STANFORD UNIVERSITY

ENVIRONMENTAL HEALTH & SAFETY

HRED

(R
DEPT OF TOXIC SUBSTANCES CONTROL

CCTOR'S OFFICE

December 14, 2011

Maziar Movassaghi, Acting Director
Department of Toxic Substances Control
1001 “I” Street

RECEIVED

P.O. Box 806
Sacramento, California 95812-9806

Re: DTSC Information Call In: Chemical Information and Analytical Test Methods for

Nanometals, Nanometal Oxides, and Quantum Dots

Dear Mr. Movassaghi,

Stanford University respectfully submits the following information regarding the use of specified
Nanometals, Nanometal Oxides, and Quantum Dots in research at Stanford University as

requested on January 4, 2011 from the Department of Toxic Substances Control as required by
California Health and Safety Code sections 57018-57020.

Stanford University is an institution of higher education and research. Attachment 1 provides

the requested Business and Certification information for Sections A-C.

Overview:
Thirteen academic research laboratories at Stanford University have been identified as using
the following nanomaterials of interest in eighteen research projects throughout the campus:
Nano Silver, Nano Titanium Dioxide, Nano Zinc Oxide, and Quantum Dots. Attachments 2-5
provide the information requested in Sections D-F for each of the four nanochemicals.

The referenced research laboratories and projects are within the departments of

hysical Properties; Analytical Test Methods

Chemical

Engineering, Chemistry, Material Sciences & Engineering, Geology, Applied Physics,
Mechanical Engineering, and Cellular & Molecular Physiology. They were identified using data
generated from three sources; a prior 2009 campus-wide nanomaterials research use survey,

an inventory search of Stanford’s electronic chemical materials inventory system
(ChemTracker), and a search of Stanford websites. Principal Investigators were

asked to

complete Sections D-F, and site visits of selected laboratories and phone interviews by EH&S

staff were used to gather additional information, as necessary.

Nano Zero Valent Iron and Nano Cerium Oxide usage at Stanford University have not been

reported.
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Description of Use:

Stanford University uses the above nanomaterials in the basic and applied research areas of
biomedical applications involving microscopy imaging, energy storage devices, fuel production,
and fundamental materials research. References and website information for selected
published and copyrighted research projects are included Attachments 2-5. These sources
provide additional information on the nature of the nanomaterials research involving the
referenced materials taking place at Stanford University. (Note that due to publisher copyright
protection concerns, entire articles are not provided in this document, but the location for access
to such reference information is provided.)

Researchers at Stanford University use nanomaterials on the laboratory-scale’. Those
academic research laboratories that synthesize nanomaterials range in total amount produced
from 0.2 milligrams to 25 grams annually. Labs reported that they purchase between 10
milligrams to 150 grams total annually; the majority of quantum dots are purchased as kits and
contain nominal quantities of nanomaterials. Material Safety Data Sheets are provided for
purchased materials.

Analytical Methods:
a. For Chemical and Physical Properties:
Depending on the nature of the research, the laboratory may rely on information provided by the
vendor or conduct quantitative or qualitative assessments to determine the specific physical or
chemical parameter. On campus, the analytical methods to evaluate the various physical and
chemical properties of each of the four types of nanomaterials indicated in Attachments 2-5
include:

e Transmission Electron Microscopy (TEM)
Dynamic Light Scattering (DLS)
X-ray photoelectron spectroscopy (XPS)
Near-infrared (NIR)
Scanning Electron Microscopy (SEM)
Brunauer-Emmett-Teller (BET) Surface Area Analysis
Inductively coupled plasma optical emission spectrometry (ICP-OES)
Energy-dispersive X-ray spectroscopy (EDX)

Reseachers perform these standard laboratory techniques primarily at Stanford’s core analytical
facilities including:
e Stanford Nanocharacterization Laboratory
http://www.stanford.edu/group/snl/
e Stanford University Soft and Hybrid Facilities Materials Laboratory
http://www.stanford.edu/group/snc/equipment/soft%20materials.html
e Small Animal Imaging Facility
http://mips.stanford.edu/aboutus/facilities/clark/sci3/index.html
e Stanford Nanofabrication Facility
http://snf.stanford.edu

The references for selected published research projects included Attachments 2-5 provide
additional regarding the analytical methods employed (see the Experimental Methods section in

' Per Cal/lOSHA 8 CCR 5191, Occupational Exposures to Hazardous Chemicals in Laboratories, laboratory scale
refers to the work with substances in which the containers used for reactions, transfers, and other handling of
substances are designed to be easily and safely manipulated by one person. “Laboratory scale” excludes
workplaces whose function is to produce commercial quantities of materials.
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the respective articles). Product information from Invitrogen on their Quantum Dot products are
also included, which include experimental protocols for the use of these commercial kits.

b. For Environmental Matrices:

Six research projects involve the evaluation of Quantum Dots, Nano Zinc Oxide, and Nano
Silver in water and cells using various methods of analysis including fluorescence microscopy,
spectrophotometry, and electron microscopy. Other environmental matrices of DTSC interst are
reportedly not evaluated in current research activities (i.e., air, soil, sludge, chemical waste, fish,
blood, adipose tissue, urine).

Comment on Future Rule Making

If rulemaking regarding the use, fate, and transport of the specified Nanometals, Nanometal
Oxides, and Quantum Dots is pursued in the future, Stanford University would support the
continued partnership between the DTSC and California institutions of higher education to
provide continued input. Our goal is to ensure that any future rulemaking uses a risk-based
approach that considers the small laboratory scale utilized in the course of education and
academic research at universities and colleges throughout California.

Kindly direct any inquiries regarding this response to Lawrence M. Gibbs, Associate Vice
Provost for Environmental Health and Safety, lgibbs@stanford.edu, (650) 723-7403.

Sincerely,
i\

/%N

LaWrence M. Gibbs, CIH
’Assomate Vice Provost

Attachments:

Attachment 1: Section A-C, Chemical, Business Identification Information and Certification
Attachment 2: Section D-F for Quantum Dots (w/MSDSs, references for selected publications,
and Invitrogen Experimental Protocols)
Attachment 3: Section D-F for Nano Silver (w/MSDS and references for selected publications)
Attachment 4: Section D-F for Nano Titanium Dioxide (w/MSDSs and references for selected
_ publications)
Attachment 5. Section D-F for Nano Zinc Oxide Dots
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Attachment 1:

Section A-C, Chemical, Business Identification Information and
Certification



STANFORD UNIVERSITY

ENVIRONMENTAL HEALTH & SAFETY

Section A: Chemical(s) (check each one which applies to your company)

|Z| Nano Silver |Z[ Nano Titanium Dioxide [J Nano Cerium Oxide
[J Nano Zero Valent Iron |Z[ Nano Zinc Oxide |Z| Quantum dots

Section B: Business Identification Information (check one and complete items 1 - 10)

Csole owner  ClcCorporation  [Limited Liability ~ [lLimited Liability ~ [JUnincorporated
Company (LLC) Partnership (LLP) Business Trust

O Spouse’s O Registered ClGeneral CLimited Mother: (describe)

Domestic Partnership Partnership University

Co-Ownership Partnership

1. Name of Sole Owner, Corporation, Partnership, Institution, Other.

Board of Trustees of the Leland Stanford Junior University

2.Business Trade Name (“Doing Business As,” if any)

N/A

3. Business Address (physical location of your business: street number and name, city, state, country, zip or postal code)

480 Oak Rd., Stanford, CA, USA 94305-8007

4. Mailing Address (street name and number, P.O. box, city, state, country, zip or postal code, if different from 3)

Same as above

5. Business Website Address(es):

www.stanford.edu; ehs.stanford.edu

6. Name of Owner, Responsible Corporate Officer, Partner, Other

Lawrence Gibbs for John Hennessy, President

7. Contact Information for Person 6 above:

Name: Title:
Lawrence Gibbs Associate Vice Provost for EH&S
Business Telephone: Email:
(650) 723-7403 Igibbs@stanford.edu
8. Number of Employees (California employees).
10,233
9. NAICS Code(s) for this business: Primary: Other: Other:
923110
10. Nano Chemical Business Type: (check applicable) O Manufacturer [ Importer M Researcher

Section C: Certification (for this complete submittal)

| am duly authorized to prepare and submit this information, as a formal response to the request pursuant to Health and
Safety Code section 57019(d)(1), and certify the information and statements made herein, and in the attachments, are
correct to the best of my knowledge and belief.

Name: Signature: Date:
Lawrence Gibbs, // | “
Associate Vice Provost for / ’ R /
/ ) )
Environmental Health and % V\l% {C}/bj(/k_ /D\/ /Y ) 207
-, "/ (
Safety L :
Stanford University W/ '




Attachment 2:

Section D-F for Quantum Dots



Product/ Productions Information (based on eight Stanford University academic research laboratories)

Nano Chemical Name:

Quantum Dots

Commercial Name(s):

Purchased materials-

e  Qdot 605 Streptavidin Conjugate

e  Qdot 655 Streptavidin Conjugate

e  Qdot 705 Streptavidin Conjugate
Qdot incubation buffer
Qdot 705 ITK carboxyl quantum dots
QTracker 655 Cell Labeling Kit
Qdot 605 ITK Streptavidin Conjugate
Qdot 625 Streptavidin Conjugate
PbS Core EviDots

Note: Two non-commercial quantum dot materials in use-(AgS, MoS2)

Annual Production Volume:

On-campus synthesized volume: 25g

Materials externally produced/ supplied:
e  ~10 kits Invitrogen QDot Kits
e 15 ml Pbs EviDots
e 15 milligrams AgS

Production Method(s):

On-campus synthesis: Solution phase self-assembly (for MoS2)

Identification of the Supplier(s):

e Invitrogen

e Evident Technologies

e Suzhou Institute of Nanotech and Nanobionics, Chinese Academy of Sciences

Physical Properties

Parameter Value / Range® Name of Analytical Method(s)?
(include units)
Shape (Morphology) Sphere, ellipsoid e Scanning Electron Microscopy
e Transmission Electron Microscopy
Density 0.002-7.23 g/cm3 None (Theoretical, calculated based on

mass balance)

Surface Area

MoS2: 50-1000 m?/g

e Brunauer, Emmetand Teller
Method

e Scanning Electron Microscopy

e Transmission Electron Microscopy

Others: Unknown

Unknown

Particle Size Air
Distribution

Unknown

Unknown

Liquid

2-20 nm

e  Dynamic Light Scattering
e  Scanning Electron Microscopy
e  Transmission Electron Microscopy

Solid/ Powder

AgS: 10.2+0.4 nm

Transmission Electron Microscope

MoS2: 1 um-mm clusters

Visible inspection

Others: Unknown

Unknown

Other (specify)

Chemical Properties




Parameter

Value / Range’
(include units)

Name of Analytical Method(s)*

Chemical Composition

e CdSe/ZnS (Qdots)
e PbS (EviDot)

Unknown (from supplier)

o AgS
® MOSZ

X-Ray Photoelectron Spectroscopy

Surface Modification (Coating,

Functionalization)

Carboxylate/ streptavidin (Qdots)

Unknown (from Supplier)

Mercaptopropionic acid (for AgS)

Oil-water dual phase extraction and
exchange

Oleic acid, poly(styrene)-
poly(vinylpyridine) (for MoS,)

Result of synthesis

Purity MoS,: >99% X-Ray Photoelectron Spectroscopy
Others: Unknown Unknown
Surface Charge MoS;: 0 None (theoretical)
Others: Unknown Unknown
Dispersion’ Air MoS,: Agglomerates into um-mm size Visible Observation; Transmission Electron
clusters Microscopy
Others: Unknown Unknown
Liquid MoS,. Well dispersed in organic solvents | Visible Observation; Transmission Electron
: Microscopy
Others: Unknown Unknown
Solid MoS,. Agglomerates into um-mm size Visible Observation; Transmission Electron

clusters

Microscopy

AgS: Agglomerated into chunks of ~1
mm

Visible Observation

Others: Unknown

Unknown

Identifying and Determining
Concentration of Nano Chemical, Its
Metabolites, and Degradation Products

in Specified Matrices

Water, Air, Soil, Sediment, Sludge,
Chemical Waste, Fish, Blood,
Adipose Tissue, Urine, Other

(Specify)

\

See Section F

Solubility

Water Solubility

MoS,: Poorly soluble

UV-Vis Transmission of optical density

Others: Unknown

Unknown

Solubility in
Organic Solvent

MoS,: Highly soluble -

UV-Vis Transmission of optical density

Others: Unknown

Unknown

n-Octanol- Water Partition Coefficient

Unknown

Unknown




Stability and
Reactivity

Flammability

MoS,: Solvent may be flammable

Based on solvent used in dispersion (e.g.,
Toluene)

Others: NFPA Fire 0-3 (rating based on
solvent)

None (from Supplier)

Explosiveness

MoS,: Solvent may be explosive

Based on solvent used in dispersion(e.g.,
Toluene)

Others: Not indicated

Unknown

Oxidizing MoS,: Does not oxidize, but can be Based on solvent used in dispersion (e.g.,
Properties oxidized Toluene)
Others: Unknown Unknown
Oxidation AgS: -0.88V for Ag,S/Ag pair Reference information
Reduction
Potential MoS,: +0.6V vs. reversible hydrogen Electrochemical cyclic voltammetry

electrode

Others: Unknown

Unknown

Storage Stability
and Reactivity

Qdots: Stable, dark, plastic bottle (for
product performance)

None (From Supplier)

(Container
Material)
EviDot: Unknown None (From Supplier)
AgS, MoS,: Stable, glass or plastic vial Visible Observation
Stability to Qdots: Avoid thermal and sunlight N/A
Thermal, Sunlight, | exposure
and Metal(s)
EviDot: Unknown N/A

AgS: Quantum yield decreases when
exposed to sunlight

Near infrared fluorescence measurement

MoS,: Stable

Visible Observation




Chemical Name Source

Qdot 605 Streptavidin Conjugate Invitrogen
Qdot 655 Streptavidin Conjugate
Qdot 705 Streptavidin Conjugate
Qdot incubation buffer

Qdot 705 ITK carboxyl quantum dots
QTracker 655 Cell Labeling Kit

Qdot 605 ITK Streptavidin Conjugate
Qdot 625 Streptavidin Conjugate

PbS Core Evi Dots Evident Technologies

. — s\\ . ie,
Nanomaterial urpose (samp Matrix

prepare, analyze)
Quantum Dot Nanocrystals Analyze Water, cell/ tissue cultures
Method description

Three labs use Quantum dots used in cell/ tissue cultures. One lab is applying the material in water. Researchers are using
various methods of analysis including but not limited to fluorescence microscopy, spectrophotometry, and electron microscopy.
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é) invitrogenm Material Safety Data Sheet

Revision Date: 21-Jan-2009

Product code Q10101MP :
Product name Qdot® 605 streptavidin conjugate

Company/Undertaking Identification

INVITROGEN CORPORATON
5791 VAN ALLEN WAY

PO BOX 6482

CARLSBAD, CA 92008
760-603-7200

INVITROGEN CORPORATION
5250 MAINWAY DRIVE
BURLINGTON, ONT

CANADA L7L 6A4
800-263-6236

GIBCO PRODUCTS
INVITROGEN CORPORATION
3175 STALEY ROAD P.O. BOX 68
GRAND ISLAND, NY 14072
716-774-6700

Hazardous/Non-hazardous Components
The product contains no substances which at their given concentration, are considered to be hazardous to health. We
recommend handling all chemicals with caution.

Emergency Overview
The product contains no substances which at their given concentration, are considered to be hazardous to health

Form
Liquid
Principle Routes of Exposure/
Potential Health effects
Eyes No information available
Skin No information available
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Inhalation - No information available

Ingestion No information available
Specific effects
Carcinogenic effects No information available
Mutagenic effects No information available
Reproductive toxicity No information available
Sensitization No information available
Target Organ Effects No information available
HMIS
Health 0
Flammability 0
Reactivity 0

Skin contact Wash off immediately with plenty of water

Eye contact Rinse thoroughiy with plenty of water, also under the eyelids.
Ingestion Never give anything by mouth to an unconscious person
Inhalation Move to fresh air

Notes to physician Treat symptomatically.

Suitable extinguishing media Dry chemical
Special protective equipment for Wear self-contained breathing apparatus and protective suit
firefighters

Personal precautions Use personal protective equipment
Methods for cleaning up Soak up with inert absorbent material.

Handling No special handling advice required
Storage Keep in properly labelled containers

Occupational exposure controls

Exposure limits
Engineering measures Ensure adequate ventilation, especially in confined areas

Personal protective equipment

Respiratory protection In case of insufficient ventilation wear suitable respiratory equipment
Hand protection Protective gloves
Eye protection Safety glasses with side-shields

Skin and body protection  Lightweight protective clothing.
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Hygiene measures Handle in accordance with good industrial hygiene and safety practlce
Environmental exposure Prevent product from entering drains.
controls

General Information

Form Liquid

Important Health Safety and Environmental Information
Boiling point/range °C No data available  °F No data available
Melting point/range °C No data available = °F No data available
Flash point °C No data available  °F No data available
Autoignition temperature °C No data available  °F No data available
Oxidizing properties No information available
Water solubility No data available

- Stability Stable.
Materials to avoid No information available
Hazardous decomposition No information available
products
Polymerization Hazardous polymerisation does not occur.

Acute toxicity

Principle Routes of Exposure/
Potential Health effects

Eyes No information available
Skin No information available
Inhalation No information available
Ingestion No information available
Specific effects
Carcinogenic effects No information available
Mutagenic effects No information available
Reproductive toxicity No information available
Sensitization No information available
Target Organ Effects No information available

Ecotoxicity effects No information available.
Mobility No information available.
Biodegradation Inherently biodegradable.
Bioaccumulation Does not bioaccumulate.
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IATA

Proper shipping name Not classified as dangerous in the meaning of transport regulations
Hazard Class No information available
Subsidiary Class No information available
Packing group No information available
UN-No No information available

International Inventories

U.S. Federal Regulations

SARA 313
This product is not regulated by SARA.

Clean Air Act, Section 112 Hazardous Air Pollutants (HAPs) (see 40 CFR 61)
This product does not contains HAPs.

U.S. State Requlations

California Proposition 65
This product does not contain chemicals listed under Proposition 65

WHMIS hazard class:
Non-controlled

This product has been classified according to the hazard criteria of the CPR and the MSDS contains all of the information required by
the CPR

This material is sold for research and development purposes only. It is not for any human or animal therapeutic or clinical
diagnostic use. It is not intended for food, drug, household, agricultural, or cosmetic use. An individual technically qualified
to handle potentially hazardous chemicals must supervise the use of this material.

The above information was acquired by diligent search and/or investigation and the recommendations are based on
prudent application of professional judgment. The information shall not be taken as being all inclusive and is to be used
only as a guide. All materials and mixtures may be present unknown hazards and should be used with caution. Since
Invitrogen Corporation cannot control the actual methods, volumes, or conditions of use, the Company shall not be held
liable for any damages or losses resulting from the handling or from contact with the product as described herein. THE
INFORMATION IN THIS MSDS DOES NOT CONSTITUTE A WARRANTY, EXPRESS OR IMPLIED, INCLUDING ANY
IMPLIED WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTCULAR PURPOSE.

End of Safety Data Sheet
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& invitrogen- Material Safety Data Sheet

Revision Date: 21-Jan-2009

Product code Q10061MP B
Product name Qdot® incubation buffer

Company/Undertaking Identification

INVITROGEN CORPORATON
5791 VAN ALLEN WAY

PO BOX 6482

CARLSBAD, CA 92008
760-603-7200

INVITROGEN CORPORATION
5250 MAINWAY DRIVE
BURLINGTON, ONT

CANADA L7L 6A4
800-263-6236

GIBCO PRODUCTS
INVITROGEN CORPORATION
3175 STALEY ROAD P.O. BOX 68
GRAND ISLAND, NY 14072
716-774-6700

Hazardous/Non-hazardous Components
The product contains no substances which at their given concentration, are considered to be hazardous to health. We
recommend handling all chemicals with caution.

Emergency Overview _
The product contains no substances which at their given concentration, are considered to be hazardous to health

Form
Liquid
Principle Routes of Exposure/
Potential Health effects
Eyes No information available
Skin No information available
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Inhalation No information available

Ingestion No information available
Specific effects v
Carcinogenic effects No information available
Mutagenic effects No information available
Reproductive toxicity No information available
Sensitization No information available
Target Organ Effects No information available
HMIS
Health 0
Flammability 0
Reactivity 0

Skin contact . Wash off immediately with plenty of water

Eye contact Rinse thoroughly with plenty of water, also under the eyelids.
Ingestion Never give anything by mouth to an unconscious person
Inhalation Move to fresh air

Notes to physician Treat symptomatically.

Suitable extinguishing media Dry chemical
Special protective equipment for Wear self-contained breathing apparatus and protective suit
firefighters

Personal precautions Use personal protective equipment
Methods for cleaning up Soak up with inert absorbent material.

Handling No special handling advice required
Storage Keep in properly labelled containers

Occupational exposure controls

Exposure limits
Engineering measures Ensure adequate ventilation, especially in confined areas

Personal protective equipment

Respiratory protection In case of insufficient ventilation wear suitable respiratory equipment
Hand protection Protective gloves
Eye protection Safety glasses with side-shields

Skin and body protection  Lightweight protective clothing.
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Hygiene measures Handle in accordance with good industrial hygiene and safety practice
Environmental exposure Prevent product from entering drains.
controls

General Information

Form Liquid

Important Health Safety and Environmental Information
Boiling point/range °C No data available  °F No data available
Melting point/range °C No data available  °F No data available
Flash point °C No data available  °F No data available
Autoignition temperature °C No data available = °F No data available
Oxidizing properties No information available
Water solubility No data available

Stability : Stable.

Materials to avoid No information available

Hazardous decomposition No information available

products

Polymerization Hazardous polymerisation does not occur.

Acute toxicity

Principle Routes of Exposure/
Potential Health effects

Eyes No information available
Skin No information available
Inhalation No information available
Ingestion No information available
Specific effects
Carcinogenic effects No information available
Mutagenic effects No information available
Reproductive toxicity No information available
Sensitization No information available
Target Organ Effects No information available

Ecotoxicity effects No information available.
Mobility No information available.
Biodegradation Inherently biodegradable.
Bioaccumulation Does not bioaccumulate.
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Proper shipping name Not classified as dangerous in the meaning of transport regulations
Hazard Class No information available
Subsidiary Class No information available
Packing group No information available
UN-No No information available

International Inventories

U.S. Federal Regulations

SARA 313
This product is not regulated by SARA.

Clean Air Act, Section 112 Hazardous Air Pollutants (HAPs) (see 40 CFR 61)
This product does not contains HAPs.

U.S. State Requlations

California Proposition 65
This product does not contain chemicals listed under Proposition 65

WHMIS hazard class:
Non-controlled

This product has been classified according to the hazard criteria of the CPR and the MSDS contains all of the information required by
the CPR

This material is sold for research and development purposes only. It is not for any human or animal therapeutic or clinical
diagnostic use. It is not intended for food, drug, household, agricultural, or cosmetic use. An individual technically qualified
to handle potentially hazardous chemicals must supervise the use of this material.

The above information was acquired by diligent search and/or investigation and the recommendations are based on
prudent application of professional judgment. The information shall not be taken as being all inclusive and is to be used
only as a guide. All materials and mixtures may be present unknown hazards and should be used with caution. Since
Invitrogen Corporation cannot control the actual methods, volumes, or conditions of use, the Company shall not be held
liable for any damages or losses resulting from the handling or from contact with the product as described herein. THE
INFORMATION IN THIS MSDS DOES NOT CONSTITUTE A WARRANTY, EXPRESS OR IMPLIED, INCLUDING ANY
IMPLIED WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTCULAR PURPOSE.

End of Safety Data Sheet
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& mvﬁrogenm | Material Safety Data Sheet

Revision Date: 22-Jan-2009

Product code - Q21361MP
Product name Qdot® 705 ITK™ carboxyl quantum dots

Company/Undertaking Identification

INVITROGEN CORPORATON
5791 VAN ALLEN WAY

PO BOX 6482

CARLSBAD, CA 92008
760-603-7200

INVITROGEN CORPORATION
5250 MAINWAY DRIVE
BURLINGTON, ONT

CANADA L7L 6A4
800-263-6236

GIBCO PRODUCTS
INVITROGEN CORPORATION
3175 STALEY ROAD P.0. BOX 68
GRAND ISLAND, NY 14072
716-774-6700

Hazardous/Non-hazardous Components
The product contains no substances which at their given concentration, are considered to be hazardous to health. We
recommend handling all chemicals with caution.

Emergency Overview
The product contains no substances which at their given concentration, are considered to be hazardous to health

Form
Liquid
Principle Routes of Exposure/
Potential Health effects ,
Eyes No information available
Skin No information available

Page 1/4
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Inhalation No information available

Ingestion No information available
Specific effects
Carcinogenic effects " No information available
Mutagenic effects No information available
Reproductive toxicity No information available
Sensitization No information available
Target Organ Effects No information available
HMIS
Health 0
Flammability 0
Reactivity 0

Skin contact Wash off immediately with plenty of water

Eye contact Rinse thoroughly with plenty of water, also under the eyelids.
Ingestion Never give anything by mouth to an unconscious person
Inhalation Move to fresh air

Notes to physician Treat symptomatically.

Suitable extinguishing media Dry chemical
Special protective equipment for Wear self-contained breathing apparatus and protective suit
firefighters

Personal precautions Use personal protective equipment
Methods for cleaning up Soak up with inert absorbent material.

Handling No special handling advice required
Storage Keep in properly labelled containers

Occupational exposure controls

Exposure limits
Engineering measures Ensure adequate ventilation, especially in confined areas

Personal protective equipment

Respiratory protection In case of insufficient ventilation wear suitable respiratory equipment
Hand protection Protective gloves
Eye protection Safety glasses with side-shields

Skin and body protection  Lightweight protective clothing.
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Hygiene measures Handle in accordance with good industrial hygiene and safety practice
Environmental exposure Prevent product from entering drains.
controls

General Information

Form Liquid

Important Health Safety and Environmental Information
Boiling point/range °C No data available  °F No data available
Melting point/range °C No data available  °F No data available
Flash point °C No data available  °F No data available
Autoignition temperature °C No data available  °F No data available
Oxidizing properties No information available
Water solubility No data available

Stability Stable.

Materials to avoid No information available

Hazardous decomposition No information available

products

Polymerization Hazardous polymerisation does not occur.

Acute toxicity

Principle Routes of Exposure/
Potential Health effects

Eyes No information available
Skin No information available
Inhalation No information available
Ingestion No information available
Specific effects
Carcinogenic effects No information available
Mutagenic effects No information available
Reproductive toxicity No information available
Sensitization No information available
Target Organ Effects No information available

Ecotoxicity effects No information available.
Mobility No information available.
Biodegradation Inherently biodegradable.
Bioaccumulation Does not bioaccumulate.
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Dispose of in accordance with local regulations

IATA
Proper shipping name Not classified as dangerous in the meaning of transport regulations
Hazard Class No information available
Subsidiary Class No information available
Packing group No information available

UN-No No information available

International Inventories

U.S. Federal Regulations

SARA 313
This product is not regulated by SARA.

Clean Air Act, Section 112 Hazardous Air Pollutants (HAPs) (see 40 CFR 61)
This product does not contains HAPs.

U.S. State Regulations

California Proposition 65
This product does not contain chemicals listed under Proposition 65

WHMIS hazard class:
Non-controlled

This product has been classified according to the hazard criteria of the CPR and the MSDS contains all of the information required by
the CPR :

This material is sold for research and development purposes only. It is not for any human or animal therapeutic or clinical
diagnostic use. It is not intended for food, drug, household, agricultural, or cosmetic use. An individual technically qualified
to handle potentially hazardous chemicals must supervise the use of this material.

The above information was acquired by diligent search and/or investigation and the recommendations are based on
prudent application of professional judgment. The information shall not be taken as being all inclusive and is to be used
only as a guide. All materials and mixtures may be present unknown hazards and should be used with caution. Since
Invitrogen Corporation cannot control the actual methods, volumes, or conditions of use, the Company shall not be held
liable for any damages or losses resulting from the handling or from’'contact with the product as described herein. THE
INFORMATION IN THIS MSDS DOES NOT CONSTITUTE A WARRANTY, EXPRESS OR IMPLIED, INCLUDING ANY
IMPLIED WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTCULAR PURPOSE.

End of Safety Data Sheet
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& invitrogen“‘ Material Safety Data Sheet
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Date: 21-Jan-2009

Product code Q10121MP
Product name Qdot® 655 streptavidin conjugate

Company/Undertaking ldentification

INVITROGEN CORPORATON
5791 VAN ALLEN WAY

PO BOX 6482

CARLSBAD, CA 92008
760-603-7200

INVITROGEN CORPORATION
5250 MAINWAY DRIVE
BURLINGTON, ONT

CANADA L7L 6A4
800-263-6236

GIBCO PRODUCTS
INVITROGEN CORPORATION
3175 STALEY ROAD P.O. BOX 68
GRAND ISLAND, NY 14072
716-774-6700

Hazardous/Non-hazardous Components
The product contains no substances which at their given concentration, are considered to be hazardous to health. We
recommend handling all chemicals with caution.

Emergency Overview
The product contains no substances which at their given concentration, are considered to be hazardous to health

Form
Liquid
Principle Routes of Exposure/
Potential Health effects
Eyes No information available
Skin No information available
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Inhalation No information available

Ingestion No information available
Specific effects
Carcinogenic effects No information available
Mutagenic effects No information available
Reproductive toxicity No information available
Sensitization No information available
Target Organ Effects No information available
HMIS
Health 0
Flammability 0
Reactivity 0

Skin contact Wash off immediately with plenty of water

Eye contact Rinse thoroughly with plenty. of water, also under the eyelids.
Ingestion Never give anything by mouth to an unconscious person
Inhalation Move to fresh air

Notes to physician Treat symptomatically.

Suitable extinguishing media Dry chemical :
Special protective equipment for Wear self-contained breathing apparatus and protective suit
firefighters

Personal precautions Use personal protective equipment
Methods for cleaning up Soak up with inert absorbent material.

Handling No special handling advice required
Storage Keep in properly labelled containers

Occupational exposure controls

Exposure limits -
Engineering measures Ensure adequate ventilation, especially in confined areas

Personal protective equipment

Respiratory protection In case of insufficient ventilation wear suitable respiratory equipment
Hand protection Protective gloves
Eye protection Safety glasses with side-shields

Skin and body protection  Lightweight protective clothing.

Page 2/4



Hygiene measures Handle in accordance with good industrial hygiene and safety practice
Environmental exposure  Prevent product from entering drains.
controls

General Information

Form Liquid

Important Health Safety and Environmental Information
Boiling point/range °C No data available  °F No data available
Melting point/range °C No data available  °F No data available
Flash point °C No data available  °F No data available
Autoignition temperature °C No data available  °F No data available
Oxidizing properties No information available
Water solubility No.data available

Stability : Stable.

Materials to avoid No information available

Hazardous decomposition No information available

products

Polymerization Hazardous polymerisation does not occur.

Acute toxicit

Principle Routes of Exposure/
Potential Health effects

Eyes No information available
Skin No information available
Inhalation No information available
Ingestion No information available
Specific effects
Carcinogenic effects No information available
Mutagenic effects No information available
Reproductive toxicity No information available
Sensitization No information available
Target Organ Effects No information available

Ecotoxicity effects No information available.
Mobility No information available.
Biodegradation Inherently biodegradable.
Bioaccumulation Does not bioaccumulate.
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Diépose of in accordance with local regulations

Proper shipping name Not classified as dangerous in the meaning of transport regulations
Hazard Class No information available
Subsidiary Class No information available
Packing group No information available
UN-No No information available

International Inventories

U.S. Federal Regulations

SARA 313
This product is not regulated by SARA.

Clean Air Act, Section 112 Hazardous Air Pollutants (HAPs) (see 40 CFR 61)
This product does not contains HAPs.

U.S. State Regulations

California Proposition 65
This product does not contain chemicals listed under Proposition 65

WHMIS hazard class:
Non-controlled

This product has been classified according to the hazard criteria of the CPR and the MSDS contains all of the information required by
the CPR .

This material is sold for research and development purposes only. It is not for any human or animal therapeutic or clinical
diagnostic use. It is not intended for food, drug, household, agricultural, or cosmetic use. An individual technically qualified
to handle potentially hazardous chemicals must supervise the use of this material.

The above information was acquired by diligent search and/or investigation and the recommendations are based on
prudent application of professional judgment. The information shall not be taken as being all inclusive and is to be used
only as a guide. All materials and mixtures may be present unknown hazards and should be used with caution. Since
Invitrogen Corporation cannot control the actual methods, volumes, or conditions of use, the Company shall not be held
liable for any damages or losses resulting from the handling or from contact with the product as described herein. THE
INFORMATION IN THIS MSDS DOES NOT CONSTITUTE A WARRANTY, EXPRESS OR IMPLIED, INCLUDING ANY
IMPLIED WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTCULAR PURPOSE.

End of Safety Data Sheet
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) invitrogen’“ '- Material Safety Data Sheet

Revision Date: 21-Jan-2009

Product code Q10061MP A
Product name Qdot® 705 ITK™ streptavidin conjugate *2 uM solution*

Company/Undertaking ldentification

INVITROGEN CORPORATON
5791 VAN ALLEN WAY

PO BOX 6482

CARLSBAD, CA 92008
760-603-7200

INVITROGEN CORPORATION
5250 MAINWAY DRIVE
BURLINGTON, ONT

CANADA L7L 6A4
800-263-6236

GIBCO PRODUCTS
INVITROGEN CORPORATION
3175 STALEY ROAD P.O. BOX 68
GRAND ISLAND, NY 14072
716-774-6700

Hazardous/Non-hazardous Components
The product contains no substances which at their given concentration, are considered to be hazardous to health. We
recommend handling all chemicals with caution.

Emergency Overview
The product contains no substances which at their given concentration, are considered to be hazardous to health

Form
Liquid
Principle Routes of Exposure/
Potential Health effects
Eyes No information available
Skin No information available
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Inhalation No informé?ion available
Ingestion No information available
Specific effects
Carcinogenic effects No information available
Mutagenic effects No information available -
Reproductive toxicity No information available
Sensitization No information available
Target Organ Effects No information available
HMIS
Health 0
Flammability 0
Reactivity 0

Skin contact Wash off immediately with plenty of water

Eye contact Rinse thoroughly with plenty of water, also under the eyelids.
Ingestion Never give anything by mouth to an unconscious person
Inhalation Move to fresh air

Notes to physician Treat symptomatically.

Suitable extinguishing media Dry chemical
Special protective equipment for Wear self-contained breathing apparatus and protective suit
firefighters

- Personal precautions . Use personal protective equipment
Methods for cleaning up Soak up with inert absorbent material.

Handling No special handling advice required
Storage Keep in properly labelled containers

Occupational exposure controls

Exposure limits
Engineering measures Ensure adequate ventilation, especially in confined areas

Personal protective equipment

Respiratory protection In case of insufficient ventilation wear suitable respiratory equipment
Hand protection Protective gloves
Eye protection Safety glasses with side-shields

Skin and body protection  Lightweight protective clothing.
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Hygiene measures Handle in accordance with good industrial hygiene and safety practice
Environmental exposure Prevent product from entering drains.
controls

General Information

Form Liquid

Important Health Safety and Environmental Information
Boiling point/range °C No data available  °F No data available
Melting point/range °C No data available  °F No data available
Flash point °C No data available  °F No data available
Autoignition temperature °C No data available  °F No data available
Oxidizing properties No information available ’
Water solubility No data available

Stability Stable.

Materials to avoid No information available

Hazardous decomposition No informatjon available

products

Polymerization Hazardous polymerisation does not occur.

Acute toxicity

Principle Routes of Exposure/
Potential Health effects

Eyes No information available
Skin No information available
Inhalation _ No information available
Ingestion No information available
Specific effects
Carcinogenic effects No information available
Mutagenic effects No information available
Reproductive toxicity No information available
Sensitization No information available
Target Organ Effects No information available

Ecotoxicity effects No information available.
Mobility . No information available.
Biodegradation Inherently biodegradable.
Bioaccumulation Does not bioaccumulate.
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Dispose of in accordance with local regulations

IATA
Proper shipping name Not classified as dangerous in the meaning of transport regulations
Hazard Class No information available
Subsidiary Class No information available
Packing group No information available
UN-No No information available

International Inventories

U.S. Federal Regulations

SARA 313
This product is not regulated by SARA.

Ciean Air Act, Section 112 Hazardous Air Pollutants (HAPs) (see 40 CFR 61)
This product does not contains HAPs.

. U.S. State Regulations

California Proposition 65
This product does not contain chemicals listed under Proposition 65

WHMIS hazard class:
Non-controlled

This product has been classified according to the hazard criteria of the CPR and the MSDS contains all of the information required by
the CPR

This material is sold for research and development purposes only. It is not for any human or animal therapeutic or clinical
diagnostic use. It is not intended for food, drug, household, agricultural, or cosmetic use. An individual technically qualified
to handle potentially hazardous chemicals must supervise the use of this material.

The above information was acquired by diligent search and/or investigation and the recommendations are based on
prudent application of professional judgment. The information shall not be taken as being all inclusive and is to be used
only as a guide. All materials and mixtures may be present unknown hazards and should be used with caution. Since
Invitrogen Corporation cannot control the actual methods, volumes, or conditions of use, the Company shall not be held
liable for any damages or losses resulting from the handling or from contact with the product as described herein. THE
INFORMATION IN THIS MSDS DOES NOT CONSTITUTE A WARRANTY, EXPRESS OR IMPLIED, INCLUDING ANY
IMPLIED WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTCULAR PURPOSE.

End of Safety Data Sheet

Page 4/4



& invi‘tm_gen“ Material Safety Data Sheet

Revision Date: 02-Feb-2009

Product code Q25021MP COMPONENT A
Product name Component A: Qtracker® 655

Company/Undertaking Identification

INVITROGEN CORPORATON
5791 VAN ALLEN WAY

PO BOX 64382

CARLSBAD, CA 92008
760-603-7200

INVITROGEN CORPORATION
5250 MAINWAY DRIVE
BURLINGTON, ONT

CANADA L7L 6A4
800-263-6236

GIBCO PRODUCTS
INVITROGEN CORPORATION
3175 STALEY ROAD P.0. BOX 68
GRAND ISLAND, NY 14072
716-774-6700

Hazardous/Non-hazardous Components
The product contains no substances which at their given concentration, are considered to be hazardous to health. We
recommend handling all chemicals with caution.

Emergency Overview
The product contains no substances which at their given concentration, are considered to be hazardous to health

Form
Suspension
Principle Routes of Exposure/
Potential Health effects
Eyes No information available
Skin No information available
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Inhalation No information available

Ingestion : No information available
Specific effects
Carcinogenic effects No information available
Mutagenic effects . No information available
Reproductive toxicity No information available
Sensitization No information available
Target Organ Effects No information available
HMIS
Health 0
Flammability 0
Reactivity 0

Skin contact ’ Wash off immediately with plenty of water

Eye contact Rinse thoroughly with plenty of water, also under the eyelids.
Ingestion Never give anything by mouth to an unconscious person
Inhalation Move to fresh air

Notes to physician Treat symptomatically.

Suitable extinguishing media Dry chemical
Special protective equipment for Wear self-contained breathing apparatus and protective suit
firefighters ‘

Personal precautions Use personal protective equipment
Methods for cleaning up Soak up with inert absorbent material.

Handling No special handling advice required
Storage Keep in properly labelled containers

Occupational exposure controls

Exposure limits
Engineering measures Ensure adequate ventilation, especially in confined areas

Personal protective equipment

Respiratory protection In case of insufficient ventilation wear suitable respiratory equipment
Hand protection Protective gloves
Eye protection Safety glasses with side-shields

Skin and body protection  Lightweight protective clothing.
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Hygiene measures Handle in accordance with good industrial hygiene and safety practice
Environmental exposure Prevent product from entering drains.
controls

General Information

Form Suspension

Important Health Safety and Environmental Information
Boiling point/range °C No data available  °F No data available
Melting point/range °C No data available  °F No data available
Flash point °C No data available = °F No data available
Autoignition temperature - °C No data available  °F No data available
Oxidizing properties No information available
Water solubility No data available

Stability Stable.

Materials to avoid No information available

Hazardous decomposition No information available

products

Polymerization Hazardous polymerisation does not occur.

Acute toxicity

Principle Routes of Exposure/
Potential Health effects

Eyes No information available
Skin No information available
Inhalation No information available
Ingestion No information available
Specific effects
Carcinogenic effects No information available
Mutagenic effects No information available
Reproductive toxicity No information available
Sensitization No information available
Target Organ Effects No information available

Ecotoxicity effects No information available.
Mobility No information available.
Biodegradation Inherently biodegradable.
Bioaccumulation Does not bioaccumulate.
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Proper shipping nhame Not classified as dangerous in the nﬁeaning of transport regulations

Hazard Class No information available
Subsidiary Class No information available
Packing group No information available
UN-No No information available

International Inventories

U.S. Federal Regulations

SARA 313
This product is not regulated by SARA.

Clean Air Act, Section 112 Hazardous Air Pollutants (HAPs) (see 40 CFR 61)
This product does not contains HAPs.

U.S. State Regulations

California Proposition 65
This product does not contain chemicals listed under Proposition 65

WHMIS hazard class:
Non-controlled

This product has been classified according to the hazard criteria of the CPR and the MSDS contains all of the information required by
the CPR

This material is sold for research and development purposes only. It is not for any human or animal therapeutic or clinical
diagnostic use. It is not intended for food, drug, household, agricultural, or cosmetic use. An individual technically qualified
to handle potentially hazardous chemicals must supervise the use of this material.

The above information was acquired by diligent search and/or investigation and the recommendations are based on
prudent application of professional judgment. The information shall not be taken as being all inclusive and is to be used
only as a guide. All materials and mixtures may be present unknown hazards and should be used with caution. Since
Invitrogen Corporation cannot control the actual methods, volumes, or conditions of use, the Company shall not be held
liable for any damages or losses resulting from the handling or from contact with the product as described herein. THE
INFORMATION IN THIS MSDS DOES NOT CONSTITUTE A WARRANTY, EXPRESS OR IMPLIED, INCLUDING ANY
IMPLIED WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTCULAR PURPOSE.

End of Safety Data Sheet
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& invitrogenm o Material Safety Data Sheet

Revision Date: 02-Feb-2009

Product code Q25021MP COMPONENT B
Product name Component B: Qtracker® Carrier

Company/Undertaking Identification

INVITROGEN CORPORATON
5791 VAN ALLEN WAY

PO BOX 6482

CARLSBAD, CA 92008
760-603-7200

INVITROGEN CORPORATION
5250 MAINWAY DRIVE
BURLINGTON, ONT

CANADA L7L 6A4
800-263-6236

GIBCO PRODUCTS
INVITROGEN CORPORATION
3175 STALEY ROAD P.O. BOX 68
GRAND ISLAND, NY 14072
716-774-6700

Hazardous/Non-hazardous Components
The product contains no substances which at their given concentration, are considered to be hazardous to health. We
recommend handling all chemicals with caution.

Emergency Overview
The product contains no substances which at their given concentration, are considered to be hazardous to health

Form
Liquid
Principle Routes of Exposure/
Potential Health effects
Eyes No information available
Skin No information available
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Inhalation ‘ No information available

Ingestion No information available
Specific effects
Carcinogenic effects No information available
Mutagenic effects No information available
Reproductive toxicity No information available
Sensitization No information available
Target Organ Effects No information available
HMIS
Health 0
Flammability 0
Reactivity 0

Skin contact Wash off immediately with plenty of water

Eye contact : Rinse thoroughly with plenty of water, also under the eyelids.
Ingestion Never give anything by mouth to an unconscious person
Inhalation Move to fresh air

Notes to physician Treat symptomatically.

Suitable extinguishing media Dry chemical
Special protective equipment for Wear self-contained breathing apparatus and protective suit
firefighters

Personal precautions Use personal protective equipment
Methods for cleaning up Soak up with inert absorbent material.

Handling No special handling advice required
Storage Keep in properly labelled containers

Occupational exposure controls

Exposure limits :
Engineering measures Ensure adequate ventilation, especially in confined areas

Personal protective equipment

Respiratory protection In case of insufficient ventilation wear suitable respiratory equipment
Hand protection Protective gloves
Eye protection Safety glasses with side-shields

Skin and body protection  Lightweight protective clothing.
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Hygiene measures Handle in accordance with good industrial hygiene and safety practice
Environmental exposure Prevent product from entering drains.
controls

General Information

Form Liquid

Important Health Safety and Environmental Information
Boiling point/range °C No data available  °F No data available
Melting point/range °C No data available  °F No data available
Flash point °C No data available  °F No data available
Autoignition temperature °C No data available  °F No data available
Oxidizing properties No information available
Water solubility No data available

Stability - Stable.

Materials to avoid No information available

Hazardous decomposition No information available

products )

Polymerization Hazardous polymerisation does not occur.

Acute toxicity

Principle Routes of Exposure/
Potential Health effects

Eyes No information available
Skin No information available
Inhalation No information available
Ingestion ' No information available
Specific effects
Carcinogenic effects No information available
Mutagenic effects No information available
Reproductive toxicity No information available
Sensitization No information available
Target Organ Effects No information available

Ecotoxicity effects No information available.
Mobility No information available.
Biodegradation Inherently biodegradable.
Bioaccumulation ‘ Does not bioaccumulate.
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ISPOS.

Dispose of in accordance with local regulations

IATA
Proper shipping name Not classified as dangerous in the meaning of transport regulations
Hazard Class No information available
Subsidiary Class No information available
Packing group No information available
UN-No No information available

International Inventories

U.S. Federal Regulations

SARA 313
This product is not regulated by SARA.

Clean Air Act, Section 112 Hazardous Air Pollutants (HAPs) (see 40 CFR 61)
This product does not contains HAPs.

U.S. State Requlations

California Proposition 65
This product does not contain chemicals listed under Proposition 65

WHMIS hazard class:
Non-controlled

This product has been classified according td the hazard criteria of the CPR and the MSDS contains all of the information required by
the CPR

This material is sold for research and development purposes only. It is not for any human or animal therapeutic or clinical
diagnostic use. It is not intended for food, drug, household, agricultural, or cosmetic use. An individual technically qualified
to handle potentially hazardous chemicals must supervise the use of this material.

The above information was acquired by diligent search and/or investigation and the recommendations are based on
prudent application of professional judgment. The information shall not be taken as being all inclusive and is to be used
only as a guide. All materials and mixtures may be present unknown hazards and should be used with caution. Since
Invitrogen Corporation cannot control the actual methods, volumes, or conditions of use, the Company shall not be held
liable for any damages or losses resulting from the handling or from contact with the product as described herein. THE
INFORMATION IN THIS MSDS DOES NOT CONSTITUTE A WARRANTY, EXPRESS OR IMPLIED, INCLUDING ANY
IMPLIED WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTCULAR PURPOSE.

End of Safety Data Sheet
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& invitrogen“‘ Material Safety Data Sheet

Revision Date: 22-Jan-2009

Product code Q10001MP COMPONENT A
Product name Qdot® 605 ITK™ streptavidin conjugate *2 uM solution*

Company/Undertaking Identification

INVITROGEN CORPORATON
5791 VAN ALLEN WAY

PO BOX 6482

CARLSBAD, CA 92008
760-603-7200

INVITROGEN CORPORATION
5250 MAINWAY DRIVE
BURLINGTON, ONT

CANADA L7L 6A4
800-263-6236

GIBCO PRODUCTS
INVITROGEN CORPORATION
3175 STALEY ROAD P.O. BOX 68
GRAND ISLAND, NY 14072
716-774-6700

Hazardous/Non-hazardous Components
The product contains no substances which at their given concentration, are considered to be hazardous to health. We
recommend handling all chemicals with caution.

Emergency Overview
IThe product contains no substances which at their given concentration, are considered to be hazardous to health

Form
Liquid
Principle Routes of Exposure/
Potential Health effects
Eyes No information available
Skin No information available
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Inhalation No information available

Ingestion No information available
Specific effects
Carcinogenic effects No information available
Mutagenic effects No information available
Reproductive toxicity No information available
Sensitization No information available
Target Organ Effects No information available
HMIS
Health 0
Flammability 0
Reactivity 0

Skin contact Wash off immediately with plenty of water

Eye contact Rinse thoroughly with plenty of water, also under the eyelids.
Ingestion Never give anything by mouth to an unconscious person
Inhalation Move to fresh air

Notes to physician Treat symptomatically.

Suitable extinguishing media Dry chemical
Special protective equipment for Wear self-contained breathing apparatus-and protective suit
firefighters

Personal precautions Use personal protective equipment
Methods for cleaning up Soak up with inert absorbent material.

Handling No special handling advice required
Storage Keep in properly labelled containers

Occupational exposure controls

Exposure limits :
Engineering measures Ensure adequate ventilation, especially in confined areas

Personal protective equipment

Respiratory protection In case of insufficient ventilation wear suitable respiratory equipment
Hand protection Protective gloves
Eye protection Safety glasses with side-shields

Skin and body protection  Lightweight protective clothing.
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Hygiene measures Handle in accordance with good industrial hygiene and safety practice
Environmental exposure  Prevent product from entering drains.
controls

General Information

Form Liquid

Important Health Safety and Environmental Information
Boiling point/range °C No data available  °F No data available
Melting point/range °C No data available ~ °F No data available
Flash point °C No data available  °F No data available
Autoignition temperature °C No data available  °F No data available
Oxidizing properties No information available
Water solubility No data available

Stability - Stable.

Materials to avoid No information available

Hazardous decomposition No information available

products

Polymerization Hazardous polymerisation does not occur.

Acute toxicity

Principle Routes of Exposure/
Potential Health effects

Eyes No information available
Skin No information available
Inhalation No information available
Ingestion No information available
Specific effects
Carcinogenic effects No information available
Mutagenic effects No information available
Reproductive toxicity No information available
Sensitization No information available
Target Organ Effects No information available

Ecotoxicity effects No information available.
Mobility No information available.
Biodegradation Inherently biodegradable.
Bioaccumulation Does not bioaccumulate.
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Proper shipping name Not classified as dangerous in the meaning of transport regulations
Hazard Class No information available
Subsidiary Class No information available
Packing group No information available
UN-No No information available

International Inventories

U.S. Federal Regulations

SARA 313
This product is not regulated by SARA.

Clean Air Act, Section 112 Hazardous Air Pollutants (HAPs) (see 40 CFR 61)
This product does not contains HAPs.

U.S. State Regulations

California Proposition 65
This product does not contain chemicals listed under Proposition 65

WHMIS hazard class:
Non-controlled

This product has been classified according to the hazard criteria of the CPR and the MSDS contains all of the information required by
the CPR

This material is sold for research and development purposes only. It is not for any human or animal therapeutic or clinical
diagnostic use. It is not intended for food, drug, household, agricultural, or cosmetic use. An individual technically qualified
to handle potentially hazardous chemicals must supervise the use of this material.

The above information was acquired by diligent search and/or investigation and the recommendations are based on
prudent application of professional judgment. The information shall not be taken as being all inclusive and is to be used
only as a guide. All materials and mixtures may be present unknown hazards and should be used with caution. Since
Invitrogen Corporation cannot control the actual methods, volumes, or conditions of use, the Company shall not be held
liable for any damages or losses resulting from the handling or from contact with the product as described herein. THE
INFORMATION IN THIS MSDS DOES NOT CONSTITUTE A WARRANTY, EXPRESS OR IMPLIED, INCLUDING ANY
IMPLIED WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTCULAR PURPOSE.

End of Safety Data Sheet
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S invitrogenm Material Safety Data Sheet

Revision Date: 29-Aug-2007

Product code A10196
Product name Qdot 625 streptavidin conjugate

Company/Undertaking Identification

INVITROGEN CORPORATON
1600 FARADAY AVENUE

PO BOX 6482

CARLSBAD, CA 92008
760-603-7200

INVITROGEN CORPORATION
2270 INDUSTRIAL STREET
BURLINGTON, ONT

CANADA L7P 1A1
800-263-6236

GIBCO PRODUCTS
INVITROGEN CORPORATION
3175 STALEY ROAD P.0. BOX 68
GRAND ISLAND, NY 14072
716-774-6700

Hazardous/Non-hazardous Components
The product contains no substances which at their given concentration, are considered to be hazardous to health

Emergency Overview
The product contains no substances which at their given concentration, are considered to be hazardous to health

Form
Liquid
Principle Routes of Exposure/
Potential Health effects
Eyes No information available
Skin No information available
Inhalation No information available
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No information available

Ingestion

Specific effects
Carcinogenic effects No information available
Mutagenic effects No information available
Reproductive toxicity No information available
Sensitization No information available
Target Organ Effects No information available
HMIS
Health 0
Flammability 0
Reactivity 0

Skin contact Wash off immediately with plenty of water

Eye contact Rinse thoroughly with plenty of water, also under the eyelids.
Ingestion Never give anything by mouth to an unconscious person
Inhalation Move to fresh air

Notes to physician Treat symptomatically.

Suitable extinguishing media Dry chemical
Special protective equipment for Wear self-contained breathing apparatus and protective suit
firefighters :

Personal precautions Use personal protective equipment.
Methods for cleaning up Soak up with inert absorbent material.

Handling No special handling advice required
Storage Keep in properly labelled containers

Occupational exposure controls

Exposure limits
Engineering measures Ensure adequate ventilation, especially in confined areas

Personal protective equipment

Respiratory protection In case of insufficient ventilation wear suitable respiratory equipment
Hand protection Protective gloves

Eye protection - Safety glasses with side-shields

Skin and body protection  Lightweight protective clothing.

Hygiene measures Handle in accordance with good industrial hygiene and safety practice.
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Environmental exposure Prevent product from entering drains.
controls

General Information

Form Liquid

Important Health Safety and Environmental Information
Boiling point/range °C No data available  °F No data available
Melting point/range °C No data available  °F No data available
Flash point _ °C No data available  °F No data available
Autoignition temperature °C No data available  °F No data available
Oxidizing properties No information available
Water solubility No data available

Stability . Stable.

Materials to avoid No information available

Hazardous decomposition No information available

products

Polymerization Hazardous polymerisation does not occur.

Acute toxicity

Principle Routes of Exposure/
Potential Health effects

Eyes No information available
Skin No information available
Inhalation No information available
Ingestion No information available
Specific effects
Carcinogenic effects No information available
Mutagenic effects No information available
Reproductive toxicity No information available
Sensitization No information available
Target Organ Effects No information available

Ecotoxicity effects No information available.
Mobility No information available.
Biodegradation Inherently biodegradable.
Bioaccumulation Does not bioaccumulate.

Dispose of in accordance with local regulations
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IATA

Proper shipping name Not classified as dangerous in the meaning of transport regulations
Hazard Class No information available
Subsidiary Class No information available
Packing group No information available
UN-No ’ No information available

International Inventories

U.S. Federal Regulations

SARA 313
This product is not regulated by SARA.

Clean Air Act, Section 112 Hazardous Air Pollutants (HAPs) (see 40 CFR 61)
This product does not contains HAPs.

U.S. State Requlations

California Proposition 65
This product does not contain chemicals listed under Proposition 65

WHMIS hazard class:
Non-controlled

This product has been classified according to the hazard criteria of the CPR and the MSDS contains all of the information required by
the CPR

This material is sold for research and development purposes only. It is not for any human or animal therapeutic or clinical
diagnostic use. It is not intended for food, drug, household, agricultural, or cosmetic use. An individual technically qualified
to handle potentially hazardous chemicals must supervise the use of this material.

The above information was acquired by diligent search and/or investigation and the recommendations are based on
prudent application of professional judgment. The information shall not be taken as being all inclusive and is to be used
only as a guide. All materials and mixtures may be present unknown hazards and should be used with caution. Since
Invitrogen Corporation cannot control the actual methods, volumies, or conditions of use, the Company shall not be held
liable for any damages or losses resulting from the handling or from contact with the product as described herein. THE
INFORMATION IN THIS MSDS DOES NOT CONSTITUTE A WARRANTY, EXPRESS OR IMPLIED, INCLUDING ANY
IMPLIED WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTCULAR PURPOSE. :

£nd of Safety Data Sheet
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Toluene

E

Section 1 - Chemical Product

Product Family #: » ' PbS Core EviDots
Substance: » » - I core EyiDoté packed in Toluene
Trade Names/Synonyms: ' » o Core EviDots
e e ’ | Matrix: aromatic hydrocarbon
‘Ehemmal Family: ) 1 Nanacrystal: IV-VI semiconductor compound

Section 2 - Composition, Information on Ingredients

Component oASE " ECE | % By Weight

Toluene ' 108-86-3 203:625-9- 29

Lead Suiﬁdé‘ (as nanon%ystal
[ sompound)

1314-87-0 i 215-246-6 54

Section 3 - Hazards Identification

 Hazard Description: , Toxic, Dangerous to the Envi'rénment

| |NFPARatng: Health =2, Fire=3 Reactivity=0,

- Emergency Overview

Galor: B Brovn-Black )

|| Physical Form: Liquid »

‘ Odar: Distinct aromaticodor _ ‘ v
PP Respiratory tract imitation, skin irritation, eye irritation, aspiration hazard, central nefvous
Major Health Hazards: __| system depression, nerve damage.
Physical Hazards: Flammiabie ’

2005-2008 PbS Core EviDots MSDS v1.0
2008 Evident Technologies, Inc. All specifications subject to change without notice
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Potential Health Effects

Inhalation:

’ 'Irntaﬂen nausea, headache, drowsiness, dizziness, disorientation, sleep dlsturbances, lass:
 of coordination, dilated pupils, kidney damage and liver damage

; Ingestiud; v- : L v - of: mcrdmatnor; d”nlated pupﬂs kxdney damage, hver damage aép;ratton hazard '
;Garcmngen Stams | Toluene

NTP: ) No

IARC: , Ne

Section 4 - First Aid Measuras

Saction 5 - Fire Fighting Measures

nhalation: if inhaled, remove to fresh air. If not breathing give artificial
i ! respiration-and seek medicat attention.
o Wash skin with soap and water for at least 15 minutes while
 Skin: Contact: removing contaminated: personal protective equipment,
3 ) clothing and shoes. Seek medical attention if needed.
Eye Contact: | Irrigate eyes for at least 15 minutes. Seek medical attention
Ingestion: If ingested, do-pot induce vomiting, seek medical, aﬁentxon
" immediately: ‘

: Extiﬁguishing- Media:

Dry chemical, carbon dioxide and foam ext’in'gujishef

Fire Fighting: Avoid Intialation of material r combuistion by-products
Flash Point; 39F (4C) (closed cup)
Flammable Limits: 1.2% LEL -7.1% UEL

Autoiggition Point:

| 896 F (480C)

Flammability Class:

Section B - Accidental Release Measures

OSHA Class 1B

Small Spills:

| Absorb with spill.pillow or other non-combustible material,

Collect spilled miaterialin appropriate container for disposal

Section 7 - Handling and Storage

Store ina tightly closed cantainer. Storeina cool dry place.

Page: 2



Section 8 - Engineering Controls & Personal Protective

Equipment

_ Exposure Limits

Toluens

“200ppm OSHATWA PEL

300ppm ceiling OSHA

S0ppm ACGIH TWA (skin)

| 100ppm (375 mg/m3 ) NIOSH TWA 10hour
' 180mgim3 DFG MAK

S0ppm (191 mg/m3 ) UK OES TwA

Ventiliation:

| Provide local exhaust ventilation system or work in a chemi-
-cal fume hood, Considerations should be.made forthe'use
-af non=sparking or intrinsically-safe ventilation systems arid

ent. Ensure compliance with:applicable exposure-fimits.

equipment if éxplosive cong ntrations: of matérial.are pres-

Eye-Protection:

| Wear safety glasses with side shields:as a m
. protection: If splash or splatter is possible, weat cherical/

 Spldsh resistant safely goggles. and of face shield, Emer-

“gency eye wash station afid quick-drenth shower should. be

1 guidelines:

provided i the imimediate work area as per thg ANSI 23581

Clothing:

Wear ap"p;qp[_iate wgmipai resistant clothing.

1 Glaves:

 Wear appropriate chemical resistant gloves for type of expo- |

_toluene exposure)

sure. {polyvinyl aleohol; Teflon™ anid Viton™ are resistant to-

Respirator:

breathing apparatus or supplied air with escape bottle.,

Refer to 20CFR1910.134 for selection of appropriate
respiratory protection, Orgariic:vapor cartridge with a %
ot full face: mask, wheére toluene vagors. do: not exceed:the
assigned protection factor for the respirator. For urknown
concentrations or. IDLH. atmospheres wear self-contagined

Section 9 - Physical & Ghemical Properties

Physical State:

_ lead Sulfide Core EviDots in Toluene |

tiquid B
Color: 'Bmwn-Blackm »
Odor: distinct aromatic odor
‘Odor Thré‘sih'old:: ~10-15 ppm o
 Molecular Weight: 92.14 (toluene):MW of P6S EviDots N/A
Bailing Paint: 232F (111 C) | ‘
Freezing Point; |-138F o5y
Vapor Pressure: 22mmHg @20¢
! Vapar Density ( air=1 ) 3.14
-Specific Gfavity (water=1): |0.8669

pH:

No data avaﬂable

2005-2008 - PbS Core EviDots MSDS v1.0

© 2008 Evident Technologies, Inc. All specifications subject to change without notice
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Saction 10 - Reactivity

Stability: | Stable-at standard lemperatures and pressure.

Conditions to avoid: ) | Avoid heat, sparks and otner sources of igrifion.

B ' ' ' “Incompatible with oxidizing materials, halogens, acids, com- |
Incompatible ‘bustible materials and-metal salts ‘
Hazards Decompusition: N _Combustion produces foxit by-products:

Polymerization: ‘ -~ Wilknot polymenize. o

Section 11 - Toxicological Information

~ . _ Toluene }

itation Data: 300 ppr eyes-human; 435 mg skin-rabbit mild; 500 g, skin-rabbit moderate; 20mgl24hours

i r | skin-rabbit moderate o

'  719ullkg oral-man LDLo; 50 mg/kg oral-human LDLO; 200 pprm inhalation-human TCLo; 100
ppm inhalation-man TCLo; 636 mg/kg oral-rat LDSO; 49 gmim3/4 hours inhatation-rat LCS0;
Toxicity Data: 1332 mgfkg intraperitoneal-rat LD50; 1960 mgrkg intravenous-rat LD50; 6900 mg/kg unre-

) S ported-rat LD50; 400 ppm/24hours inbal ation-mouse:LC50; 59 mg/kg intraperitoneal-mouse
1.D50; 2250 mg/kg subcitaneous-mouse LD50; 2gmikg aneported-mouse LD50; 14100ultkg
skiri-rabbit LD50; 130mg/kg intravenous-rabbit LDLo; 1600 ppm inhalation-guinea pig LCLo

fLugglféffects‘;_ T | Initant, inhalation, skin, eye
Slightly "‘ﬁlxic:» _ 'lnﬁal-ation & dérimal -abé‘bfpﬁqn
Maderately Toxic: Ingestion S
Target Drba:ns: _Nérqus system

, “To the best of our knowledge the acute and chronic toxicity of this substarice is not fully
Additional Toxicol agical ‘:knd\‘m. Zing S‘elenid'g, inthe fqm} of atnanggrystai may of may not present the same heaith

nfarmation: ‘hazards asa larger zinc.or selenium containing molecules. tis therefore encouraged:to
1im . use caution when handling this product as its toxicity and modes of exposure are nat well
charactérized or understood.

Section 12 - Ecological Information
Do not altow material to be released to the ervitonmient (ground; ait or water bodies) withotit proper

permits. Relatively non-persistant in the environment. Accumulates very little in the bodies of living
organisms.

Section 13 - Transportation l‘ﬂi_armaa:tian

U:s. DOt o B ‘ . Class 3 packing group I, UN1294

Bfanadian Tranqu;_taﬁon of Dahggmus Goods: ' UN 1294 .cxa;s_ 3 k

Land Transport ADR/RI: UN1294, Class 3, Class Code F1, Pack group I
A Transport IATA/ICAQ: N " | un1294, Class or Division 3. pack group Il
Exceptions: - 49 CFR 173.4

2005-2008 - PbS Core EviDots MSPS v1.0
© 2008 Evident Technologies, Inc. All specifications subject to change withoutnotice
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Section 14 - Disposal

U.S. EPA 40:CFR 262: Hazardous Waste Number: DOO1 (Flammabie), 8220 (toluene)
Disposéin‘accordance with all applicable Iocal; state and federalregulations.

Section 15 - Regulatory Information

- US Regulations

Totuene
CERCLA: 1000 Lbs RQ
SARATitle lfl, sec. 302, 304: Not régulated
SARA Title 1Il, Section 311/312

Acute; Yes
Chronic; Yes
: FirezNo

; Reactive: No
Sudden Release: No
US Inventory (TSCA) listed: Yes

Ganadian Reguiations

WHMIS Classification: Not available

\ Eurogean Regulatins
' ECClassification:
F Highly Flammable
Xn-Harmful

EC Risk Phrases
R11,R20,52, 516,525, 529,533

Section 16 - Other Information

The above information is believed to be correct but does not purport to be all inclusive and shall
be used only as a guide. Evident Technologies shall not be held liable for any:-damage resulting
from handling or from contact with the above product; See packing slip for additional terms and
«conditions-of sale,

Revision Date: 9/16/2008
Creation Date: 1277/2004

45 Ferry Street v
Troy. New York 12180 |

Nl ® ;
S phone: (518) 273-6265 |
;o ::::3 e v l e n ‘ fax: (518) 273-6267 |
i #»‘.'. Iy k. :

: TECHNOLOGIES | http:/fwww. evidenttech. corn

2005-2008 - PbS Core EviDots MSDSv1.0
© 2008 Evident Technologies, Inc. All specifications subject to change without notice
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é@invitrogen Molecular Probes®

invitrogen detection technologies

Qdot® Streptavidin Conjugates

Table 1. Contents and storage information.

M’atgriél-;f ﬁ Amount W C‘;i“néenfr’atioh » e ‘Storage: - ‘ Lo Sfability’;': .

1 uM solution in 1M

Qdot® streptavidin 200 uL or | betaine, 50 mM borate, . 2-6°C When stored as directed, product
conjugate 50 pL pH 8.3 with 0.05% sodium | « Do not freeze is stable for at least 6 months.
' azide*

*Betaine acts as a cryoprotectant during shipping and does not affect the fluorescence of Qdot“ con;ugates

Approx1mate ﬂuorescence'excxtatlonlemlsswn maxnma. See Flgure 3.

Introduction

Structure of

Qdot® Nanocrystals The Qdot” streptavidin conjugate is made from a nanometer-scale crystal of a semiconductor
material (CdSe), which is coated with an additional semiconductor shell (ZnS) to improve
the optical properties of the material. These materials have a narrow, symmetric emission
spectrum with the emission maximum near 525 nm (Q10141MP), 565 nm (Q10131MP),
585 nm (Q10111MP), 605 nm (Q10101MP), 625 nm (A10196), 655 nm (Q10121MP), 705
nm (Q10161MP), or 800 nm (Q10171MP). The Qdot® 705 and Qdot® 800 streptavidin
conjugates, which include CdSeTe, are made in a similar fashion. This core-shell material
(Figure 1A) is further coated with a polymer shell that allows the materials to be conjugated
to biological molecules and to retain their optical properties. This polymer shell is directly
coupled to streptavidin (Figure 1B). The Qdot® streptavidin conjugate is the size of a large
macromolecule or protein (~15-20 nm).

A

Core

Shell

Polymer
coating

Biomolecule

15-20 nm

Figure 1. A. Transmission electron microscope image of core-shell Qdot® nanoparticles at 200,000x magpnification. Scale
bar = 20 nm. B. Schematic of the overall structure of a Qdot® streptavidin conjugate. The layers represent the distinct
structural elements of the Qdot® nanocrystal conjugates, and are roughly to scale.

Revised: 12-September-2007 l MP 19000



Optical Properties

Biological Activity

Spectral Characteristics

The optical properties of Qdot® conjugates are different than those of typical dye molecules.
The color of light that the Qdot® nanocrystal emits is strongly dependent on the particle
size, creating a common platform of labels from the green to the red, all manufactured
from the same underlying semiconductor material (see Bibliography, references 1-11 in the

Appendizx). The size of Qdot® nanocrystals are tightly controlled in the production process,

resulting in materials with narrow and symmetric emission spectra, that are extremely
bright and photostable. While the fluorescence emission from the Qdot® 705 and Qdot®

800 streptavidin conjugates are broader than the other Qdot® conjugates, the fluorophores
have similar intensities and photostabilities. Note that the 705 and 800 nm quantum dot
emission cannot be seen by eye, but is easily detected by many cameras and detectors. These
properties are exploited in a variety of immunofluorescence techniques, and can result in
substantially better results than are attainable with conventional immunofluorescent labels
(see Bibliography, references 12—18). Though these materials are compatible with a number
of standard immunofluorescent techniques, there are some novel aspects of their chemistry
and detection that require careful consideration to attain optimal assay results.

The surface chemistry dictates many of the important properties of the Qdot® nanocrystal in
a biological experiment. The surface has been prepared to have a low nonspecific signal when
incubated with samples in a variety of aqueous buffers. Qdot® nanocrystals have been coupled
to streptavidin directly through an active ester coupling reaction.” This yields a material

with streptavidin covalently attached on the surface (typically 5-10 streptavidins/Qdot® con-
jugate), which results in Qdot® streptavidin conjugates with high specific biological activity.
The probes should generally be used as if there were one streptavidin per Qdot® nanocrystal.
Though one quantum dot is capable of bridging multiple antigens through a biotinylated IgG,
the dominant binding mode is one Qdot® conjugate per analyte if the assay is carried out at a
saturating concentration. (Figure 2.)

Low Qdot® conjugate ! High Qdot® conjugate
concentration | concentration

Figure 2. Impact of working at the appropriate concentration range for Qdot® streptavidin conjugates. Due to the
multivalency of the conjugates, use of conditions below the appropriate saturation concentration may result in artificially
reduced signals due to antigen bridging with a single quantum dot conjugate.

Typical fluorescent dyes have excitation and emission spectra with a relatively small Stokes
shift, which means that the optimal excitation wavelength is close to the emission peak.
Filter sets used with fluorescent dyes reflect this characteristic.”® Qdot® nanocrystals have
absorbance spectra that increase dramatically to the blue of the emission (Figure 3). These
unique spectral properties are due to the semiconductor that makes up the core of the Qdot”
conjugates, which gives rise to both the absorbance and emission properties of the materials
(see Bibliography, references 1-11). Despite the broad absorbance, the emission wavelength
is independent of the excitation wavelength; so whether exciting at 633 nm or at 400 nm,
the shape of the emission remains the same, while the intensity is approximately 11-fold

Qdot® Streptavidin Conjugates | 2



Optical Filter Selection

higher with 400 nm excitation. The absorbance and excitation at shorter wavelength, with
fixed emission for the material results in a large “apparent Stokes shift” which improves
sensitivity by reducing auto-fluorescence, and greatly simplifies the multiplexed detection of
several Qdot® conjugates. See Appendix 3 for extinction coefficients at common excitation
wavelengths of the different materials.

L

500,000

0 T ™ T ? Y Y T T u
400 450 500 550 600 650 700 750 800 850 900

— 5,000,000 -

- 5 8 —— excitation

£ 4,500,000 - ===~ emission

[v]

W‘E 4,000,000 - 1. Qdot’ 525 conjugate
= 3,500,000 A 2. Qdot’ 565 conjugate
S 3,000,000 - 3.Qdot’ 585 conjugate
E 2,500,000 - 4. Qdot’ 605 conjugate
8 2,000,000 - _8_\ 5. Qdot: 625 conj:ugate
g 1,500,000 4 \“ 6.Qdot’ 655 conjugate
o N 7.Qdot" 705 conjugate
= 1,000,000 - N N A

] . 8. Qdot’ 800 conjugate
c

=

s

Wavelength (nm)

Figure 3.Typical absorption and emission spectra of Qdot® 525 streptavidin conjugate (1), Qdot® 565 streptavidin conjugate
(2), Qdot® 585 streptavidin conjugate (3), Qdot® 605 streptavidin conjugate (4), Qdot® 625 streptavidin conjugate (5), Qdot®
655 streptavidin conjugate (6), Qdot® 705 streptavidin conjugate (7), Qdot® 800 streptavidin conjugate (8).

To achieve the optimal signal from Qdot® streptavidin conjugates, we recommend using
Qdot® optimized filter sets that are available from Omega Optical, Semrock, or Chroma
Technology Corporation (see Appendix 2 for details).

The Qdot® streptavidin conjugate can also be viewed through some standard filter sets,

1.2

1.0

0.8

0.6

0.4

Relative intensity

0.2 +

Recommended Cy3
Qdot® set

Texas Red®
Filter sets

Figure 4. Detection of Qdot® conjugates on tissue sections with recommended and standard filter sets. Mouse kidney
sections were stained with Qdot® 605 streptavidin conjugate, and then images were collected ona Nikon epi-fluorescence
microscope in 16 bit capture mode. The mean fluorescence of positively stained samples was extracted using Scion Image
software. The recommended Qdot® filter set included a 460 nm short pass exciter, a 475 nm dichroic, and a 605/20 nm
band pass emitter. The Cy3 filter set included a 545/30 nm exciter, a 570 nm dichroic, and a 610/75 nm emitter. The Texas
Red?® filter set included a 560/40 nm exciter, a 595 nm dichroic, and a 630/60 nm emitter.

Qdot® Streptavidin Conjugates I 3



Before You Begin

albeit with lower detection efficiency and reduced brightness. For example, three Omega
Optical standard filter sets capable of detecting Qdot® 705 conjugates are XF140-2 (Alexa
Fluor® 633 & Alexa Fluor® 647), XF70 (Alexa Fluor® 660 & Cy5), and XF141-2 (Cy5.5).
Visualization of Qdot® conjugates using a custom filter set is preferred because excitation
and detection is less efficient using filters that have not been selected specifically for use
with Qdot° conjugates. Using a custom filter set, Qdot® 605 streptavidin conjugate signal is
approximately five times as bright as it is using the TRITC filter set, and approximately ten
times brighter than it is using the Texas Red®/Cy3.5 filter set (Figure 4). Qdot® optimal filters
and standard filter sets are available from many different filter manufacturers. Appendix

2 illustrates some common filter sets and the optimal filter set recommendations for the
available Qdot® streptavidin conjugates. Use of the optimal filter set is critical for attaining
optimal signal and sensitivity in your experiments. For detailed technical notes and examples
of how to set up specific instruments to detect Qdot® conjugates optimally, visit www.
invitrogen.com.

General Considerations

Qdot® nanocrystals have chemical and optical properties that provide significant advantages
over conventional fluorophores in both sensitivity and stability in immunofluorescent labeling
of cells and tissue sections. We have conjugated streptavidin to Qdot® nanocrystals to allow
use of the materials in a wide variety of labeling applications. Biotinylated antibodies can be
obtained or easily prepared using available reagents without substantial disruption of the
specificity or affinity of the native antibody. These antibodies can be specifically bound to
the biological specimen and then detected through a second round of staining with a Qdot®
streptavidin conjugate.

Note: The 705 and 800 nm emission cannot be seen by eye, but is easily detected by
many cameras and detectors.

Buffer compatibility

The Qdot” streptavidin conjugates have stable emission in a number of distinct buffers, across
a range of pH conditions. At working concentrations, the quantum yield and colloidal disper-
sion of these materials has been found to be remarkably stable across pH 6-9 (not investigat-
ed outside this range) in Tris, HEPES, phosphate, and borate buffers. The Qdot” streptavidin
conjugates are stable and non-aggregated in buffered NaCl up to 200 mM at working concen-
trations. Higher salt concentrations result in microscopic aggregates, but do not appear to
cause bulk precipitation of the materials at working dilutions. In addition, a number of sur-
factants and additives such as Tween 20, Triton® X-100, Pluronic F68, NDSB 201, and EDTA,
among others have been shown to maintain the fluorescence when used at 0.05% concentra-
tion. In contrast, gelatin and dextran sulfate were found to promote aggregation of the Qdot®
605 streptavidin conjugate at 0.05% concentration, and should be avoided in labeling applica-
tions. In general, we recommend storage of Qdot® conjugates at the concentration at which it
is shipped, rather than at a high dilution. Storage of Qdot® conjugates at working dilution over
longer periods of time may result in substantial performance degradation. While we have not
characterized the stability of all Qdot® streptavidin conjugates in all of these conditions, we
anticipate similar levels of stability across the range of product colors.

Controls

If you are using the Qdot® conjugates or the labeling protocol for the first time, we
recommend including a positive labeling control. For example, an optional control for
Qdot® goat-anti-mouse secondary antibodies is anti-OxPhos Complex V Inhibitor Protein
(Invitrogen Cat. no. A21355) which targets mitochondria. Other antibodies used in the
optimization of this protocol and suitable as positive controls include: rabbit-anti-giantin

Qdot® Streptavidin Conjugates | 4



Disposal of Qdot® Conjugate

Materials Required
but Not Provided

(Covance, Cat. no. PRB-114C), rabbit anti-AIF (Cell Signaling, Cat. no. 4642), mouse anti-
ki-67 (Ventana Medical Systems, Cat. no. 790-2910), mouse anti-alpha tubulin (Sigma, Cat.
no. T6074), rabbit anti-alpha tubulin (Affinity Bioreagents, Cat. no. PA1-20988), mouse anti-
nucleosome (BD Pharmingen, Cat. no. 51-80591N), and mouse anti-nucleolin (Invitrogen,
Cat. no. 39-6400; Stressgen, Cat. no. KAM-CP100).

Antigen labeling with Qdot® conjugates

Detecting cellular targets with Qdot” streptavidin conjugates can be performed individually
by using a single Qdot® streptavidin conjugate with one primary antibody, or multiplexed by
using a combination of primary antibodies and various Qdot® nanocrystal colors. Golgi, tubu-
lin, mitochondrial, peroxisome, nucleolin, nucleosome, and ki-67 targets have been validated
with this labeling protocol (for a complete list of primary antibodies validated, see above).
Other targets and cell lines, however, may require further optimization of this protocol. For
example, reducing the fixation time may improve cell penetration and conjugate access for
some targets as may increasing the concentration of permeabilization reagent or incubation
time with the permeabilization buffer.

Qdot® nanocrystal toxicity

‘We have not investigated the toxicity of the Qdot’ streptavidin conjugate. The materials are
provided in a solution which is ~2 mM total Cd concentration; however, the CdSe core is en-
capsulated in a shell of ZnS and the polymer shell, which may help prevent formation of free
Cd. We have demonstrated the utility of these materials in a variety of live-cell in vitro label-
ing experiments, but do not have systematic data on the toxicity of the materials to humans,
to animals, or to cells in culture.

FRET or close-proximity quenching

We have not systematically investigated the energy transfer properties of the Qdot*
nanocrystals, though they may have useful properties as energy transfer donors and
acceptors. We have investigated the fluorescence of Qdot® 605 streptavidin conjugates which
are coupled to each other through a bis-biotin linker, and found that the emission intensity
of the materials was unperturbed at any concentration of biotin cross-linker. These results
suggest that the interparticle quenching of these Qdot® conjugates is negligible. Recent
published literature indicates that Qdot® nanocrystals can be used as energy acceptors in
time-resolved FRET (TR-FRET) studies.?

The Qdot” conjugate contains cadmium and selenium in an inorganic crystalline form.
Dispose of the material in compliance with all applicable local, state, and federal regulations
for disposal of these classes of material. For more information on the composition of these
materials, consult the Material Safety Data Sheet.

+ 10X PBS, pH 7.4 (phosphate buffered saline, Invitrogen Cat. no. 70011-044)
» Fixative: 4% formaldehyde in PBS

+ Permeabilization buffer: 0.25% Triton® X-100 in PBS

» Wash buffer: 1X PBS, pH 7.4

+ Endogenous Biotin Blocking Kit (Invitrogen Cat. no. E21390)

-« Blocking buffer: 6% BSA (bovine serum albumin) and 10% normal serum in PBS

« Primary antibody, biotinylated primary antibody, or other biotinylated protein
+ Biotinylated secondary antibody if using non-biotinylated primary antibody
» Secondary incubation buffer: 6% BSA in PBS

o Dehydration solutions: Prepare in containers suitable for a dehydration series ethanol/wa-
ter dilutions (v/v) of 30%, 50%, 70%, and 90%, as well as 100% ethanol and 100% toluene

 Mounting reagent: Cytoseal™ 60 (Richard-Allan Scientific, Cat. no. 8310-16) is recom-
mended
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Preparing Solutions

Preparing Qdot® Streptavidin
Conjugate

1.1

The amount of solutions prepared as described below is sufficient to process approximately
20 coverslips.

Fixative: 4% formaldehyde in PBS

Prepare 40 mL of fixative fresh by combining 10 mL of formaldehyde (ultrapure, methanol-
free, 16% formaldehyde solution, Polysciences, Inc. Cat. no. 18814) and 4 mL of 10X PBS, pH
7.4 (Invitrogen Cat. no. 70011-044) with 26 mL of distilled water. Mix well.

Permeabilization buffer: 0.25% Triton® X-100 in PBS
Prepare 40 mL of Permeabilization buffer by adding 100 pL of Triton® X-100 (Sigma, Cat. no.

T9284) to 40 mL of 1X PBS. Stir until the Triton® X-100 goes into solution. Store any remain-
ing Permeabilization buffer at 4°C for up to a week.

Wash buffer: 1X PBS, pH 7.4

Prepare 2 L of 1X PBS by combining 200 mL of 10X PBS, pH 7.4 (Invitrogen Cat. no. 70011-
044) and 1.8 L of distilled water. Mix well.

Blocking buffer: 6% BSA/10% normal serum in PBS

To prepare 50 mL Blocking buffer, add 3 g of BSA (RIA grade, Fraction V, minimum 96%,
Sigma Cat. no. A-7888), 5 mL of normal serum from the host species of the secondary anti-
body (preferably heat inactivated at 56°C for 1 hour), and 5 mL of 10X PBS, pH 7.4 to 40 mL
distilled water. Mix well until the BSA is completely dissolved and adjust the volume to 50 mL
with distilled water. Mix well with gentle rocking or stirring. If storing the blocking buffer,
add sodium azide to a final concentration of 0.02% and store at 4°C.

Note: Avoid using blocking buffers with casein as casein can cause quenching of Qdot®
conjugates. '

Primary antibody, biotinylated primary antibody, or other biotinylated protein

Dilute the primary antibody, biotinylated primary antibody, or other biotinylated protein in
Blocking buffer at the concentration recommended by the manufacturer.

Note: Briefly centrifuge the primary antibody prior to use. You may need to titrate the
primary antibody concentration in preliminary experiments to achieve optimal target
labeling.

Biotinylated secondary antibody (required if using non-biotinylated primary antibody)

Dilute the biotinylated secondary antibody in Blocking buffer at the concentration
recommended by the manufacturer.

Secondary incubation buffer: 6% BSA in PBS

To prepare 50 mL Secondary incubation buffer, add 3 g of BSA (RIA grade, Fraction 'V,
minimum 96%, Sigma Cat. no. A-7888) and 5 mL of 10X PBS, pH 7.4 to 40 mL of distilled
water. Mix well until BSA is completely dissolved and adjust the final volume to 50 mL with
distilled water. Mix well with gentle rocking or stirring. If storing the Secondary incubation
buffer, add sodium azide to a final concentration of 0.02% and store at 4°C.

Dehydration solutions

Prepare in containers suitable for a dehydration series with ethanol/water dilutions (v/v) of
30%, 50%, 70%, and 90%, as well as 100% ethanol and 100% toluene.

Do not vortex the Qdot’® streptavidin conjugate vial. Prepare the required amount of the
diluted Qdot® streptavidin conjugate needed for the experiment on the day of use. You will
need 40-200 pL Qdot” streptavidin conjugate per coverslip depending on your protocol and
the type of humidity chamber you use.

Centrifuge the Qdot® streptavidin conjugate vial at 5000 x g for 3 minutes prior to use. Use
only the supernatant and discard any pellet.

Qdot® Streptavidin Conjugates | 6



Preparing Cells

1.2

1.3

Experimental Protocols

Dilute the conjugate by adding 2 uL of the stock (1 uM) conjugate to 100 pL Secondary
incubation buffer immediately prior to use to obtain the Qdot” streptavidin conjugate
concentration of 20 nM (you may use between 10 nM and 40 nM Qdot® streptavidin
conjugate final concentration).

Use the diluted Qdot® streptavidin conjugate immediately for the current experiment. Do not
store any diluted Qdot® streptavidin conjugate.

Culture cells in the appropriate medium to the desired confluency and physiological state
(typically 1-2 days for HeLa cells). Make sure the cells are below 80% confluency at the time
of fixation, depending on experimental requirements and the imaging method.

Cell Labeling Protocol

2.1
2.2

2.3

2.4

2.5

Please read entire protocol before starting.

This protocol was validated with HeLa and NIH 3T3 cells, but can be adapted for any
adherent mammalian cell types. For tissue labeling protocols, refer to the Qdot® Conjugates
Protocol Handbook (mp19029) available for downloading from www.invitrogen.com.
Perform all steps of the procedure at room temperature. For a flowchart of the labeling

protocol, see Figure 5.

The optimal signal-to-background ratio is obtained from an assay that has been optimized
with respect to all of the probe concentrations. Excess concentrations of the primary or
secondary antibodies can cause increases in background staining. The optimal concentrations
of these reagents can be determined by testing the signal-to-background ratio of control and
positive samples that are treated with a dilution series of each antibody, and then stained
under typical conditions.

Fixation and Permeabilization
Rinse cells briefly in 1X PBS prewarmed to 37°C.

Fix cells in Fixative for 15 minutes. Pour off or aspirate the solution.

Wash cells 3 times with 1X PBS. If cells are grown on coverslips in a large dish (i.e., 100 mm
petri dish), add sufficient volume of 1X PBS to completely cover the specimen (~5 mL for

a 100 mm petri dish), swirl gently, pour off or aspirate the solution and repeat. If cells are
grown on coverslips in a smaller container (i.e., 6-well plate), wash cells 3 times for 5 minutes
each by adding enough 1X PBS to completely cover the specimen. After 5 minutes, pour off
or aspirate the solution.

Permeabilize the specimen with Permeabilization buffer for 15 minutes. Pour off or aspirate
the solution.

Repeat step 2.3.

Note: Changing fixation or permeabilization times, or reagent concentrations may be needed
for achieving labeling of certain targets.

Target Labeling and Detection

All incubations are performed in a humidity chamber at room temperature (see Note, below).
Avoid specimen drying as this can cause high levels of non-specific background and autofluo-
rescence. At the end of each step, carefully remove or blot excess solution from the sample
before moving to the next step.

Note: A simple humidity chamber prevents labeling reagent concentration changes due to
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2.6

2.7

2.8

2.9

2.10

2.11

2,12

2.13

2.14

Imaging Guidelines

evaporation during incubations. To make a simple humidity chamber, place a piece of filter
paper in a Petri dish and saturate the filter paper with water. Place a piece of laboratory film
on the filter paper and place the coverslip with the solution on the laboratory film. During in-
cubations, place a lid on the Petri dish. Gentle agitation during incubation steps is optional.

Perform blocking of endogenous biotin with the Endogenous Biotin Blocking Kit (Invitrogen,
Cat. no. E21390) as follows. The kit contains two reagents supplied in a ready-to-use format.

a) Incubate in Component A for 30 minutes.

b) Wash 3.times with 1X PBS for 5 minutes each.

c) Incubate in Component B for 30 minutes.

d) Wash 3 times with 1X PBS for 5 minutes each.

Add Blocking buffer and incubate for 1 hour. Pour off or aspirate the blocking buffer.

Incubate for 1 hour with primary antibody, biotinylated primary antibody, or other biotinyl-
ated protein, diluted in blocking buffer. Pour off or aspirate the solution.

Al

Wash 3 times with 1X PBS for 5 minutes each.

Note: If using a biotinylated secondary antibody, repeat step 2.8 with the biotinylated anti-
body and perform wash step 2.9 before proceeding to the next step.

Incubate for 1 hour with Qdot® streptavidin conjugate, diluted to an optimal concentration
(titrate between 10 nM and 40 nM for optimal results) in secondary incubation buffer. Pour
off or aspirate the solution.

Wash 3 times with 1X PBS for 5 minutes each.

Optional: If counterstaining is necessary, most counterstain procedures may be performed at
this point, followed by necessary wash steps.

Note: UV excitation of DAPI (Invitrogen, Cat. no.D1306) resulting in emission around

600 nm has been observed, and may not be appropriate for use with all Qdot® nanocrystals.
Several other nuclear counterstain options are available in a kit form with optimized proto-
cols for use with Qdot® conjugates such as SelectFX® Nuclear Labeling Kit (Invitrogen, Cat.
no. $33025), SYTOX® Green nucleic acid stain (Invitrogen, Cat. no. S7020), 7-aminoacti-
nomycin D (7-AAD) (Invitrogen, Cat. no. A1310), propidium iodide (Invitrogen, Cat. no.
P3566), and TO-PRO"-3 iodide (Invitrogen, Cat. no. T3605).

Dehydrate the specimen by submerging the coverslip sequentially for 5 seconds in 30%, 50%,
70%, and 90% ethanol/water, twice in 100% ethanol, once in 100% toluene, and the final dip in
100% toluene for 10 seconds.

When transferring the coverslip from the last toluene wash to the mounting medium, blot
any excess toluene with a laboratory wipe, but allow a sheen of toluene to remain on the
coverslip surface. Do not allow the residual toluene on the coverslip to completely evaporate
prior to mounting, as this can lead to cell morphology damage and/or high background.

Mount using one drop of Cytoseal™ 60 and allow the specimen to cure at least 4 hours before
imaging. For optimal performance, image within 24 hours.

For optimal imaging of Qdot”® streptavidin conjugates, including reduced spectral
bleedthrough effects in multi-color applications, use filter sets optimized for the excitation
and emission of the Qdot® conjugates in use. These filters are available from Omega Optical,
Semrock, or Chroma Technology Corporation (see Appendix 2 for details). For additional
information, visit probes.invitrogen.com/products/qdot.
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( Rinse cells briefly in 1X PBS prewarmed to 37°C J

|

( Fix with 4% formaldehyde in PBS, 15 min J
[ Wash 3 times for 5 min in X PBS J

|

LPermeabilize with 0.25% Triton™ X-100 in PBS, 15 min )

}

( Wash 3 times for 5 min in TXPBS J

}

( Endogenous biotin blocking procedure, with washes ]

}

Incubate with primary antibody or biotinylated
protein in blocking buffer, 60 min

|

( Wash 3 times for 5 min in 1X PBS '

Optional: incubate with biotinylated secondary
antibody in blocking buffer, 60 min

|

( Wash 3 times for 5 min in 1X PBS J

!

Incubate with Qdot" streptavidin conjugate in
6% BSA, 60 min

|

( Wash 3 times for 5 min in 1X PBS J

|

( Optional: perform counterstaining, with washes J

Dehydration ¢
30% 50% 70% 90% 100% 100% 100% 100%
( ethanol J ( ethanol) ( ethanol ) ( ethanol ] > ( ethanol ) > [ ethanol) > ( toluene ] > [ toluene ]
5sec 5sec 5sec ¢ 5sec 5sec 5sec 10sec
[ Mount in Cytoseal™ 60 J

i =4 hours
L Image within 24 hours J

Figure 5. Cell labeling flowchart.
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Appendix 1: Troubleshooting Guide

No Signal

High Background

The properties of Qdot® conjugates are different from fluorescent dyes and may require slight
modifications to current protocols. We've included this section to help with some specific
issues that may arise while using these materials.

Setup suitability

Make sure that you are using an appropriate filter set to detect the signals. See Appendix
2 for a list of appropriate and optimal filters for the Qdot® conjugates. Contact Technical
Support (probestech@invitrogen.com) for more details on particular filter set requirements.

Qdot® conjugate luminosity

Qdot°® conjugates normally fluoresce brightly under a hand-held ultraviolet lamp (long wave,
such as the type used to visualize ethidium bromide on agarose gels). The 705 and 800 nm
quantum dot emission cannot be seen by eye, but is detected by many cameras and detectors.
Though we have not seen pronounced loss of fluorescence of these materials under any stor-
age conditions that we have investigated, we have not been able to examine all storage condi-
tions. If the Qdot”® streptavidin conjugates do not appear to fluoresce under the long wave UV
excitation, contact Technical Support (probestech@invitrogen.com) for assistance.

Specificity and titer of primary antibody

Make sure the antibody recognizes the intended targets and that there is sufficient primary
antibody bound to the targets. This verification can be performed by ELISA based capture of
the antigen of interest, or by other techniques that can be found in lab manuals such as the
Current Protocols in Immunology.*

Biotinylation of antibody

Make sure your antibodies (the primary antibodies for two-layer and the secondary
antibodies for three-layer detection) are effectively biotinylated. It may be necessary to
independently adjust the concentration of the primary and secondary antibodies used in the
assay to obtain optimal signal and minimal background.

High level of endogenous biotin

Increasing blocking times for the Endogenous Biotin Blocking Kit (Invitrogen Cat. no.
E21390) steps may help reduce background due to endogenous biotin.

BSA lot variability

BSA used in the blocking buffer can vary by lot and producer. If unacceptable background
is observed, re-optimization of blocking conditions may be required for best results when
substituting alternate sources for BSA.

Antibody and Qdot® conjugate concentration optimization

Adjusting the level of biotinylated antibody for the staining can often be used to optimize the
specific signal. High levels of biotinylated antibody maybe necessary to obtain the specific
labeling, but overly high levels contribute to the nonspecific binding of the antibody to the
sample. Nonspecifically bound biotinylated antibody will bind to the Qdot® streptavidin
conjugate, resulting in higher background staining.
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Appendix 2: Optimal Usable Filter Sets for Qdot® Conjugates

Table 2. Omega Optical filter set for Qdot® streptavidin conjugates.

" Color Optimalfiltersets “.Usablefilter sets
®
XF391 Qdot®525 filter set XF100-3,
(Exciter 1: 425DF45 or XF100-2
525 Exciter 2: 415WB100/ XF115-2.
Dichroic: 475DCLP XF89-2 !
Emitter: 525WB20)
XF302 Qdot® 565 filter set
(Exciter 1: 425DF45 or
104-2,
565 Exciter 2: 415WB100/ ))§£1 85_2
Dichroic: 475DCLP/
Emitter 565WB20)
XF303 Qdot® 585 filter set
(Exciter: 1 425DF45 or XF101-2,
585 Exciter 2: 415WB100/ XF137-2,
Dichroic: 475DCLP/ XF152-2
Emitter: 585WB20)
XF304 Qdot® 605 filter set
(Exciter 1: 425DF45 or XF108-2,
605 Exciter 2: 415WB100/ XF102-2,
Dichroic: 475DCLP/ XF103-2
Emitter: 605WB20)
®
XF395 Qdot® 655 filter set XF102-2,
(Exciter 1: 425DF45 or XF40-2
655 Exciter 2: 415WB100/ XF42,
Dichroic: 475DCLP/ XF 45'
Emitter: 655WB20)
XF306 Qdot® 705 filter set XF140-2,
(Exciter 1: 425DF45 or XF70,
705* Exciter 2: 415WB100/ XF110-2,
Dichroic: 475DCLP/ XF141-2,
Emitter: 710AF40) XF48-2
XF307 Qdot® 800 filter set XF308 Qdot® 800 filter set for multiplexing
(Exciter 1: 425DF45 or (Exciter 1: 425DF45 or
800 * Exciter 2: 415WB100/ Exciter 2: 415WB100/
Dichroic: 475DCLP/ Dichroic: 475DCLP/
Emitter: 800WB80) Emitter: 840WB80)
XF300 Qdot?® filter set
(Exciter 1: 425DF45 or
Exciter 2: 415WB100/
I XF129-2,
All colorst Dichroic: 475DCLP XF130-2

Emitters: 800WB80, 840WB80, 710AF40,
655WB20, 605WB20, 585WB20, 565WB20,
and 525WB20)

#The 705 and 800 nm quantum dot emission cannot be seen by eye and must be detected with an IR-sensitive detector.
tFor viewing multiple colors of Qdot® nanocrystals through microscope eyepieces.
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Table 3. Semrock filter sets for Qdot® streptavidin conjugates.

Color *

Optimal filter sets

Usable filter sets:

525

Brightline® QD525-A Filter Sets:
QD525-A-000 or QD525-A-000-ZERO
(Exciter: FF01-435/40-25)

(Dichroic: FF510-Di01-25 x 36)
(Emitter: FF01-525/15-25)

GFP-3035B

565

FITC-3504B or YFP-2427A

585

TRITC-A

605

Brightline® QD605-A Filter Sets:
QD605-A-000 or QD605-A-000-ZERO
(Exciter: FF01-435/40-25)

(Dichroic: FF510-Di01-25 x 36)
(Emitter: FF01-605/15-25)

TRITC-A

625

Brightline® QD625-A Filter Sets:
QD625-A-000 or QD625-A-000-ZERO
(Exciter: FFO1-435/40-25)

(Dichroic: FF510-Di01-25 x 36)
(Emitter: FFO1-625/15-25)

Texas Red® (4040B)

655

Brightline® QD655-A Filter Sets:
QD655-A-000 or QD655-A-000-ZERO
(Exciter: FFO1-435/40-25)

(Dichroic: FF510-Di01-25 x 36)
(Emitter: FF01-655/15-25)

Texas Red® (4040B)

705*

Cy5-4040A or Cy5.5-A

800*

Cy7-A

LP multit

QDLP-A Filter Set:
QDLP-A-000

(Exciter: FF01-435/40-25)
(Dichroic: FF510-Di01-25 x 36)
(Emitter: FF01-500/LP-25)

CFW-LPO1-CLINICAL

#The 705 and 800 nm quantum dot emission cannot be seen by eye and must be detected with an IR-sensitive detector.

+For viewing multiple colors of Qdot® nanocrystals through microscope eyepieces.
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Table 4. Chroma Technology filter sets for Qdot® streptavidin conjugates.

Color

Optimal filter sets

Usable filter sets -

525

Qdot® 525 filter set
(20 nm EM; 32006)
(460SPUV/475DCXRU/D525/20nm)
Qdot® 525 filter set
(40 nm EM; 32010)
(460SPUV/475DCXRU/D525/40nm)

FITC/RSGFP/Bodipy®/Fluo-3/DiO (41001), FITC/RSGFP
Longpass (40012), BFP to GFP FRET (31032), BFP to GFP
FRET wide excitation (31034), GFP wide blue excitation
(31054)

565

Qdot® 565 filter set
(20 nm EM; 32005)
(460SPUV/475DCXRU/D565/20nm)
Qdot® 565 filter set
(40 nm EM; 32009)
(460SPUV/475DCXRU/D565/40nm)

Eosin (41011), Cascade Yellow™ (31038), JP2(YGFP with
EGFP-31040, Auramine (31015)

585

Qdot® 585 filter set
(20 nm EM; 32004)
(460SPUV/475DCXRU/D585/20nm)
Qdot® 585 filter set
(40 nm EM; 32008)
(460SPUV/475DCXRU/D585/40nm)

R-PE (41003), Rhodamine LP (41032, FITC/PI (41016)

605

Qdot® 605 filter set
(20 nm EM; 32003)
(460SPUV/475DCXRU/D605/20nm)
Qdot® 605 filter set
(40 nm EM; 32007)
(460SPUV/475DCXRU/D605/40nm)

Cy3 narrow excitation (41007a), Texas Red®/Cy3.5
(31004), TRITC (41002, 410023, 41002b), Ethidium
Bromide (41006)

655

Qdot® 655 filter set
(20 nm EM; 32011)
(460SPUV/475DCXRU/D655/20nm)
Qdot® 655 filter set
(40 nm EM; 32012)
(460SPUV/475DCXRU/D655/40nm)

Texas Red® (41004), Propidium lodide (41005), Fura
Red™ (31012), Chlorophyll (31017), Allophycocyanin
(31006)

705*

Qdot® 705 filter set
(20 nm EM; 32014)
(460SPUV/475DCXRU/D705/20nm)
Qdot® 705 filter set
(40 nm EM; 32015)
(460SPUV/475DCXRU/D705/40nm)

Cy5 Longpass (41024), Cy5 (41008), Cy5 narrow
excitation (41033), Cy5.5 (41023), Alexa Fluor® 680
(41042), Cy5.5 (red-shifted; 41022)

800*

Qdot® 800 filter set
(30 nm EM; 32020)
(460SPUV/475DCXRU/D800/30nm)
Qdot® 800 filter set
(50 nm EM; 32021)
(460SPUV/475DCXRU/D800/50nm)

Cy7 (41009), Li-Cor for IRDye 800 (41037), Cy7 (SP106)

All colorst

Qdot® Mulitiple Emission Set (71014)
(460SPUV, 475DCXRU, D525/20nm,

D605/20nm, D565/20nm, D585/20nm)

UV (11000V2), Blue/Violet (11003V2), UV/Violet
(11011V2)

*The 705 and 800 nm quantum dot emission cannot be seen by eye and must be detected with an IR-sensitive detector.
tFor viewing multiple colors of Qdot® nanocrystals through microscope eyepieces.
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Appendix 3: Extinction Coefficients

Appendix 4: Bibliography

Table 5. Extinction coefficients of Qdot® streptavidin conjugates at common excitation wavelengths.
p jug

Produict 350 nm, 405nm," 488 nm, 532.nm,

o : inem'M" incm'M! incm'MT incm'M"
Qdot® 525 ' .
nanocrystals 710,000 360,000 130,000 Not applicable
Qdot® 565
nanocrystals 1,900,000 1,100,000 290,000 139,000

®
Qdot® 585 3,500,000 2,200,000 530,000 305,000
nanocrystals !

-®
Qdot® 605 4,400,000 2,800,000 . 1,100,000 580,000
nanocrystals

®
Qdot® 625 14,700,000 9,900,000 2,700,000 870,000
nanocrystals

@
Qdot® 655 9,100,000 5,700,000 2,900,000 2,100,000
nanocrystals

®
Qdot® 705 12,900,000 8,300,000 3,000,000 2,100,000
nanocrystals ;

. }
Qdot® 800 12,600,000 8,000,000 3,000,000 2,000,000
nanocrystals

There are a number of references that describe the size-dependent properties of the
semiconductor nanocrystals. These range in complexity from fairly straightforward
descriptions to fairly comprehensive mathematical and physical descriptions of the optical
properties. In addition, we have included some representative references that describe the
core-shell structures, and the improved chemical properties that are obtained through such
structures. References 8—11 describe quantum dots and FRET:

1. Sci Am 285, 66 (2001); 2. ] Phys Chem B 100, 13226 (1996); 3. ] Am Chem Soc 115, 8706
(1993); 4. Phys Rev B 53, 16338 (1996); 5. ] Phys Chem 100, 468 (1996); 6. ] Phys Chem B.
101, 9463 (1997); 7. ] Am Chem Soc 119, 7019 (1997); 8. Nano Lett 1, 469 (2001); 9. J. Am.
Chem. Soc 126, 301 (2004); 10. Nat Mater 2, 630 (2003); 11. Nat Biotechnol 21, 1387 (2003).

A number of references describe the biological properties of some quantum dots used
in experiments. These papers are selected to represent some of the different classes of
applications, but this list is not exhaustive. These materials are all quite different from the

Qdot® conjugates that are sold by Invitrogen, and the results are not necessanly representative
of results attainable with these materials:

12. Science 281, 2013 (1998); 13. Science 281, 2016 (1998); 14. ] Am Chem Soc 124, 4586
(2002); 15. Proc Natl Acad Sci U S A. 99, 12617 (2002); 16. Science 298, 1759 (2002); 17. Nat
Biotechnol 21, 41 (2003); 18. Nat Biotechnol 21, 47 (2003).

Also of interest:
19. Hermanson, GT. Bioconjugate Techniques, Academic Press, 1996; 20. Lakowicz, J.
Principles of Fluorescence Spectroscopy. Kluwer Academic Publishing, 1999; 21. ] Am

Chem Soc 128, 12800 (2006); 22. Colligan et. al. Current Protocols in Immunology. ]. Wiley,
Annually Updated, 2002. '
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Product List current prices may be obtained from our website or from our Customer Service Department.

s

Cat no. Product Name ) ) Unit Size
A10196 Qdot® 625 streptavidin conjugate *1 M SolUtION® . .. ... o i i et 200 pL
Q10101MP  Qdot® 605 streptavidin conjugate *T M SOIULION® . .. ... . oo ittt ettt e e ie i e 200 pL
Q10103MP  Qdot® 605 streptavidin conjugate, starter kit *1°uM solution* e e e 50 pL
Q10111MP  Qdot® 585 streptavidin conjugate *1 pM solution*.............. e 200 L
Q10113MP  Qdot® 585 streptavidin conjugate, starter kit *1 uM solution* 50 pL
Q10121MP  Qdot® 655 streptavidin conjugate *T HM sOIUtION™® ... ... ... ittt et 200 pL
Q10123MP  Qdot® 655 streptavidin conjugate, starter kit *1 uM solution* 50 pL
Q10131MP  Qdot® 565 streptavidin conjugate *T M SOIULION® . ... .. oo . ittt e e eaa s PN 200 pL
Q10133MP  Qdot® 565 streptavidin conjugate, starter kit *1 uM solution* 50 uL
Q10141MP  Qdot® 525 streptavidin conjugate *1 pM solution*............ . e e . s 200 pL
Q10143MP  Qdot® 525 streptavidin conjugate, starter kit *1 uM solution* 50 uL
Q10151MP  Qdot® Streptavidin Sampler Kit *T M SOIULIONS™. . . . ..o oottt et et e e e e ettt e et iee e e eaeeeaanaaaaans 1 kit
Q10161MP  Qdot® 705 streptavidin conjugate *1 UM solution®. ... ... . it iiiiiiee e iaiee e aeeeeaeeaeeee,. 2000
Q10163MP  Qdot® 705 streptavidin conjugate, starter kit *1 pM solution* 50 uL
Q10171MP  Qdot® 800 streptavidin conjugate *T UM SOIUtION® . .. ... .. ittt it e et eaa e 200 pb
Q10173MP  Qdot® 800 streptavidin conjugate, starter kit *1 uM solution* ... e e 50 L
A1310 7-aminoactinomycin D (7-AAD)............ooiiiiiiiiiii et . 1mg
A21355 anti-OxPhos Complex V inhibitor protein, mouse IgG1, monoclonal 5E2 (antl-ATP synthase IP; anti-F1FO-ATPase IP)

*human mitochondrial reaCIVITY™ . ... . o e 100 ug
E21390 Endogenous Biotin-Blocking Kit *100 @S5ays™ ........ . iuiiiii ittt e 1 kit
P3356 Propidium iodide *1.0 mg/mL SOIUtION INWaEer® .. .. ..ottt ittt ettt ee et e eeneeaaennn 10 mL
S33025 SelectFX® Nuclear Labeling Kit *DAPI, SYTOX® Green, 7-AAD, TO-PRO®-3 iodide* *for fixed cells*... 1 kit
$7020 SYTOX® Green nucleic acid stain *5 mM solution in DMSO* 250 b
T3605 TO-PRO®-3 iodide (642/661) *1 MM solution in DMSO* . ... .. i i ittt ittt ea e aa e e eneeeaaas 1mL
39-6400 Mouse anti-NUCIBOIIN L .u et et e e e 100 pg
70011-044  Phosphate-Buffered Saline (PBS), pH 7.4 (10X), liquid . ............ e ettt eee e 500 mL

Contact Information

Molecular Probes, Inc.
29851 Willow Creek Road
Eugene, OR 97402
Phone: (541) 465-8300
Fax: (541) 335-0504

Customer Service:

6:00 am to 4:30 pm (Pacific Time)
Phone: (541) 335-0338

Fax: (541) 335-0305
probesorder@invitrogen.com

Toll-Free Ordering for USA:
Order Phone: (800) 438-2209
Order Fax: (800) 438-0228

Technical Service:

8:00 am to 4:00 pm (Pacific Time)
Phone: (541) 335-0353

Toll-Free (800) 438-2209

Fax: (541) 335-0238
probestech@invitrogen.com

Invitrogen European Headquarters
Invitrogen, Ltd.

3 Fountain Drive

Inchinnan Business Park

Paisley PA4 9RF, UK

Phone: +44 (0) 141 8146100

Fax: +44 (0) 141 814 6260

Email: eurcinfo@invitrogen.com

Technical Services: eurotech@invitrogen.com

Further information on Molecular Probes products, including product bibliographies, is available from your local distributor or directly
from Molecular Probes. Customers in Europe, Africa and the Middle East should contact our office in Paisley, United Kingdom. All others
should contact our Technical Service Department in Eugene, Oregon.

Molecular Probes products are high-quality reagents and materials intended for research purposes only. These products must be used
by, or directly under the supervision of, a technically qualified individual experienced in handling potentially hazardous chemicals. Please
read the Material Safety Data Sheet provided for each product; other regulatory considerations may apply.

Limited Use Label License No. 223: Labeling and Detection Technology

The manufacture, use, sale or import of this product may be subject to one or more patents or pending applications owned or licensed
by Invitrogen Corporation. The purchase of this product conveys to the buyer the non-transferable right to use the purchased amount of
the product and components of the product in research conducted by the buyer (whether the buyer is an academic or for-profit entity)
in a manner consistent with the accompanying product literature. The buyer cannot sell or otherwise transfer (a) this product (b) its
components or (c) materials made using this product or its components to a third party or otherwise use this product or its components
or materials made using this product or its components for Commercial Purposes. The buyer may transfer information or materials made
through the use of this product to a scientific collaborator, provided that such transfer is not for any Commercial Purpose, and that such
collaborator agrees in writing (a) to not transfer such materials to any third party, and (b) to use such transferred materials and/or infor-
mation solely for research and not for Commercial Purposes. Commercial Purposes means any activity by a party for consideration and
may include, but is not limited to: (1) use of the product or its components in manufacturing; (2) use of the product or its components to
provide a service, information, or data; (3) use of the product or its components for therapeutic, diagnostic or prophylactic purposes; or
(4) resale of the product or its components, whether or not such product or its components are resold for use in research. For products
that are subject to multiple limited use label licenses, the most restrictive terms apply. Invitrogen Corporation will not assert a claim
against the buyer of infringement of patents that are owned or controlled by Invitrogen Corporation and/or Molecular Probes, Inc.
which cover this product based upon the manufacture, use or sale of a therapeutic, clinical diagnostic, vaccine or prophylactic product
developed in research by the buyer in which this product or its components was employed, provided that neither this product nor any of
its components was used in the manufacture of such product. If the purchaser is not willing to accept the limitations of this limited use
statement, Invitrogen is willing to accept return of the product with a full refund. For information on purchasing a license to this product
for purposes other than research, contact Molecular Probes, Inc., Business Development, 29851 Willow Creek Road, Eugene, OR 97402,
Tel: (541) 465-8300. Fax: (541) 335-0354.

Several Molecular Probes products and product applications are covered by U.S. and foreign patents and patents pending. All names con-
taining the designation ° are registered with the U.S. Patent and Trademark Office.

Copyright 2007, Molecular Probes, Inc. All rights reserved. This information is subject to change without notice.
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invitrogen detection technologies

Qdot® ITK™ Carboxyl Quantum Dots

Catalog nos. Q21341MP, Q21391MP, Q21331MP, Q21311MP, Q21301MP, A10200, Q21321MP, Q21361MP, Q21371MP

Table 1. Contents and storage information.

Materlal Amount | - Cfbncentratfbii:: | . storage . Stability

When stored as directed the
product is stable for at least
6 months.

Qdot® ITK™ carboxyl
guantum dots

8 uM solution in 50 mM - 2-6°C

250l borate, pH 9.0 « Do not freeze

Approégifﬁate, ﬂubreséence excitation/emission _spectrai See Figure 2.

Introduction

Structure of

Qdot® Nanocrystals Qdot® ITK™ (Innovator’s Tool Kit) carboxyl quantum dots are made from nanometer-
scale crystals of a semiconductor material (CdSe), which are shelled with an additional
semiconductor layer (ZnS) to improve their chemical and optical properties. The Qdot® 705
and Qdot® 800 nanocrystals, which include CdSeTe, are made in a similar fashion. These
materials have narrow, symmetric emission bands with emission maxima near 525 nm,
565 nm, 585 nm, 605 nm, 625 nm, 655 nm, 705 nm, or 800 nm. This core-shell material
(Figure 1A) is further coated with a polymer layer that allows facile dispersion of the quantum
dots in aqueous solutions with retention of their optical properties. The polymer coating
has ~COO' surface groups available for modifications such as macromolecule attachment
(Figure 1B). Qdot® ITK™ carboxyl quantum dots are about the size of a large macromolecule or
protein.

Core

Sheli

Polymer
coating

Biomolecule

15-20 nm

Figure 1. A. Transmission electron microscope image of core-shell Qdot® nanoparticles at 200,000x magnification.
Scale bar = 20 nm. B. Schematic of the overall structure of a Qdot® conjugate. The layers represent the distinct structural
elements of the Qdot® nanocrystal conjugates, and are roughly to scale.
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Optical Properties

Spectral Characteristics

Optical Filter Selection

The optical properties of Qdot® nanocrystals are different from those of typical organic

dye molecules. The colors of light that Qdot® nanocrystals emit are strongly dependent

on particle size, creating a common platform of fluorescent labels emitting from green

to the near IR, all manufactured from the same underlying semiconductor material (see
Bibliography, references 1-11 in the Appendix). The size of Qdot® nanocrystals is tightly
controlled in the production process, resulting in materials with narrow and symmetric
emission bands and that are extremely bright and photostable. While the fluorescence
emission bands from the Qdot® 705 and Qdot® 800 nanocrystals are broader than the
emission bands of the visible wavelength Qdot® nanocrystals, all the Qdot® fluorophores
have strong emission intensity and superior photostability. Note that Qdot® 705 and 800 nm
emissions cannot be seen by eye, but are easily detected by many cameras and detectors.
These properties are exploited in a variety of immunofluorescence techniques, and can
result in substantially better results than are attainable with conventional fluorescent labels
(see Bibliography, references 12—18). Though these materials are compatible with a number
of standard fluorescence techniques, there are some novel aspects of their chemistry and
detection that require careful consideration to obtain optimal results.

Organic fluorescent dyes have excitation and emission spectra with a relatively small Stokes
shift, which means that the optimal excitation wavelength is close to the emission peak.
Filter sets used with fluorescent dyes reflect this characteristic.’® Light absorption efficiency
of Qdot® nanocrystals increases dramatically to the blue of the emission (Figure 2). These
unique spectral properties are due to the semiconductor material that makes up the core of
the Qdot° nanocrystals, which gives rise to both their absorption and emission properties.
(see Bibliography, references 1-11). Despite their broad wavelength range of light absorption,
the emission wavelength of these materials is independent of the excitation wavelength. For
example, whether exciting at 400 nm or 633 nm, the shape of the emission band of Qdot*

655 nanocrystals remains the same, while the intensity is approximately 11-fold higher with
400 nm excitation. Light absorption and consequent excitation at shorter wavelength, with
fixed emission, results in a large “apparent Stokes shift” Short wavelength excitation improves
sensitivity by reducing autofluorescence and takes advantage of the inherently greater

light absorption of these materials in the blue to violet spectral region, greatly simplifying
simultaneous, multiplexed detection of several Qdot® nanocrystal colors. See Appendix 3 for
extinction coefficients of the different materials at common excitation wavelengths.

To achieve the optimal signal from Qdot® conjugates, we recommend using Qdot® optimized
filter sets that are available from Omega Optical, Semrock, or Chroma Technology Corpora-
tion (see Appendix 2 for details).

Qdot® conjugates can also be viewed through some standard filter sets, albeit with lower
detection efficiency and reduced brightness. For example, three Omega Optical standard
filter sets capable of detecting Qdot® 705 conjugates are XF140-2 (Alexa Fluor® 633 & Alexa
Fluor® 647), XF70 (Alexa Fluor® 660 & Cy5), and XF141-2 (Cy5.5). Visualization of Qdot®
conjugates using a custom filter set is preferred because excitation and detection is less
efficient using filters that have not been selected specifically for use with Qdot* conjugates.
Using a custom filter set, Qdot® 605 conjugate signal is approximately five times as bright as

it is using the TRITC filter set, and approximately ten times brighter than it is using the Texas
Red®/Cy3.5 filter set (Figure 3). Qdot® optimal filters and standard filter sets are available from
different filter manufacturers. Appendix 2 illustrates some common filter sets and the optimal
filter set recommendations for the available Qdot® conjugates. Use of the optimal filter set is
critical for attaining optimal signal and sensitivity in your experiments.
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Before You Begin
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Figure 2. Typical absorption and emission spectra of Qdot® 525 conjugate (1), Qdot® 565 conjugate (2), Qdot® 585

conjugate (3), Qdot® 605 conjugate (4), Qdot® 625 conjugate (5), Qdot® 655 conjugate (6), Qdot® 705 conjugate (7),
Qdot® 800 conjugate (8).

Qdot’ nanocrystals have chemical and optical properties that provide significant advantages
over conventional fluorophores in both sensitivity and stability in fluorescent labeling and
tracking applications. Qdot® ITK™ carboxyl quantum dots are used in a wide variety of
labeling and tracking applications, including preparation and use of peptide derivatives,”
nucleic acid conjugates,?? polysaccharide conjugates,” in stem cell tracking” and for other
uses in which ultrabright and stable fluorescence is desired.

1.2

1.0 4

0.8

0.6 -

0.4

Relative intensity

0.2 +

Recommended Cy3 Texas Red®
Qdot® set

Filter sets

Figure 3. Detection of Qdot® conjugates on tissue sections with recommended and standard filter sets. Mouse kidney
sections were stained with Qdot® 605 conjugate, and then images were collected on a Nikon epi-fluorescence microscope
in 16 bit capture mode. The mean fluorescence of positively stained samples was extracted using Scion Image software.
The recommended Qdot® filter set included a 460 nm short pass exciter, a 475 nm dichroic, and a 605/20 nm band pass
emitter. The Cy3 filter set included a 545/30 nm exciter, a 570 nm dichroic, and a 610/75 nm emitter. The Texas Red® filter
set included a 560/40 nm exciter, a 595 nm dichroic, and a 630/60 nm emitter.
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General Considerations

Disposal of Qdot® Conjugate

Conjugating Qdot® ITK™
carboxyl quantum dots

For additional applications such as immunocytochemistry, tissue section staining, western
blotting, as well as multiplexing using Qdot® streptavidin and secondary antibody conjugates,
download the Qdot® Conjugates Protocol Handbook from www.invitrogen.com. For
additional information and useful protocols for various applications with Qdot® nanocrystals
and their conjugates, see Quantum Dots: Applications in Biology (Methods in Molecular
Biology).®

Note: The near infrared 705 and 800 nm quantum dot emissions cannot be seen by eye,
but are easily detected by many cameras and detectors.

Buffer compatibility

In our experience, Qdot® ITK™ carboxyl quantum dots and many of their conjugates have
stable emission in a number of buffers, and the quantum yield and colloidal dispersion of
conjugates made with these materials has been found to be stable at physiological and near-
physiological pH (not investigated outside this range) in Tris, HEPES, phosphate, and borate
buffers. In addition, a number of surfactants and additives such as Tween 20, Triton® X-100,
and EDTA, among others, have been shown to maintain nanocrystal fluorescence when used
at up to 0.5% concentration. We recommend storage of the Qdot® ITK™ carboxyl quantum dot
product at the concentration at which it is shipped, rather than at high dilution. Storage of
Qdot® ITK™ carboxyl quantum dots and their macromolecule conjugates at working dilution
may result in substantial performance degradation. While we have not characterized the
stability of all Qdot® ITK™ carboxyl quantum dots under all of these conditions, we anticipate
similar levels of stability across the range of product colors.

Qdot® nanocrystal toxicity

We have not investigated the toxicity of Qdot® ITK™ carboxyl quantum dots. The materials
are provided in a solution which is ~2 mM total Cd concentration; however, the CdSe core is
encapsulated in a crystalline shell of ZnS and the amphophilic polymer coating, which may
help prevent formation of free Cd. We have demonstrated the utility of these materials in a
variety of live-cell iz vitro labeling experiments, but do not have systematic data on the toxic-
ity of the materials to humans, to animals, or to cells in culture.

FRET or close-proximity quenching

We have not systematically investigated the energy transfer properties of the Qdot®
nanocrystals, though they may have useful properties as energy transfer donors and
acceptors. We have investigated the fluorescence of Qdot® 605 conjugates which are coupled
to each other through a bis-biotin linker, and found that the emission intensity of the
materials was unperturbed at any concentration of biotin cross-linker. These results suggest
that the interparticle quenching of these Qdot® conjugates is negligible. Published literature
indicates that Qdot® nanocrystals can be used as energy acceptors in time-resolved FRET
(TR-FRET) studies.?

The Qdot® conjugate contains cadmium and selenium in an inorganic crystalline form.
Dispose of the material in compliance with all applicable local, state, and federal regulations
for disposal of these classes of material. For more information on the composition of these
materials, consult the Material Safety Data Sheet.

A protocol for conjugating streptavidin to Qdot® ITK™ carboxyl quantum dots is supplied
below. You can use similar methods to conjugate other proteins and biomolecules of interest,
providing they are compatible with the coupling chemistry described below or with alternate
conjugation chemistry under consideration. The amounts suggested below may need to be
adjusted to accomodate your conjugation requirements.
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Conjugation of Qdot® ITK™ Carboxyl Quantum Dots to Steptavidin

Materials Required
but Not Provided

Preparing Streptavidin
Solution

Amount

Experimental Protocol

+ 10 mg N-ethyl-N’-dimethylaminopropyl-carbodiimide (EDC) v

- 10 mg/mL Streptavidin (Invitrogen Cat. no. $888) in 10 mM borate buffer, pH 7.4
« 10 mM borate buffer, pH 7.4

« 50 mM borate buffer, pH 8.3

o Ultrafiltration units with 100 kDa cutoff, size 4 mL (Amicon Ultra-4 —Millipore Cat. no.
UFC810008) or size 15 mL (Amicon Ultra 15—Millipore Cat. no. UFC910008)

« Filter syringes: Acrodisc® 25 mm PF Syringe Filter with 0.8/0.2 pm Supor® Membrane or
Acrodisc® Syringe Filter 0.2 pum Supor® Membrane Low Protein Binding Non Pyrogenic

« PES (polyethersulfone) syringe filters, 0.2 um (Whatman Cat. no. 6876-2502)

Prepare a 10 mg/mL streptavidin solution in 10 mM borate buffer, pH 7.4. Mix well. You will
need 80 nmol of streptavidin for the conjugation reaction.

The molar concentration of each reagent used during the conjugation protocol is described
below. Use these concentrations for the initial experiments and based on your results, you
may need to optimize these concentrations to obtain the desired level of conjugation.

_Reagent : -~ 'Concentration. =~ | Equivalent
Qdot® Reagent 2 nmol (250 L at 8 pM concentration) 1
Streptavidin 80 nmol (0.12-4.8 mg at 10 mg/mL) 40
EDC 3000 nmol (0.57 mg at 10 mg/mL) 1500

Conjugation Protocol

1.1

1.2

1.3

1.4

1.5

1.6

1.7

Please read the entire protocol before starting.

In a small glass vial with a small stirbar, dilute 250 puL of 8 pM stock solution of Qdot® ITK™
carboxyl quantum dots to 2 mL using 10 mM borate buffer, pH 7.4. Mix well by stirring.

Add 0.48 mL of 10 mg/mL streptavidin to the Qdot® ITK™ carboxyl quantum dots reagent
(step 1.1). Continue stirring.

Weigh ~5 mg of EDC in a 1.5 mL microcentrifuge tube and add 0.5 mL deionized water to
obtain a 10 mg/mL EDC stock solution. Prepare EDC solution just before use.

Immediately, add 57 uL of 10 mg/mL EDC si;ock solution to the Qdot® solution (step‘1.2).
Stir gently for 1-2 hours at room temperature for the conjugation.

Filter the conjugate solution through a 0.2 pm PES syringe filter to remove any large
aggregates and transfer the solution to a clean centrifugal ultrafiltration unit (100 kDa cutoff).

Centrifuge at the recommended speed for the ultrafiltration unit for at least 5 buffer
exchanges using 50 mM borate buffer, pH 8.3 to remove any excess unbound protein. Ensure
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that the volume of concentration is >10-fold (e.g., 4 mL to <400 uL) each time.

1.8 After ultracentrifugation is complete, filter the solution through a 0.2 um syringe filter or a

0.8/0.2 pm combination syringe filter to remove any aggregates. Store the Qdot* conjugate
solution at 4°C. Do not freeze the nanocrystal conjugate.

Appendix 1: Troubleshooting Guide

No Signal

The properties of Qdot® conjugates are different from fluorescent dyes and may require slight
modifications to current protocols. We've included this section to help with some spec1f1c
issues that may arise while using these materials.

Optical Setup suitability

Make sure that you are using an appropriate filter set to detect the signals. See Appendix
2 for a list of appropriate and optimal filters for the Qdot® conjugates. Contact Technical
Support (probestech@invitrogen.com) for more details on particular filter set requirements.

Qdot® conjugate luminosity

Qdot® conjugates normally fluoresce brightly under a hand-held ultraviolet lamp (long wave,
such as the type used to visualize ethidium bromide on agarose gels). The 705 and 800 nm
quantum dot emission cannot be seen by eye, but is detected by many cameras and detectors.
Though we have not seen pronounced loss of fluorescence of these materials under any
storage conditions that we have investigated, we have not been able to examine all storage
conditions. If the Qdot® conjugates do not appear to fluoresce under the long wave UV
excitation, contact Technical Support (probestech@invitrogen.com) for assistance.
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Appendix 2: Optimal Usable Filter Sets for Qdot® Conjugates

Table 3. Omega optical filter set for Qdot® conjugates.

" Color Optimal filter sets - Usable filter sets
XF301 Qdot®525 filter set g
(Exciter 1: 425DF45 or ii} gg_z'
525 Exciter 2: 415WB100/ XF115-2
Dichroic: 475DCLP XF89-2
Emitter: 525WB20)
XF302 Qdot® 565 filter set
(Exciter 1: 425DF45 or
565 Exciter 2: 415WB100/ ii: 8‘5"_;’
Dichroic: 475DCLP/
Emitter 565WB20)
XF303 Qdot® 585 filter set
(Exciter: 1 425DF45 or XF101-2,
585 Exciter 2: 415WB100/ XF137-2,
Dichroic: 475DCLP/ XF152-2
Emitter: 585WB20)
XF304 Qdot® 605 filter set
(Exciter 1: 425DF45 or XF108-2,
605 Exciter 2: 415WB100/ XF102-2,
Dichroic: 475DCLP/ XF103-2
Emitter: 605WB20)
XF395 Qdot® 655 filter set XF102-2,
(Exciter 1: 425DF45 or XF40-2
655 Exciter 2: 415WB100/ XF42
Dichroic: 475DCLP/ XF 45’
Emitter: 655WB20)
XF306 Qdot® 705 filter set XF140-2,
(Exciter 1: 425DF45 or- XF70,
705* Exciter 2: 415WB100/ XF110-2,
Dichroic: 475DCLP/ XF141-2,
Emitter: 710AF40) XF48-2
XF307 Qdot® 800 filter set XF308 Qdot® 800 filter set for multiplexing
(Exciter 1: 425DF45 or (Exciter 1: 425DF45 or
800 * Exciter 2: 415WB100/ Exciter 2: 415WB100/
Dichroic: 475DCLP/ Dichroic: 475DCLP/
Emitter: 800WB80) Emitter: 840WB80)
XF300 Qdot® filter set
(Exciter 1: 425DF45 or
Exciter 2: 415WB100/
e XF129-2,
All colorst Dichroic: 475DCLP XF130-2

Emitters: 800WB80, 840WB80, 710AF40,
655WB20, 605WB20, 585WB20, 565WB20,
and 525WB20)

*The 705 and 800 nm quantum dot emission cannot be seen by eye and must be detected with an IR-sensitive detector.
tFor viewing multiple colors of Qdot® nanocrystals through microscope eyepieces.
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Table 4. Semrock filter sets for Qdot® conjugates.

Color

Optimal filter sets

Usable filter sets

525

BrightLine® QD525-A Filter Sets:
QD525-A-000 or QD525-A-000-ZERO
(Exciter: FF01-435/40-25)

(Dichroic: FF510-Di01-25 x 36)
(Emitter: FF01-525/15-25)

GFP-3035B

565

FITC-3504B or YFP-2427A

585

TRITC-A

605

BrightLine® QD605-A Filter Sets:
QD605-A-000 or QD605-A-000-ZERO
(Exciter: FF01-435/40-25)

(Dichroic: FF510-Di01-25 x 36)
(Emitter: FFO1-605/15-25)

TRITC-A

625

BrightLine® QD625-A Filter Sets:
QD625-A-000 or QD625-A-000-ZERO
(Exciter: FF01-435/40-25)

(Dichroic: FF510-Di01-25 x 36)
(Emitter: FF01-625/15-25)

Texas Red® (4040B)

655

BrightLine® QD655-A Filter Sets:
QD655-A-000 or QD655-A-000-ZERO
(Exciter: FF01-435/40-25)

(Dichroic: FF510-Di01-25 x 36)
(Emitter: FFO1-655/15-25)

Texas Red® (4040B)

705*

Cy5-4040A or Cy5.5-A

800*

Cy7-A

LP multit

QDLP-A Filter Set:
QDLP-A-000

(Exciter: FF01-435/40-25)
(Dichroic: FF510-Di01-25 x 36)
(Emitter: FFO1-500/LP-25)

CFW-LPO1-CLINICAL

*The 705 and 800 nm quantum dot emission cannot be seen by eye and must be detected with an IR-sensitive detector.
tFor viewing multiple colors of Qdot® nanocrystals through microscope eyepieces.
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Table 5. Chroma Technology filter sets for Qdot® conjugates.

Color

Optimal filter sets

Usable filter sets

525

Qdot® 525 filter set
(20 nm EM; 32006)

| (460SPUV/475DCXRU/D525/20nm)

Qdot® 525 filter set
(40 nm EM; 32010)
(460SPUV/475DCXRU/D525/40nm)

FITC/RSGFP/Bodipy®/Fluo-3/DiO (41001), FITC/RSGFP
Longpass (40012), BFP to GFP FRET (31032), BFP to GFP
FRET wide excitation (31034), GFP wide blue excitation
(31054)

565

Qdot® 565 filter set
(20 nm EM; 32005)
(460SPUV/475DCXRU/D565/20nm)
Qdot® 565 filter set
{40 nm EM; 32009)
(460SPUV/475DCXRU/D565/40nm)

Eosin (41011), Cascade Yellow™ (31038), JP2(YGFP with
EGFP-31040, Auramine (31015)

585

Qdot® 585 filter set
(20 nm EM; 32004)
(460SPUV/475DCXRU/D585/20nm)
Qdot® 585 filter set
(40 nm EM; 32008)
(460SPUV/475DCXRU/D585/40nm)

R-PE (41003), Rhodamine LP (41032, FITC/P1 (41016)

605

Qdot® 605 filter set
(20 nm EM; 32003)
(460SPUV/475DCXRU/D605/20nm)
Qdot® 605 filter set
(40 nm EM; 32007)
(460SPUV/475DCXRU/D605/40nm)

Cy3 narrow excitation (41007a), Texas Red®/Cy3.5
(31004), TRITC (41002, 410023, 41002b), Ethidium
Bromide (41006)

655

Qdot® 655 filter set
(20 nm EM; 32011)
(460SPUV/475DCXRU/D655/20nm)
Qdot® 655 filter set
(40 nm EM; 32012)
(460SPUV/475DCXRU/D655/40nm)

Texas Red® (41004), Propidium lodide (41005), Fura
Red™ (31012), Chlorophyll (31017), Allophycocyanin
(31006)

705*

Qdot® 705 filter set
(20 nm EM; 32014)
(460SPUV/475DCXRU/D705/20nm)
Qdot® 705 filter set
(40 nm EM; 32015)
(460SPUV/475DCXRU/D705/40nm)

Cy5 Longpass (41024), Cy5 (41008), Cy5 narrow
excitation (41033), Cy5.5 (41023), Alexa Fluor® 680
(41042), Cy5.5 (red-shifted; 41022)

800*

Qdot® 800 filter set
(30 nm EM; 32020)
(460SPUV/475DCXRU/D800/30nm)
Qdot® 800 filter set
(50 nm EM; 32021)
(460SPUV/475DCXRU/D800/50nm)

Cy7 (41009), Li-Cor for IRDye 800 (41037), Cy7 (SP106)

All colorst

Qdot® Multiple Emission Set (71014)
(460SPUV, 475DCXRU, D525/20nm,

D605/20nm, D565/20nm, D585/20nm)

UV (11000V2), Blue/Violet (11003V2), UV/Violet
(11011v2)

*The 705 and 800 nm quantum dot emission cannot be seen by eye and must be detected with an IR-sensitive detector.
tFor viewing multiple colors of Qdot® nanocrystals through microscope eyepieces.
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Appendix 3: Extinction Coefficients

Table 6. Extinction coefficients of Qdot® conjugates at common excitation wavelengths.

PI"dduct 350 nm; ~405nm, | 488 nm, | 532nm,
T inem™™M?' | inem™? | inam™M' . | inamMT

Qdot® 525 ‘
nanocrystals 710,000 360,000 130,000 Not applicable
Qdot® 565
nanocrystals 1,900,000 1,100,000 290,000 139,000
Qdot® 585
nanocrystals 3,500,000 2,200,000 530,000 305,000
Qdot® 605
nanocrystals 4,400,000 2,800,000 1,100,000 580,000

@
Qdot® 625 14,700,000 9,900,000 2,700,000 870,000
nanocrystals
Qdot® 655
nanocrystals 9,100,000 5,700,000 2,900,000 2,100,000
Qdot® 705 ‘
nanocrystals 12,900,000 8,300,000 3,000,000 2,100,000

®
Qdot® 800 12,600,000 8,000,000 3,000,000 2,000,000
nanocrystals
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Product List current prices may be obtained from our website or from our Customer Service Department.

Cat no. Product Name Unit Size
Q21341MP  Qdot® 525 ITK™ carboxyl quantum dots *8 uM solution* .... 250 yL
Q21391MP  Qdot® 545 ITK™ carboxyl quantum dots *8 uM solution* 250 uL
Q21331MP  Qdot® 565 ITK™ carboxyl quantum dots *8 pM solution* 250 ub
Q21311MP  Qdot® 585 ITK™ carboxyl quantum dots *8 pM solution* 250 uL
Q21301MP  Qdot® 605 ITK™ carboxyl quantum dots *8 pM solution* 250 pL
A10200 Qdot® 625 ITK™ carboxyl quantum dots *8 pM solution*® 250 pL
Q21321MP  Qdot® 655 ITK™ carboxyl quantum dots *8 uM solution* 250 pL
Q21361TMP  Qdot® 705 ITK™ carboxyl quantum dots *8 uM solution* .... 250 pkL
Q21371MP  Qdot® 800 [TK™ carboxyl quantum dots *8 uM solution* 250 L
Related products -

5888 Streptavidin.........oooiiiiiiiiiin e et ee e sa et e e ie et ie e iae et aans 5mg

Contact Information

Molecular Probes, Inc.
29851 Willow Creek Road
Eugene, OR 97402
Phone: (541) 465-8300
Fax: (541) 335-0504

Customer Service: '
6:00 am to 4:30 pm (Pacific Time)
Phone: (541) 335-0338

Fax: (541) 335-0305
probesorder@invitrogen.com

Toll-Free Ordering for USA:
Order Phone: (800) 438-2209
Order Fax: (800) 438-0228

Technical Service:

8:00 am to 4:00 pm (Pacific Time)
Phone: (541) 335-0353

Toll-Free (800) 438-2209

Fax: (541) 335-0238
probestech@invitrogen.com

Invitrogen European Headquarters

Invitrogen, Ltd.

3 Fountain Drive

Inchinnan Business Park

Paisley PA4 9RF, UK

Phone: +44 (0) 141 814 6100
Fax: +44 (0) 141 814 6260
Email: euroinfo@invitrogen.com

Technical Services: eurotech@invitrogen.com

Further information on Molecular Probes products, including product bibliographies, is available from your local distributor or directly
from Molecular Probes. Customers in Europe, Africa and the Middle East should contact our office in Paisley, United Kingdom. All others
should contact our Technical Service Department in Eugene, Oregon.

Molecular Probes products are high-quality reagents and materials intended for research purposes only. These products must be used
by, or directly tunder the supervision of, a technically qualified individual experienced in handling potentially hazardous chemicals. Please
read the Material Safety Data Sheet provided for each product; other regulatory considerations may apply.

Limited Use Label License No. 223: Labeling and Detection Technology

The manufacture, use, sale or import of this product may be subject to one or more patents or pending applications owned or licensed
by Invitrogen Corporation. The purchase of this product conveys to the buyer the non-transferable right to use the purchased amount of
the product and components of the product in research conducted by the buyer (whether the buyer is an academic or for-profit entity)
in a manner consistent with the accompanying product literature. The buyer cannot sell or otherwise transfer (a) this product (b) its
components or (c) materials made using this product or its components to a third party or otherwise use this product or its components
or materials made using this product or its components for Commercial Purposes. The buyer may transfer information or materials made
through the use of this product to a scientific collaborator, provided that such transfer is not for any Commercial Purpose, and that such
collaborator agrees in writing (a) to not transfer such materials to any third party, and (b) to use such transferred materials and/or infor-
mation solely for research and not for Commercial Purposes. Commercial Purposes means any activity by a party for consideration and
may include, but is not limited to: (1) use of the product or its components in manufacturing; (2) use of the product or its components to
provide a service, information, or data; (3) use of the product or its compenents for therapeutic, diagnostic or prophylactic purposes; or
(4) resale of the product or its components, whether or not such product or its components are resold for use in research. For products

_ that are subject to multiple limited use label licenses, the most restrictive terms apply. Invitrogen Corporation will not assert a claim

against the buyer of infringement of patents that are owned or controlled by Invitrogen Corporation and/or Molecular Probes, Inc.
which cover this product based upon the manufacture, use or sale of a therapeutic, clinical diagnostic, vaccine or prophylactic product
developed in research by the buyer in which this product or its components was employed, provided that neither this product nor any of
its components was used in the manufacture of such product. If the purchaser is not willing to accept the limitations of this limited use
statement, Invitrogen is willing to accept return of the product with a full refund. For information on purchasing a license to this product
for purposes other than research, contact Molecular Probes, Inc., Business Development, 29851 Willow Creek Road, Eugene, OR 97402,
Tel: (541) 465-8300. Fax: (541) 335-0354.

Several Molecular Probes products and product applications are covered by U.S. and foreign patents and patents pending. All names con-
taining the designation ° are registered with the U.S. Patent and Trademark Office.

Copyright 2007, Molecular Probes, Inc. All rights reserved. This information is subject to change without notice.
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Qtracker® Cell Labeling Kits

Catalog nos. A10198, Q25001MP, Q25011MP, Q25021MP, Q25031MP, Q25041MP, Q25061MP, Q25071MP

Table 1. Contents and storage information.

Qtracker® nanocrystals, 100 ul. 2 uM in 50 mM borate When stored as
Component A " buffer, pH 8.3 o 2-6°C directed the
product is stable
Qtracker® carrier, 100 L. Phosphate buffered e DONOTFREEZE |t ot Jeast
Component B ‘ saline (PBS), pH 7.2 6 months.

: Approximate fluorescence excitation and emission maxima: See Table2.

Introduction

Qtracker® Cell Labeling Kits are designed for loading cells grown in culture with
highly fluorescent Qdot® nanocrystals. Once inside the cells, Qtracker® labels
provide intense, stable fluorescence that can be traced through several
generations, and are not transferred to adjacent cells in a population.

Qtracker® Cell Labeling Kits are available in seven colors—525 nm, 565 nm,

585 nm, 605 nm, 625 nm, 655 nm, 705 nm, or 800 nm emission—and are excellent
tools for long-term tracking or imaging studies of live cells, including migration,
motility, morphology, and other cell function assays.

The Qtracker® Cell Labeling Kits use a custom targeting peptide'” to deliver
Qdot® nanocrystals into the cytoplasm of live cells. Cytoplasmic delivery by this
mechanism is not mediated by a specific enzyme; therefore, no cell-type
specificity has been observed. Delivery is typically accomplished in less than

1 hour. Qdot® nanocrystals delivered by the Qtracker® Cell Labeling Kits are
compatible with serum-sensitive cells; intense fluorescence is maintained in
complex cellular environments and under various biological conditions including
changes in intracellular pH, temperature, and metabolic activity. Furthermore,
autofluorescence commonly observed in cells or tissues can be avoided using
Qtracker® 655, 705, or 800 Kits.

Features and  Using Qtracker® Cell Labeling Kits, you can observe labeled cells using extensive

Applications  continuous illumination, without the photobleaching and degradation problems
often associated with organic dyes.>® Qtracker® labels are distributed in vesicles
in the cytoplasm (Figure 1), and are inherited by daughter cells for at least six
generations. Fluorescence from the Qtracker® labels can be seen up to a week
after delivery in some cell lines. Long-term cellular retention makes Qtracker®
Cell Labeling Kits ideal for studying cell motility (Figure 2), migration,
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Imaging Platforms

Cytotoxicity and
Viability Studies

differentiation, morphology, and many other cellular function studies.**
Qtracker® labels do not leak out of intact cells to be taken up by adjacent cells in
the population (Figure 3).

Figure 1 Distribution of Qtracker® labels in the cytoplasm: HelLa cells labeled with the
Qtracker® 655 Cell Labeling Kit were observed with a Leica TCS SP2 confocal
microscopy to see the distribution of the Qtracker® reagent in the cytoplasm
(excitation at 488 nm).

0 hr 60 hr

Figure 2. Motlllty of HeLa cells: A monolayer of HelLa cells was labeled with the
Qtracker® 655 Cell Labeling Kit. The gap was made by scratching with a 200 pL

" pipette tip (~1 mm) and imaged using a Leica TCS SP2 confocal microscope

(excitation at 488 nm; 10X objective). The cells moved to fill the gap and retained
normal motility.

Figure 3. U-118 and Hel.a cells were labeled with Qtracker® 565 and 655 Cell
Labeling Kits, respectively, and co-cultured for 24 hours. The image was captured
using a Leica TCS SP2 confocal microscope. Both colors are easily resolved, well
retained, and well segregated in their respective cell lines.

Qtracker® reagent-labeled live cells can be easily monitored on a variety of
platforms, including flow cytometry, fluorescence/confocal microscopy,
fluorescence microplate readers, and high-content imaging systems.

The cytotoxicity of the materials use in Qtracker® Cell Labeling Kits has been
tested in a variety of cell lines including CHO, HeLa, U-118, 3T3, HUVEC, and
Jurkat cells. Labeling with Qtracker® Cell Labeling Kits appears to exert minimal
impact on cellular surface marker expression, cell proliferation, cellular enzyme
activity, and cell motility; no effect on the CD3 expression level of Jurkat cells

Qtracker® Cell Labeling Kits | 2



was observed following labeling with the Qtracker® Cell Labeling Kit.

The effect of Qdot® nanocrystal loading on cellular viability has been examined
using cell proliferation and cellular enzyme activity measurements (Figure 4).
The results indicate that labeling with the Qtracker® Cell Labeling Kit has no
significant effect on cell proliferation and cellular enzyme activity.

140

1204

1004

80 1

60+

40

204

% ofcellular ereyme activity

Q
4

i .
Qtracker  Qtracker  Qtracker  Cells only
565 Kit 655Kit 705Kit

Figure 4. Effect of Qtracker® labeling on cell Vlablllty U-118 cells cultured in 96-well
plates were labeled for 60 minutes with Qtracker® 565, 655, and 705 Kits. CellTiter 96
Non-Radioactive Cell Proliferation Assay (Promega) was performed on those cells 24

hours after labeling. The enzyme activity of unlabeled cells was used for normalization.

Table 2. Fluorescence excitation and emission maxima for Qtracker Cell Labeling Knts

e Product . . Catalog no-. Emission (nm) | Excitation (nm)
Qtracker® 525 Cell Labeling Kit | Q25041MP 525 405-485
Qtracker® 565 Cell Labeling Kit Q25031MP 565 405-525
Qtracker® 585 Cell Labeling Kit Q25011MP 585 405-545
Qtracker® 605 Cell Labeling Kit - Q25001MP 605 405-565
Qtracker® 625 Cell Labeling Kit A10198 625 405-585
Qtracker® 655 Cell Labeling Kit Q25021MP 655 405-615
Qtracker® 705 Cell Labeling Kit | Q25061MP 705 405-665
Qtracker® 800 Cell Labeling Kit Q25071MP 800 405-760

vlgure 5 for':_'_ dot® nanocrystal excxtatlon and enussmn spectra

Cell Labelmg with
Qtracker® Cell Labeling
Kits

Labeling efficiency of your cells with the Qtracker® Cell Labeling Kit of your
choice (Table 2) can be tested using the basic protocols for suspension or cultured
adherent cells described below. Post-labeling, researchers have demonstrated a
wide variety of applications for Qtracker® labeled cells, including cell co-culture
and cell assembly into heterotypic assemblies,® multilineage differentiation,”
transdifferentiation versus cell fusion,® embryonic and mesenchymal stem cell
tracking,” and cell migration dynamics.”

Qtracker® Cell Labeling Kits | 3



Before You Begin

Note

We recommend that you read the entire protocol before starting. For additional
information, visit http:/ /probes.invitrogen.com /products/qdot.

Experimental Protocol for Labeling Suspension Cells

Materials Required but
Not Provided

Qtracker® Cell Labeling
Kit Protocol for
Suspension Cells

The basic protocols below have been tested using a limited number of
representative cell types (CHO, HeLa, U-118, 3T3, HUVEC, and Jurkat cells).
Optimization may be required for optimal labeling of your cells based on your
initial results. For example, in step 1.4 below, longer incubation times (2-24 hours)
can be used for nanocrystal loading depending on experimental conditions and
cell type. As part of optimization, we recommend performing cell viability tests
(see Figure 4) using a standard cell proliferation assay method such as Vybrant®
MTT Cell Proliferation Assay Kit (Invitrogen Cat. no. V13154).

e Mammalian suspension cells of choice
e Complete growth medium for the cell type used
® Microcentrifuge tubes

1.1 To prepare 10 nM labeling solution, pre-mix 1 uL each of Qtracker®
Component A and Component B in a 1.5 mL microcentrifuge tube. Incubate
for 5 minutes at room temperature and proceed immediately to Step 1.2.

Note: The working concentration of the Qtracker® label is typically in the
range of 2 nM to 15 nM depending on the cell type and application. Prepare
dilutions based on the 2 uM concentration of Qtracker® Component A. Scale
volumes as appropriate for the number of suspension cell samples to be
treated.

1.2 Add 0.2 mL of fresh complete growth medium to the tube and vortex for 30
seconds.

1.3 Add 1 x 10° cells (from a cell suspension at ~1 x 107 cells/mL in growth
medium) to the tube containing the labeling solution.

14 Incubate the sample at 37°C for 45-60 minutes.
1.5 Wash cells twice with complete growth medium.

1.6 Visualize labeled live cells using any suitable fluorescence microscopy
method or flow cytometry with appropriate filters (see Table 2 for
fluorescence excitation/emission details).

Qtracker® Cell Labeling Kits | 4



Experimental Protocol for Labeling Adherent Cells

Materials Required but
' Not Provided

Qtracker® Cell Labeling
Kit Protocol for
Adherent Cells

Cell lines such as: Hel a cells (ATCC no. CCL-2) or U-118 cells (ATCC no.
HTB-15)

8-well Lab-Tek chambered cover glass system or sterile coverslips suitable for
subculturing cells in Petri dishes

75 cm? cell culture flask

Optional: freshly-made 3.7% formaldehyde fixative solution (mix 1 mL 37—
40% formaldehyde with 9 mL PBS)

ATCC medium for HeLa:

Minimum essential medium (Eagle) with 2 mM L-glutamine and Earle's BSS
adjusted to contain 1.5 g/L sodium bicarbonate, 0.1 mM non-essential amino
acids, and 1.0 mM sodium pyruvate, 10% fetal bovine serum.

ATCC medium for U-118:

Dulbecco's modified Eagle's medium with 4 mM L-glutamine adjusted to
contain 1.5 g/L sodium bicarbonate and 4.5 g/L glucose, 10% fetal bovine
serum

Subculture Cells

2.1

22

Subculture HeLa or U-118 cells from 75 cm? cell culture flasks in 8-well Lab-
Tek chambered coverglass system at a density of 2 x 10*cells per well (cell
density may vary if using a different size plate). Cells subcultured on
coverslips in culture plates and grown to similar confluence can also be
utilized for small numbers of tests.

Incubate the cells in a 37°C, 5% CO; incubator overnight.

Labeling Procedure

3.1

3.2

3.3

3.4
3.5

3.6

To prepare 10 nM labeling solution, pre-mix 1 pL each of Qtracker®
Component A and Component B in a 1.5 mL microcentrifuge tube. Incubate
for 5 minutes at room temperature and proceed immediately to Step 3.2.

Note: The working concentration of the Qtracker® label is typically in the
range of 2 nM to 15 nM depending on the cell type and application. Prepare
dilutions based on the 2 tM concentration of Qtracker® Component A. Scale
volumes as appropriate for the number of cell samples to be treated.

Add 0.2 mL of fresh complete growth medium to the tube and vortex for 30
seconds.

Add 0.2 mL of labeling solution to the well with cells. For labeling cells
grown on coverslips, pipet ~0.15 mL labeling solution directly onto
coverslips kept in a 60 mm Petri dish and cover.

Incubate at 37°C for 45-60 minutes.

Wash cells twice with complete growth medium.

Note: If desired, fix labeled cells at this point by washing 3 times with PBS, ‘

incubating with 3.7% formaldehyde in PBS for 15 minutes at room
temperature, and washing 3 times post-fixation in PBS prior to imaging.

Visualize labeled cells using any suitable fluorescence microscopy method
or flow cytometry with appropriate filters (see Table 2 for fluorescence
excitation/emission details).

Qtracker® Cell Labeling Kits | 5
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Figure 5. Typical absorption and emission spectra of Qdot® 525 conjugate (1), Qdot® 565 conjugate (2), Qdot® 585

conjuﬁgate (3), Qdot® 605 conjugate (4), Qdot® 625 conjugate (5), Qdot

Qdot™ 800 conjugate (8).

Stem Cell Results

655 conjugate (6), Qdot™ 705 conjugate (7), -

We have demonstrated the usefulness of a co-culture/ cell separation strategy in
stem cell work by labeling mouse embryonic fibroblasts (MEFs) with the
Qtracker® 655 Cell Labeling Kit and culturing the cells with SA2p12 hESCs or
BG1vp22 human embryonic stem cells (hESCs). Flow cytometry analysis of MEF
cells transfected with Qtracker® 655 showed 97% efficiency in labeling (Figure 6).
MEFs labeled with Qtracker® are easily discriminated from colonies of BG1lvp22
hESCs (Figure 7) and suspensions of SA2p12 hESCs (Figure 8). In fact, hESC
colonies appear to exclude the feeder cells, rather than grow on top of them.
Furthermore, excellent separation of hESCs and MEFs was obtained by flow
cytometry (Figure 9). These findings illustrate the usefulness of Qtracker® kits for
labeling live feeder cells and discriminating them from co-cultured hESCs.

450
400
3504
3004
250
200+

Cell count

1501 .
1004

10 1 10 10 10

Qtracker’ 655 fluorescence

Figure 6. Flow cytometry analysis of MEFs transfected with Qtracker® 655 Cell
Labeling Kit shows 97% labeling efficiency. Samples were analyzed on a FACS
Canto™ (Becton Dickinson).
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Flgure 7 Mouse embryonlc f broblasts (MEFs) labeled with
Qtracker® kits are easily discriminated from colonies of
BG1vp22 hurnan embryonic stem cells (RESCs). Colony of
Oct 4- expressmg BG1vp22 hESCs (Green; labeled with
Alexa Fluor® 488 goat anti-rabbit lgG Invitrogen Cat. no. A-
11034) co-cultured with Qtracker® 655 labeled MEFs (Red)
and counterstained with DAPI (Blue). Samples were lmaged
using a Nikon Eclipse TE300. lmage capture was done using
a Nuance™ multispectral imaging system.

Figure 8. Discrimination of MEFs labeled with Qtracker
nanocrystals from suspensions of SA2p12 hESCs.
Suspension of Tra-1-81 expressing SA2p12 hESCs (Green;
labeled with Alexa Fluor®488 goat anti-mouse IgM —
Invitrogen Cat no. A-21042) co-cultured with Qtracker® 655
labeled MEFs (Red). Samples were imaged using a Nikon
Eclipse TE300. Image capture was done using a Nuance™
multispectral imaging system.
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Figure 9. Separation of hESCs and MEFs by flow cytometry: Flow cytometry separation of SSEA4 expressmg BGO1vp29
cells (labeled with Alexa Fluor® 488 goat anti-mouse 1gG; (y3), Invitrogen Cat. no. A21151) from Qtracker® 655 Iabeled cells.
Due to the brightness of Qtracker® 655 labeled signals compared to Alexa Fluor® 488 dye signals, TransFluoSpheres®
streptavidin-labeled microspheres, 0.04 um (488/465) (Invitrogen Cat. no. T10711) was used to better match scales.
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Product List Current prices are available from www.invitrogen.com or from our Customer Service Department

Cat. no.

Q25041MP
Q25031MP
Q25011MP
Q25001MP

A10198

Q25021MP
Q25061MP
Q25071MP
Related Products

A11034
A21042
A21151
T10711
V13154

Product Name

Qtracker® 525 Cell Labeling Kit
Qtracker® 565 Cell Labeling Kit
Qtracker® 585 Cell Labeling Kit
Qtracker® 605 Cell Labeling Kit
Qtracker® 625 Cell Labeling Kit
Qtracker® 655 Cell Labeling Kit
Qtracker® 705 Cell Labeling Kit
Qtracker® 800 Cell Labeling Kit

Alexa Fluor® 488 goat anti-rabbit 1gG
Alexa Fluor® 488 goat anti-mouse TG e
Alexa Fluor® 488 goat anti-mouse 1gG; (y3)
TransFluoSpheres® streptavidin-labeled microspheres

Vybrant® MTT Cell Proliferation Assay Kit

Unit Size

1 kit
1 kit
1 kit
1 kit
1 kit
1 kit
1 kit
1 kit

0.5mL
250 pL
250 yL
0.4 mL

1 kit
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Contact Information

Molecular Probes, Inc.
29851 Willow Creek Road
Eugene, OR 97402

Phone: (541) 465-8300
Fax: (541) 335-0504

Customer Service:

6:00 am to 4:30 pm (Pacific Time)
Phone: (541) 335-0338

Fax: (541) 335-0305
probesorder@invitrogen.com

Toll-Free Ordering for USA:
Order Phone: (800) 438-2209
Order Fax: (800) 438-0228

Technical Service:

8:00 am to 4:00 pm (Pacific Time)
Phone: (541) 335-0353

Toll-Free (800) 438-2209

Fax: (541) 335-0238
probestech@invitrogefi.com

Invitrogen European Headquarters
Invitrogen, Ltd.

3 Fountain Drive

Inchinnan Business Park

Paisley PA4 9RF, UK

Phone: +44 (0) 141 814 6100

Fax: +44 (0) 141 814 6260

Email: euroinfo@invitrogen.com
Support: eurotech@invitrogen.com

For country-specific contact
information, visit www.invitrogen.com

Further information on Molecular Probes products, including product bibliographies, is available from
your local distributor or directly from Molecular Probes. Customers in Europe, Africa and the Middle
East, contact our office in Paisley, United Kingdom. All others, contact our Technical Service
Department in Eugene, Oregon.

Molecular Probes products are high-quality reagents and materials intended for research purposes
only. These products must be used by, or directly under the supervision of, a technically qualified
individual experienced in handling potentially hazardous chemicals. Please read the Material Safety
Data Sheet provided for each product; other regulatory considerations may apply.

Limited Use Label License No. 223: Labeling and Detection Technology

The purchase of this product conveys to the buyer the non-transferable right to use the purchased
amount of the product and components of the product in research conducted by the buyer (whether
the buyer is an academic or for-profit entity). The buyer cannot sell or otherwise transfer (a) this
product (b) its components or (c) materials made using this product or its components to a third party
or otherwise use this product or its components or materials made using this product or its
components for Commercial Purposes. The buyer may transfer information or materials made
through the use of this product to a scientific collaborator, provided that such transfer is not for any
Commercial Purpose, and that such collaborator agrees in writing (a) to not transfer such materials to
any third party, and (b) to use such transferred materials and /or information solely for research and
not for Commercial Purposes. Commercial Purposes means any activity by a party for consideration
and may include, but is not limited to: (1) use of the product or its components in manufacturing; (2)
use of the product or its components to provide a service, information, or data; (3) use of the product
or its components for therapeutic, diagnostic or prophylactic purposes; or (4) resale of the product or
its components, whether or not such product or its components are resold for use in research.
Invitrogen Corporation will not assert a claim against the buyer of infringement of the above patents
based upon the manufacture, use or sale of a therapeutic, clinical diagnostic, vaccine or prophylactic
product developed in research by the buyer in which this product or its components was employed,
provided that neither this product nor any of its components was used in the manufacture of such
product. If the purchaser is not willing to accept the limitations of this limited use statement,
Invitrogen is willing to accept return of the product with a full refund. For information on purchasing
a license to this product for purposes other than research, contact Molecular Probes, Inc., Business
Development, 29851 Willow Creek Road, Eugene, OR 97402, Tel: (541) 465-8300. Fax: (541) 335-0354.

Several Molecular Probes products and product applications are covered by U.S. and fofeign patents
and patents pending. All names containing the designation ® are registered with the U.S. Patent and
Trademark Office.

Copyright 2007, Molecular Probes, Inc. All rights reserved. This information is subject to change
without notice.
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MOLECULAR PROBES®

Brighter, Longer-lasting Signal and Better Cell Visualization with
Qmount™ Qdot® Mounting Media and Qnuclear™ Deep Red Stain

Introduction

Designed for use with cells labeled with Qdot® nanocrystals, the recent releases of Qmount™
Qdot® Mounting Media and Qnuclear™ Deep Red Stain form a pair of important new tools
that further enables the utility of Molecular Probes® Qdot® nanocrystal technology for
fluorescence microscopy.

Qmount™ Qdot® Mounting Media (Cat. no. Q10336)

Qdot" fluorescence is susceptible to chemical quenching which represents a significant
problem with conventional mounting media. Qmount™ Qdot® Mounting Media is a non-
aqueous, permanent mountant optimized for performing microscopy with samples labeled
with Qdot® nanocrystals. Unlike other mountants, the Qmount™ Qdot” Mounting Media
causes no significant loss of the Qdot® nanocrystals’ fluorescence, both initially and over

the course of several months (Figure 1). This mounting media offers excellent compatibility
with all eight Qdot® nanocrystals (Qdot® 525, 565, 585, 605, 625, 655, 705, and 800), their
conjugates, and Qnuclear™ Deep Red stain (Cat. no. Q10363), making it an especially valuable
tool for multicolor Qdot® nanocrystal imaging applications. Although optimal for use with
Qdot® nanocrystals, this mounting medium is not recommended for use with most standard
organic dyes or fluorescent proteins.

4,000
B Qmount Qdot® mounting media
i Cytoseal 60

3,500

3,000

2,500

2,000

I

1,500 4

Fluorescence

1,000 A

500 A

0 Day 1 Day 13 Month 8

Figure 1. Comparison of fluorescently labeled mammalian cells in Qmount™ Qdot® Mounting Media and Cytoseal™ 60 reagent, imaged on day 1 and day 13, and after
8 months. Qmount™ Qdot® Mounting Media enhances the photostability of Qdot® nanocrystals, both initially and over time. Human carcinoma (HeLa) cells labeled
with mouse anti-OxPhos ComplexV inhibitor protein IgG (Cat. no, A21355) and Qdot® 605 conjugated goat anti-mouse IgG (Cat. no. Q11001MP) were mounted with
Qmount™ or Cytoseal™ 60 mountant (Thermo Scientific) and illuminated using a 100-watt Hg-arc lamp.
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Qnuclear™ Deep Red Stain (Cat. no. Q10363)

The new Qnuclear™ Deep Red stain is a nuclear counterstain specifically designed for use
with cells labeled with Qdot® 525, 565, 585, 605, 625, and 655 nanocrystals, providing bright
and photostable nuclear counterstaining for cell identification and multiplex imaging with no
overlap into the excitation wavelengths of Qdot® nanocrystals. With excitation and emission
maxima of 640 and 663 nm, respectively, this counterstain can be visualized with standard
fluorescence microscopy filter sets (Figure 2).
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Figure 2. Fluorescence excitation and emission spectra for Qnuclear™ Deep Red Stain.

Product List current prices may be obtained from our website or from our Customer Service Department.

Cat. no. Product Name Unit Size
Q10336 QMOUNt™ QO MOUNTING MEAIA . ..ottt ittt ettt et e e e e et et e e et et e e e e aer e eneas 3x2mlL
Q10363 Qnuclear™ Deep Red Stain 100 pL

Contact Information

Molecular Probes, Inc.
29851 Willow Creek Road
Eugene, OR 97402
Phone: (541) 465-8300
Fax: (541) 335-0504

Customer Service:

6:00 am to 4:30 pm (Pacific Time)
Phone: (541) 335-0338

Fax: (541) 335-0305
probesorder@invitrogen.com

Toll-Free Ordering for USA:
Order Phone: (800) 438-2209
Order Fax: (800) 438-0228

Technical Service:
8:00 am to 4:00 pm (Pacific Time)
Phone: (541) 335-0353
Toll-Free (800) 438-2209
Fax: (541) 335-0238
_ probestech@invitrogen.com

Invitrogen European Headquarters
Invitrogen, Ltd.

3 Fountain Drive

Inchinnan Business Park

Paisley PA4 9RF, UK

Phone: +44 (0) 141 814 6100

Fax: +44 (0) 141 814 6260

Email: euroinfo@invitrogen.com

Technical Services: eurotech@invitrogen.com-
For country-specific contact information,
visit www.invitrogen.com.

Further information on Molecular Probes products, including product bibliographies, is available from your local distributor or directly
from Molecular Probes. Customers in Europe, Africa and the Middle East should contact our office in Paisley, United Kingdom. All others
should contact our Technical Service Department in Eugene, Oregon.

Molecular Probes products are high-quality reagents and materials intended for research purposes only. These products must be used
by, or directly under the supervision of, a technically qualified individual experienced in handling potentially hazardous chemicals. Please
read the Material Safety Data Sheet provided for each product; other regulatory considerations may apply.

Limited Use Label License No. 223: Labeling and Detection Technology

The purchase of this product conveys to the buyer the non-transferable right to use the purchased amount of the product and compo-
nents of the product in research conducted by the buyer (whether the buyer is an academic or for-profit entity). The buyer cannot sell or
otherwise transfer (a) this product (b) its components or (c) materials made using this product or its components to a third party or oth-
erwise use this product or its components or materials made using this product or its components for Commercial Purposes. The buyer
may transfer information or materials made through the use of this product to a scientific collaborator, provided that such transfer is not
for any Commercial Purpose, and that such collaborator agrees in writing (a) to not transfer such materials to any third party, and (b) to
use such transferred materials and/or information solely for research and not for Commercial Purposes. Commercial Purposes means any
activity by a party for consideration and may include, but is not limited to: (1) use of the product or its components in manufacturing; (2)
use of the product or its components to provide a service, information, or data; (3) use of the product or its components for therapeutic,
diagnostic or prophylactic purposes; or (4) resale of the product or its components, whether or not such product or its components are
resold for use in research. Invitrogen Corporation will not assert a claim against the buyer of infringement of the above patents based
upon the manufacture, use or sale of a therapeutic, clinical diagnostic, vaccine or prophylactic product developed in research by the
buyer in which this product or its components was employed, provided that neither this product nor any of its components was used

in the manufacture of such product. If the purchaser is not willing to accept the limitations of this limited use statement, Invitrogen is
willing to accept return of the product with a full refund. For information on purchasing a license to this product for purposes other than
research, contact Molecular Probes, Inc,, Business Development, 29851 Willow Creek Road, Eugene, OR 97402, Tel: (541) 465-8300. Fax:
(541) 335-0354.

Several Molecular Probes products and product applications are covered by U.S. and foreign patents and patents pending. All names
containing the designation ° are registered with the U.S. Patent and Trademark Office. Copyright 2009, Molecular Probes, Inc. All rights
reserved. This information is subject to change without notice.
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Qtracker® Cell Labeling Kits

Catalog nos. A10198, Q25001MP, Q25011MP, Q25021MP, Q25031MP, Q25041MP, Q25061MP, Q25071MP

Table 1. Contents and storage information.

Material Amount Concentration Storage Stabili
g ty
Qtracker® nanocrystals, | 00 1. 2 uM in 50 mM borate When stored as
Component A K buffer, pH 8.3 o 2-6°C directed the
product is stable
Qtracker® carrier, 100 L. Phosphate buffered o DONOTFREEZE | {0 ot Jeast
Component B saline (PBS), pH 7.2 6 months.

Approximate fluorescence excitation and emission maxima: See Table 2.

Introduction

Features and
Applications

Qtracker® Cell Labeling Kits are designed for loading cells grown in culture with
highly fluorescent Qdot® nanocrystals. Once inside the cells, Qtracker® labels
provide intense, stable fluorescence that can be traced through several
generations, and are not transferred to adjacent cells in a population.

Qtracker® Cell Labeling Kits are available in seven colors—525 nm, 565 nm,

585 nm, 605 nm, 625 nm, 655 nm, 705 nm, or 800 nm emission—and are excellent
tools for long-term tracking or imaging studies of live cells, including migration,
motility, morphology, and other cell function assays.

The Qtracker® Cell Labeling Kits use a custom targeting peptide’” to deliver
Qdot® nanocrystals into the cytoplasm of live cells. Cytoplasmic delivery by this
mechanism is not mediated by a specific enzyme; therefore, no cell-type
specificity has been observed. Delivery is typically accomplished in less than

1 hour. Qdot® nanocrystals delivered by the Qtracker® Cell Labeling Kits are
compatible with serum-sensitive cells; intense fluorescence is maintained in
complex cellular environments and under various biological conditions including
changes in intracellular pH, temperature, and metabolic activity. Furthermore,
autofluorescence commonly observed in cells or tissues can be avoided using
Qtracker® 655, 705, or 800 Kits.

Using Qtracker® Cell Labeling Kits, you can observe labeled cells using extensive
continuous illumination, without the photobleaching and degradation problems
often associated with organic dyes.>*® Qtracker® labels are distributed in vesicles
in the cytoplasm (Figure 1), and are inherited by daughter cells for at least six
generations. Fluorescence from the Qtracker® labels can be seen up to a week
after delivery in some cell lines. Long-term cellular retention makes Qtracker®
Cell Labeling Kits ideal for studying cell motility (Figure 2), migration,
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differentiation, morphology, and many other cellular function studies.’*
Qtracker® labels do not leak out of intact cells to be taken up by adjacent cells in
the population (Figure 3).

Figure 1 Distribution of Qtracker® labels in the cytoplasm: Hela cells labeled with the
Qtracker® 655 Cell Labeling Kit were observed W|th a Leica TCS SP2 confocal
microscopy to see the distribution of the Qtracker® reagent in the cytoplasm
(excitation at 488 nm).

Figure 2. Motlllty of HelLa cells: A monolayer of HelLa cells was labeled with the
Qtracker® 655 Cell Labeling Kit. The gap was made by scratching with a 200 L
pipette tip (~1 mm) and imaged using a Leica TCS SP2 confocal microscope
(excitation at 488 nm; 10X objective). The cells moved to fill the gap and retained
normal motility.

Figure 3. U-118 and Hela cells were labeled with Qtracker® 565 and 655 Cell
Labeling Kits, respectively, and co-cultured for 24 hours. The image was captured
using a Leica TCS SP2 confocal microscope. Both colors are easily resolved, well
retained, and well ségregated in their respective cell lines.

Imaging Platforms  Qtracker® reagent-labeled live cells can be easily monitored on a variety of
platforms, including flow cytometry, fluorescence/confocal microscopy,
fluorescence microplate readers, and high-content imaging systems.

Cytotoxicity and  The cytotoxicity of the materials use in Qtracker® Cell Labeling Kits has been

Viability Studies tested in a variety of cell lines including CHO, HeLa, U-118, 3T3, HUVEC, and
Jurkat cells. Labeling with Qtracker® Cell Labeling Kits appears to exert minimal
impact on cellular surface marker expression, cell proliferation, cellular enzyme
activity, and cell motility; no effect on the CD3 expression level of Jurkat cells
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was observed following labeling with the Qtracker® Cell Labeling Kit.

The effect of Qdot® nanocrystal loading on cellular viability has been examined
using cell proliferation and cellular enzyme activity measurements (Figure 4).
The results indicate that labeling with the Qtracker® Cell Labeling Kit has no
significant effect on cell proliferation and cellular enzyme activity.

140

1004
80
60+
40
20
04 . . .

Qtracker  Qtracker  Qtracker  Cells only
565Kit 655Kit 705Kit

Figure 4. Effect of Qtracker® labeling on cell viability: U-118 cells cultured in 96-well
plates were labeled for 60 minutes with Qtracker® 565, 655, and 705 Kits. CellTiter 96
Non-Radioactive Cell Proliferation Assay (Promega) was performed on those cells 24
hours after labeling. The enzyme activity of unlabeled cells was used for normalization.

-
N
<]

% ofcellular erzyme activity

Table 2. Fluorescence excitation and emission maxima for Qtracker® Cell Labeling Kits.

Product Catalog no. Emission (nm) Excitation (nm)
Qtracker® 525 Cell Labeling Kit Q25041MP 525 405485 .
Qtracker® 565 Cell Labeling Kit Q25031MP 565 ' 405-525
Qtracker® 585 Cell Labeling Kit Q25011MP 585 405-545
Qtracker® 605 Cell Labeling Kit Q25001MP 605 405-565
Qtracker® 625 Cell Labeling Kit A10198 625 405-585
Qtracker® 655 Cell Labeling Kit Q25021MP 655 405-615
Qtracker® 705 Cell Labeling Kit Q25061MP 705 405-665
Qtracker® 800 Cell Labeling Kit Q25071IMP 800 : 405-760

See Figure 5 for Qdot® nanocrystal excitation and emission spectra.

Cell Labeling with
Qtracker® Cell Labeling
Kits

Labeling efficiency of your cells with the Qtracker® Cell Labeling Kit of your
choice (Table 2) can be tested using the basic protocols for suspension or cultured
adherent cells described below. Post-labeling, researchers have demonstrated a
wide variety of applications for Qtracker® labeled cells, including cell co-culture
and cell assembly into heterotypic assemblies,® multilineage differentiation,’”
transdifferentiation versus cell fusion,® embryonic and mesenchymal stem cell
tracking,” ™ and cell migration dynamics.”
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Before You Begin

Note

We recommend that you read the entire protocol before starting. For additional
information, visit http:/ /probes.invitrogen.com/products/qdot.

Experimental Protocol for Labeling Suspension Cells

Materials Required but
Not Provided

Qtracker® Cell Labeling
Kit Protocol for
Suspension Cells

The basic protocols below have been tested using a limited number of
representative cell types (CHO, HeLa, U-118, 3T3, HUVEC, and Jurkat cells).
Optimization may be required for optimal labeling of your cells based on your
initial results. For example, in step 1.4 below, longer incubation times (2-24 hours)
can be used for nanocrystal loading depending on experimental conditions and
cell type. As part of optimization, we recommend performing cell viability tests
(see Figure 4) using a standard cell proliferation assay method such as Vybrant®
MTT Cell Proliferation Assay Kit (Invitrogen Cat. no. V13154).

e Mammalian suspension cells of choice
e Complete growth medium for the cell type used
* Microcentrifuge tubes

1.1 To prepare 10 nM labeling solution, pre-mix 1 uL each of Qtracker®
Component A and Component B in a 1.5 mL microcentrifuge tube. Incubate
for 5 minutes at room temperature and proceed immediately to Step 1.2.

Note: The working concentration of the Qtracker® label is typically in the
range of 2 nM to 15 nM depending on the cell type and application. Prepare
dilutions based on the 2 tM concentration of Qtracker® Component A. Scale
volumes as appropriate for the number of suspension cell samples to be
treated.

1.2 Add 0.2 mL of fresh complete growth medium to the tube and vortex for 30
seconds.

1.3 Add1 x 10° cells (from a cell suspension at ~1 x 107 cells/mL in growth
medium) to the tube containing the labeling solution.

1.4 Incubate the sample at 37°C for 45-60 minutes.
1.5 Wash cells twice with complete growth medium.

1.6 Visualize labeled live cells using any suitable fluorescence microscopy
method or flow cytometry with appropriate filters (see Table 2 for
fluorescence excitation/emission details).
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Experimental Protocol for Labeling Adherent Cells

Materials Required but
Not Provided

Qtracker® Cell Labeling
Kit Protocol for
Adherent Cells

Cell lines such as: HeLa cells (ATCC no. CCL-2) or U-118 cells (ATCC no.
HTB-15) :

8-well Lab-Tek chambered cover glass system or sterile coverslips suitable for
subculturing cells in Petri dishes

75 cm? cell culture flask

Optional: freshly-made 3.7% formaldehyde fixative solution (mix 1 mL 37-
40% formaldehyde with 9 mL PBS)

ATCC medium for HeLa:

Minimum essential medium (Eagle) with 2 mM L-glutamine and Earle's BSS
adjusted to contain 1.5 g/L sodium bicarbonate, 0.1 mM non-essential amino
acids, and 1.0 mM sodium pyruvate, 10% fetal bovine serum.

ATCC medium for U-118:

Dulbecco's modified Eagle's medium with 4 mM L-glutamine adjusted to

contain 1.5 g/L sodium bicarbonate and 4.5 g/L glucose, 10% fetal bovine
serum

Subculture Cells

2.1

2.2

Subculture HeLa or U-118 cells from 75 cm? cell culture flasks in 8-well Lab-
Tek chambered coverglass system at a density of 2 x 10*cells per well (cell
density may vary if using a different size plate). Cells subcultured on
coverslips in culture plates and grown to similar confluence can also be
utilized for small numbers of tests.

Incubate the cells in a 37°C, 5% CO» incubator overnight.

Labeling Procedure

3.1

3.2

3.3

3.4
3.5

3.6

To prepare 10 nM labeling solution, pre-mix 1 uL each of Qtracker®
Component A and Component B in a 1.5 mL microcentrifuge tube. Incubate
for 5 minutes at room temperature and proceed immediately to Step 3.2.

Note: The working concentration of the Qtracker® label is typically in the
range of 2 nM to 15 nM depending on the cell type and application. Prepare
dilutions based on the 2 uM concentration of Qtracker® Component A. Scale
volumes as appropriate for the number of cell samples to be treated.

Add 0.2 mL of fresh complete growth medium to the tube and vortex for 30
seconds.

Add 0.2 mL of labeling solution to the well with cells. For labeling cells
grown on coverslips, pipet ~0.15 mL labeling solution directly onto
coverslips kept in a 60 mm Petri dish and cover. -

Incubate at 37°C for 45-60 minutes.
Wash cells twice with complete growth medium.

Note: If desired, fix labeled cells at this point by washing 3 times with PBS,
incubating with 3.7% formaldehyde in PBS for 15 minutes at room
temperature, and washing 3 times post-fixation in PBS prior to imaging.

Visualize labeled cells using any suitable fluorescence microscopy method
or flow cytometry with appropriate filters (see Table 2 for fluorescence
excitation/emission details). '
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We have demonstrated the usefulness of a co-culture/cell separation strategy in

stem cell work by labeling mouse embryonic fibroblasts (MEFs) with the
Qtracker® 655 Cell Labeling Kit and culturing the cells with SA2p12 hESCs or
BG1vp22 human embryonic stem cells (hESCs). Flow cytometry analysis of MEF
cells transfected with Qtracker® 655 showed 97% efficiency in labeling (Figure 6).
MEPFs labeled with Qtracker® are easily discriminated from colonies of BG1vp22
hESCs (Figure 7) and suspensions of SA2p12 hESCs (Figure 8). In fact, hESC
colonies appear to exclude the feeder cells, rather than grow on top of them.
Furthermore, excellent separation of hESCs and MEFs was obtained by flow
cytometry (Figure 9). These findings illustrate the usefulness of Qtracker® kits for
labeling live feeder cells and discriminating them from co-cultured hESCs.
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Figure 6. Flow cytometry analysis of MEFs transfected with Qtracker® 655 Cell
Labeling Kit shows 97% labeling efficiency. Samples were analyzed on a FACS

Canto™ (Becton Dickinson).
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Figure 7 Mouse embryonic fibroblasts (MEFs) labeled with Figure 8. Discrimination of MEFs labeled with Qtracker

Qtracker® kits are easily discriminated from colonies of nanocrystals from suspensions of SA2p12 hESCs.
BG1vp22 human embryonic stem cells (hESCs). Colony of Suspension of Tra-1-81 expressmg SA2p12 hESCs (Green;
Oct 4-expressmg BG1vp22 hESCs (Green; labeled with labeled with Alexa Fluor®488 goat anti-mouse IgM —

Alexa Fluor® 488 goat anti-rabbit IgG Invitrogen Cat. no. A-  Invitrogen Cat no. A-21042) co-cultured with Qtracker® 655
11034) co-cultured with Qtracker® 655 labeled MEF's (Red) labeled MEFs (Red). Samples were imaged using a Nikon

and counterstained with DAPI (Blue). Samples were |maged Eclipse TE300. Image capture was done using a NuanceTM
using a Nikon Eclipse TE300. Image capture was done using  multispectral imaging system

a Nuance™ multispectral imaging system.
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Figure 9. Separation of hESCs and MEFs by flow cytometry: Flow cytometry separation of SSEA4 expressmg BGO1vp29
cells (labeled with Alexa Fluor® 488 goat anti-mouse 1gG; (y3), Invitrogen Cat. no. A21151) from Qtracker® 655 labeled cells.
Due to the brightness of Qtracker® 655 labeled signals compared to Alexa Fluor® 488 dye signals, TransFluoSpheres®
streptavidin-labeled microspheres, 0.04 pm (488/465) (Invitrogen Cat. no. T10711) was used to better match scales.
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Product List Current prices are available from www.invitrogen.com or from our Customer Service Department

Cat. no.
Q25041MP
Q25031MP
Q25011MP
Q25001MP
A10198
Q25021MP
Q25061MP
Q25071MP
Related Products
A11034
A21042
A21151
T10711
V13154

Produét Name

Qtracker® 525 Cell LabelNgG Kit... ..o o os e e

Qtracker® 565 Cell Labeling Kit.......

Qtracker® 585 Cell LAbeliNg Kit...................o.oe oo oo oo ees oo eee e,
Qtracker® 605 Cell LAbelNg Kit... .. .........ceooeee e e oeeees oo e,
Qtracker® 625 Cell Labeling Kit. ... .......c..o.ov e oo s eees e,
Qtracker® 855 Cell LAbeliNg Kit................c..o.oeie oo eee oo e,
Qtracker® 705 Cell LAbelNg Kit.................o oot oo oo,
Qtracker® 800 Cell LAbENiNG Kit..............oooo oo e

Alexa Fluor® 488 goat anti-ralobit IGG... ... ... o..e e oeees oo oo
Alexa FIuor® 488 goat anti-mouUSE IGM.................c.ovoce oo eee oo ee e
Alexa Fluor® 488 goat anti-mouse 1gGs (13).........ov.cvvveooeee oo ee e e e
TransFluoSpheres® streptavidin-labeled MICTOSPREIES. .. ...t et e e e e e,
Vybrant® MTT Cell Proliferation ASSay Kit... oo

Unit Size
1 kit
1 kit
1 kit
1 kit
1 kit
1 kit
1 kit
1 kit

0.5mL
250 uL
250 yL
0.4 mL

1 kit
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" Contact Information

Molecular Probes, Inc.
29851 Willow Creek Road
Eugene, OR 97402

Phone: (541) 465-8300
Fax: (541) 335-0504

Customer Service:

6:00 am to 4:30 pm (Pacific Time)
Phone: (541) 335-0338

Fax: (541) 335-0305
probesorder@invitrogen.com

Toll-Free Ordering for USA:
Order Phone: (800) 438-2209
Order Fax: (800) 438-0228

Technical Service:

8:00 am to 4:00 pm (Pacific Time)
Phone: (541) 335-0353

Toll-Free (800) 438-2209

Fax: (541) 335-0238
probestech@invitrogen.com

Invitrogen European Headquarters

Invitrogen, Ltd.

3 Fountain Drive

Inchinnan Business Park

Paisley PA4 9RF, UK

Phone: +44 (0) 141 814 6100

Fax: +44 (0) 141 814 6260

Email: euroinfo@invitrogen.com
Support: eurotech@invitrogen.com

For country-specific contact

information, visit www.invitrogen.com

Further information on Molecular Probes products, including product bibliographies, is available from
your local distributor or directly from Molecular Probes. Customers in Europe, Africa and the Middle
East, contact our office in Paisley, United Kingdom. All others, contact our Technical Service
Department in Eugene, Oregon.

Molecular Probes products are high-quality reagents and materials intended for research purposes
only. These products must be used by, or directly under the supervision of, a technically qualified
individual experienced in handling potentially hazardous chemicals. Please read the Material Safety
Data Sheet provided for each product; other regulatory considerations may apply.

Limited Use Label License No. 223: Labeling and Detection Technology

The purchase of this product conveys to the buyer the non-transferable right to use the purchased
amount of the product and components of the product in research conducted by the buyer (whether
the buyer is an academic or for-profit entity). The buyer cannot sell or otherwise transfer (a) this
product (b) its components or (c) materials made using this product or its components to a third party
or otherwise use this product or its components or materials made using this product or its
components for Commercial Purposes. The buyer may transfer information or materials made
through the use of this product to a scientific collaborator, provided that such transfer is not for any
Commercial Purpose, and that such collaborator agrees in writing (a) to not transfer such materials to
any third party, and (b) to use such transferred materials and/or information solely for research and
not for Commercial Purposes. Commercial Purposes means any activity by a party for consideration
and may include, but is not limited to: (1) use of the product or its components in manufacturing; (2)
use of the product or its components to provide a service, information, or data; (3) use of the product
or its components for therapeutic, diagnostic or prophylactic purposes; or (4) resale of the product or
its components, whether or not such product or its components are resold for use in research.
Invitrogen Corporation will not assert a claim against the buyer of infringement of the above patents
based upon the manufacture, use or sale of a therapeutic, clinical diagnostic, vaccine or prophylactic
product developed in research by the buyer in which this product or its components was employed,
provided that neither this product nor any of its components was used in the manufacture of such
product. If the purchaser is not willing to accept the limitations of this limited use statement,
Invitrogen is willing to accept return of the product with a full refund. For information on purchasing
a license to this product for purposes other than research, contact Molecular Probes, Inc., Business
Development, 29851 Willow Creek Road, Eugene, OR 97402, Tel: (541) 465-8300. Fax: (541) 335-0354.

Several Molecular Probes products and product applications are covered by U.S. and foreign patents
and patents pending. All names containing the designation ® are registered with the U.S. Patent and
Trademark Office.

Copyright 2007, Molecular Probes, Inc. All rights reserved. This information is subject to change
without notice.
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Attachment 3:

Section D-F for Nano Silver



Product / Production Information (Based on five Stanford University academic research laboratories)

Nano Chemical Name:

Nano Silver

: Zommercial Name(s):

N/A (synthesized by four SU academic research laboratories)
Silver Nanowires (purchased by one lab)

Annual Production Volume:

~13 g (synthesized by four SU academic research laboratories)

1g (purchased by one lab)

Production Method(s):

Reduction of Silver salt; Chemical Synthesis; Polyol process

Unknown (commercial product)

Identification of the Supplier(s):

N/A (synthesized and used by SU academic research laboratories)

Seashell Technology LLC

Parameter Value / Range1 Name of Analytical Method(s)2
(include units)

Physical Properties

Shape (Morphology) Spheres, Nanowires, Nanocubes, | Atomic Force Microscopy; Scanning Electron Microscopy,
Cylinders Transmission Electron Microscopy

Density ~10.5 g/cm’ Theoretical

Surface Area

e ~57 m* /g (spheres)
e 2-95 um?(cylinders)
e Unknown (others)

e By calculation based on monodispersed particles
e Scanning Electron Microscopy ’
e Unknown

Particle Size Air
Distribution

e 7-40 um (cylinders)
e Unknown (others)

e Scanning Electron Microscopy
e Unknown

Liquid

e 3-35 nm (spheres)

e 30-100 nm diameter x 3-20 um
length (nanowires)

e 7-40 um (cylinders)

e Atomic Force Microscopy, Transmission Electron Microscopy

e Scanning Electron Microscopy, Transmission Electron
Microscopy

e Scanning Electron Microscopy

Solid / Powder

e 7-35nm (spheres)

e 7-40 um (cylinders)

e Transmission Electron Microscopy, Scanning Electron Micros
Transmission Electron Microscopy
e Scanning Electron Microscopy

e Unknown (others) e Unknown
Other (Specify)
Chemical Properties
Chemical Composition Ag Transmission Electron Microscopy, Inductively Coupled Plasma-
Optical Emission Spectrometry,
Energy-dispersive X-ray spectroscopy
Surface Modification (Coating, Alkylamine, X-Ray Photoelectron Spectroscopy

Functionalization)

Polyvynolpyrrolidone

Purity Unknown Unknown

Surface Charge e Negative (pH 2-12) (sphere) e Zetasizer (Zeta Potential Measurement)
e Unknown (others) e Unknown

Dispérsion3 Air Unknown Unknown

Liquid

e Monodispersed (spheres)

e Fully dispersed with sonication
(nanowires, nanocubes)

e Unknown (cylinders)

e Visual examination, Dynamic Light Scattering
e Visual examination, Scanning Electron Microscopy

e Unknown




Solid o Agglomerate easily (spheres) e Dynamic Light Scattering
e Unknown (others) e Unknown
Identifying and Determining See Section F
Concentration of Nano Chemical, Its Jen
Metabolites, and Degradation Products ¢
in Specified Matrices I
Water, Air, Soil, Sediment, Sludge,
Chemical Waste, Fish, Blood, Adipose
Tissue, Urine, Other (Specify)
Solubility Water Solubility ® 2-10% (sphere) o Inductively Coupled Plasma-Optical Emission Spectrometry
' e Soluble (nanowires, e Visual examination '
nanocubes)
e Not Soluble (cylinder) e Supplier information
Solubility in Organic e ~200mg/ml (spheres) e Visual examination
Solvent e Reported as Soluble and Not e Visual examination
Soluble (nanowires)
e Soluble (cylinder) e Supplier information
n-Octanol- Water Partition Coefficient Unknown Unknown
Flammability e Same as Isopropanol (cylinder) | e Supplier information
Stability and e Not Flammable (others) e Based on bulk silver
Reactivity
Explosiveness e Same as Isopropanol (cylinder) | e Supplier information
e Not Explosive (others) e Based on bulk silver
Oxidizing Properties e Reacts with strong oxidizing e Supplier information
agents (cylinders)
e Unknown (others) e Unknown
Oxidation Reduction e 0.8 Vvs. SHE (nanowires) e Electrochemical Measurements
Potential e Unknown (others) e Unknown
Stability and
Reactivity Storage Stability and e Stable in plastic (cylinders) e Supplier information
Reactivity (Container e Stable (others) e Visual examination
Material)
Stability to Thermal, e Unknown (spheres) e Unknown (spheres)
Sunlight, and Metal(s) | e Will decompose at e Heated in oven; Visible observation
temperatures above 180°C and
Degrades in light (nanowires)
e Stable (cylinder) e Heated in oven until melting at ~150°C (cylinder)

Chemical Name ' Source
Silver nanowires Seashell Technology LLC

Nanomaterial Purpose (sample, Matrix
prepare, analyze)

Silver nanoparticles Analyze Water

Method description

Working with water solutions ranging from 1 ppb to 10000 ppm levels the solubility and environmental transformations are studies using
Inductively Coupled Plasma-Optical Emission Spectrometry. J




MATERIAL SAFETY DATA SHEETS



{ Seashell Technology  sesshenTectnabgy, LLC
' 3252 Hollday Court, Sults 113
L.a Jolla, CA 82037
£56 638 0315
859638 0376 (fax)
s seasheltach com

Material Safety Data Sheet (MSDS)
Section 1: Product and Company Identification

FRODUCT NAME; Sitver NanoWires
SYNONYMS: Ag, Ag NanoWires, Ag NW, Siver, Siiver Particlas, Silver NanoRods
A8 NO. 7440-2.4 : )
" MANUFAGTURER: Seashell Tachnalogy, LLG
ADDRESS: 3252 Holldy Cour, Suta 118
La Jolla, CA 92037
EMERGENCY PHONE: 858 750 9240
OTHER CALLS: 858 638 018
FAX . 855 638 0378

Section 2: Composition/information on Ingredients .

INGREDIENTS CAS N PERCENT EXPOSURE LIMITS

Siiver . 7440224 - 5-5 NA

Isopropansl 87430 95-09.3 400ppm (OSHA/PEL)
: 200ppm (ACGWTLV

Section 3: Hazards Identification

Routes of Exposure;
Ingestion: sngmty toxic. May ¢ause nauses, abdominat discemior, vombing, dizziness, and

Skinﬁbmﬂm May cause sidn intation or ulearation.

Inhalation: May be hanmiul f Inhalad. Material may be Iritating to nasal sephum, throat, miucous mambranes
and Upper respiratory tracd,

Eye Gontact: May cause krttatlon includiig stmning tearing, and rednass. May cause comeal injury or
Bhie-geay syes

M«Wm Quarsxpasure: Absorplion of sitver compaunds by ingestion, infrafation or thraugh
broken skif tan cause atgyria, a permanent bliish-gray dissolofation of the sk, conjunctiva and mucais
membranes. Skin contact may aggravats an existing dermalitis,

Other Health Hazards: None Gurrently knowh,

Section 4: First Aid Measures

Otstain medicat attention for all cages of over-exposura.



Symptoms and effects: Headache, Dizziness, Nauséa. Narcosis, Dryness of the skin. Ingsstlon may
¢aus4 inebriation and coma. Irrtation of the skin, syés, and raspiratory tract.

ingastion: If conacious, wash out mouth with water. DO NOT Induca vomiting. ! rapld recovery does nat
oceur, cbtaln medical aitention, Give water to drink, providing patient s congclous,

Skin Absorption; Wash skin with soap and water for at least 15 minutes. If persistent Irritation cccurs,
obtain medical attention, Remava confeminated clothing and shaes. Wash clothing hafors reuse. Thoroughly
clean shoes befora rauss,

Inhaiation: Remave to fresh alr, Give arfificial respiration i not braathing. 1f breathing I ditficult, oxygen
may be glvan by quaifisd parsannel. Obtain medical assislance If discomfort persists,

Eya Gontact: Flush ayas wih water for af least 15 minutes occasionally IRing jower and upper eylids.
Obtaln medisa attantion.

Advice to physicians: Darmatils mey result from prolongad or rapaated exposure. May causs central
nervous system depression,

Section §: ‘Fire Fighting Measures
Fire/Explosive Praperties

Flash Paint.  53°F (12°C) Tag Closed Cup
Flammable Limits in A 2.0+ 12.7%

NFPA Rating: Health { Fira 3 Reactivity 1

Spezifle hazards: Hazardous combustion products may include carbon monoxida, The vaper ts heavisr
than air, spreads along the ground and distant ighition is possible, May produgs a floating fire hazard.
Static Ignition hazard can result from handiing and use, Any vary finely divided particies (ultra-fine
powder) may bum in alr. Combustion of sitver powdar may cause tha relaaae of toxle metal oxide fume,
Explosion: This material, like most materiats In powder form, is capable of creating 2 dust sxplosion.
Extingulahing Mexla: Alcohol reststant foam, water spray o fag. Dry chemical powder, sarbon dioxide,
aand or garth may bs used for smali firea only. Sand or dry pawdler type specially designed for metal powdér
fires. Do not use water,

Unsuitable sxtinguishing madia: Waler by 2 jat,

Protactive squipmant: Full protective sisthing and salf contained breathing appargtus.

Other infonnation: Keep adiacent containers coul by spraying with water, Use water spray {o disparse
vapors » fe-igniticn Is possibie In the event of 4 firs, wear full protective clothing and NIOSH-apgroved self
contained n{h;l&aihmq apparatus with full face plece oparaled in the pressurs demand o other positive
pressurs mode,

Sectlon 6: Accldental Release Measures

Personal prezautlons: In case of a leak or spill, avacuate area, shut off all sources of ignition and use non-
sparking tocls. Avold contat with skin and eyes, Ventilate contaminated area tharaughly, Do not
breathe vapor. Extingulsh naked flamas, No moking. Avold sparks, Evacuate the area of al hon:
assenial peraonnel. Shut off leaks, f possible, without personal dek. ’
Farzonsl protection: Waar PYC, nsoprene, or nitrile rubber gloves, PVC one-place Sult with Integral
hood, and rubber, knee-langth asfety boots. Wear full face-piece respirator wilh organic vapor canister
NPF 400, in 8 confined space, wasr ssil-contained breathing apparatus cpan cirsul type NPF 2000, For
smaller splis, wear ays protéciion, seicontaingd bresihing apparatus, doots, and protactive gloves. Wear
diaposable caveralls and discary anaruse, :

Enviranmental precautions: Prevent cortamination of soil and water. Prevant from spreading or antering
indo drains, diichss, or rivars by using sand, earth, or other appropriate bamlers

Glean-up methoda - small spilage: Avold raising dust. Absarb o contain liguid with sand, sarth or spill
canirol material, Shovel up and place in a labelsd, seglable comtainer for subaequent safe disposal, Put
leaking containgrs in a labeled drum or overdrum, Flush contaminated area with plenty of water. Retaln
washings as contaminated waste,

Claan-up methada - large spiflaga: Avaid raiging dust, Transfer to 4 labeled, sealable cortainer for
product recovery or safe disposal. Treat residues as for small splllage.

(%h’ Aoy
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Other information: Risk of e@bsinn‘ Inform tha emergancy services i iquid enters surface water
drains. Vapor may form an axplosiva mixtura with alr, Se2 sestion 13 for information on disposal,

Section 7: Handling and Siorage

Hangdling: observe all warmings arid pracautions isted for iha produst, Avoly prolonged of tapaated cantict
wilh skin, Avold contact with ayss, Wash thoroughly after handiing. Extinguish any naked flames.
Remove lgnition sources. Avoid sparka. Do not smoke, Take precaulionary medsures against static
diachangas. Ground all equiprent, Do not smpty into dralis.

Hanelfing temgaratures: Amblert.

Storaga: Tanks should bé fitted with & vapor recovary syalem, Vapors may sattie in low of confinad
areas. Keap away from direct suniighl and other sources of heat or gnition, Do not smoke in storage
areas. Kaap cantsiner tightly closed and In 8 seol, dry, walkveniitated placa, Vagors may colisct in
containers; treat empty containers a8 hazardous.

o tamparaturss: Amblent,

Pmdm%r ranster: Take pracaulionary inessures againat static dischargas. Earth afl equipment. Avold
splash fling. .

Ravommunded materiala: For containats or condainer linings, use mild stee) or stainiass stesi. If dliuted
witlh di-lonized watir, sl containers may ba unsultable, :

Section 8; Exposire Controls, Personal Protection

Qccupationalaxpasire standands:

Compoien name Umitiype  Value Unit Othwr infwmslion

lacprogyl alsahol TVITWA 598 . mgim! (400ppm for 8 hours)
STRL 1250 mgn’ (500ppm for 18 ming)

Bitvar TTWA D

PELUTWA 001 mgm®

Ventiletion System: Use only It welkventilited sraas. A system of loca) andior genersi axhaustls
recommendsd Lo kaep smpioyes exposirss below the Alrborne Exposure imita, |oeal exhiaust vantiation
s generally prefermed bacause it can control tha emission of the contaminant a1 1s sourca, praventing
disparslon of  inta the ganeral work sreg. Local vantilation Iy nesded wher vapors escap b the workplace
air. .
Resplrstory protection; Respirators may ba necassary when engineering and adminisirative corrols do
nol adaqualely prevent exposures. Currently, thisrs ars no spacific expasure liits for airbome exposums 10
enginasred hanoparticies 2though occupational axpostrs imits axist for larger particles of similer chemical
composition. The decision to uss respiratary protection should be based on professional judgment thet
{akes into account toicky informition, exposure measuremen data, and frequancy end ikelihood of the
worker's expesure, Prafiminary avidance shows that for respiration Ritration miedia Ihare s o devistion from
o classical single-iber theory for particutates a3 small as 2.3 nm in diameler. While this evklenca needs
sonfirmation, NIOSH certified reapirators will be useful for protacting workers from nanoparticies inhalation
whan properly selected and fl tested as part of a complata reapiratory protection progrem. Usé NIOSH
approved positiva flow mask If dust becomes aitboma, Try o avold crasting dust sanditions,

Eys profection: Use chemcal safety goggles andior full faca shisid whare dusting of spiashing of splution
is posaible. Maintatn eys wash fountain in work area, .

Skin Protection: Wear impervious protective clothing including baota, gloves, tab coat, apron or

coveralls, 88 appropriate, to prevent skin contact. Wash thoroughly after handiing, Maitain quick-dranch
faclktias In work anea, :

Section 8: Physical and Chemical Properties

Pfh-nxm
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Appearancs: grey suspansion
Slivar metal [2440-22-4]

Vaper Dmly CAIM}
Vapor Pressure,
avapmuon Rate;

N e
Dacompesition Temp:
Sofubity n water:

isaprapans! (87830
Odar -

Molcular Welght:

vmr pressurs 9 20C:
Vapor densily;

Boyﬁnq pomt@ 7680mm H:

mtymwmr
Spacinc Gravity @ 2C;
Evaparation Rata

Percent Volaites:

Flash point:

Explosion imit - upper:
Explosian limit - lower:
Aute-gnition temperature:
Ciher properties:

10.48 glem3
0,5 glem3
107.868 AMU
Not available
2812C (4014F)
8820 (1784F)
Not availabls
Not svailable
Not avatiable
Nat applicable
Not avallable
Not soiuble

charactiristic

80.10

33 mm H

2.1 (air =)

82.3.6 (180F)
-86C {127R)

corr';ptace @200

Zﬂ(butyiacataieﬂ)

12'0. (Absl)
12% (vh)
2% (vh)
428°C

Section 10: Stability and Reactlvity

Stakility: Stable under ordinary conditians of use and Stotaga. Reacls wilh strong oxidizing agents. Reacts

with slrong selds.

Condlitions to avoid: Heat, flams, spark; Dust generation and hcompatibles.

incompatibliity/Matsrials t5 avoid: strong .oxidizing agents; sirong Inorganic acids; halogens;
dldetydes; and halogen. compounds. Shver s incompatible wilh acetylons, smmonis, strong
hydrogen paroxide soluthons, airong acide, oxalic scid, tamrlc ao(d, brovoszide, chiorina rifuorida,

. and gthylenaimine, .

Hazardous Combustion/Decomposition Prndm Carbon monoxide andlor carbon dloxlda,

Metal oxida fume.

Haxardius Polymerization: Will not otcur

Section 11: Toxicological Information

Sliver meta) FMO-ZZ-‘H
NTP Known Carcinogen:

NTP Anticipated Cmnogan
JARC Category:

(:;-lm

No
No
Nona
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Isopropanel [87-63-0}:

Basis for asaasament: Information given is based on produc! data,

Acute toxlefty - oral: LD50 > 2000 mgikg

Acute taxielty - derma: LD50 > 2000 mgkg

Acuta taxicity - inhafation: LCE0 » 5 mgd

Eye Iriation: Slight imitant.

Skin intation: Slight Irritant.

Respiratory itaion: ~ Irritant in animai studies,

Skin sensitisation: May cause skin sensttisstion,

(Sub) shronic toxicity: Repeated exposure causes liver damaga.

Human affécts: Repeated exposurs can load to alerglc contact dematitis, High

eXposures ¢an cause droweiness and dizziness, Can cause liver damage,

Section 12: Ecologleal Information

Siivar metal [7440-22-4] .
Environimental Fate: No information found In our sslecied referances,
Envirenmental Toxlelty: No Informatlon found in our setected sources

Bloaccumulation: Not expacted to aceur,

{sopropanol [87-83.0]:

Environmantal Fats:

YWhen refsasad ito ihe soil, this material is expected to quickly svaporsta, When felaased irto the sol,
this matarial may leach into groundwater. When released fivlo the a1l this material may blodegrade 1o 2
moderate extert, When released to watar, thia material is axpected to quickly evaporate. When rsleased
into the water, this material ls expected to have a halk-ife belween 1 and 10 days, When relsased inlo
water, thls material may blodsgrade to a moderate sxtent, This rmaterial {8 not expacted 1o signifcantly
bloaccumulata, When releasad into the alr, this material is axpected to be readily degraded by reaction
with phétochemically praducad hydroxyl radicala, When raleassd into the alr, this material Is expested fo
have a halt-ife betwaen 1 and 10 days. When released nto the air, this material may be ramavecd from
the atmosaphare to 8 moderate axient by wel depostion.

Environmental Toxleity:

Blo-aceumuletion: Doas not blo-accumulste,

Acute toxtcly - fish: L.C50 > 100 mgh

Acute foxclty - daphiia; EC20> 100 mgd

Acite toxiclty - algae: 1C50 > 100 mgd

Ate toulaity - bactara: 1C50 > 100 mgA

Sawage tesiment: Practically nen-toxic, EC50 > 100 mg/, to organiams in sewage
rastment planis. :

Qther information; - Posas a sighificant tisk of oxygen depletion In aquatis systems,

Section 13: Disposal Considerations

This material and e container must be disposed of as hazardous waste,
Pracautio

io; Refer to Section 7 bafora handling the products or containers,
Waste diapoaal: Recover or recycls if possible. Otherwise incineration,
Product disposat; Racover or recycle if poasible. Otherwise incinaration,
Contalner disposal; Drain contalner thoroughly. After draining, vént in a safe place away

from sparks and fire, Vapors may collact in empty containers, Send to dtum recaversr or metal
reclaimer, Residues may cause an explosion hezard. Do not puncturs, out, or weld uncieaned drums,
Processing, use, or contamination of thig product may changs the waste managemant options.

5= -
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Dispoas of spikelean up and othar wastas in acoordance with Federal, State, and local regulations,

Section 14: Transport information

Froper Shipping Nane: lsapropanol
-Hazard Clssa: 3 P

UN Numbsr; 1218
Packaging Group I

IMO information; lsopropancl
Label of Class: 3.2

Packaging Group 1
mrmedigie nal;phpoim group
Section 15! Regulatory information

~Chemical Inventory Status - Part 1—

Ingradient TSCA EC  Japan  Auslralla
|soprapyl Alcohol (87-683-0)  Yes Yes  Yes Yaa
Silver (7440-22-4) Yos 1ot avalable——mecesmmm—
~Chemizsl Invantory Stetus - Part 2—
~Canada--
Ingredient : Kores DSL NDSL  Phil
{sepropyl Aleohol (87-83- Yes  Yes  No . Yes
Shiver (T340-22-4) Ho  Yes No
" ~Federal, Stats & Infernational Regulations - Part 1~
~8ARA 302- e BARA 313m e
Ingredisnt RO TRQ  Ust Chamical Catg.
lsopropyl Aleohol (87-83-0) Mo No Yes No
Sitver {7440-22.4) Yon
«Fadaral, State & Intemations! Regulations - Part 2w
~RCRA- ) TG0 A
Ingradiset CERCLA /133 8
Isopropyl Alcohol (87-83-0) Np - Ne No
Sliver (T440-224) 6000 No Mo

Chemical Weapons Convention: No  TSCA 12(b): No  COTA: Yes
SARA 311/312: Acute: Yes Chronic: Yas Fire: Yas Pressura: No Reaclivity: Mo (Mixture / Liquks)

Augtratian Hazehem Code: 2S12

Poison Schedule: None sllocated,

EC Label hame: lsopropanol

EC Classlfication: Highly flammatia

EC Symbols: EA

EC Safety phrases:

L1 Keep comtaite tightly chsad

516 Ketp away from sources of ignition - no smaking.

R-phrasats):

Rit: Highly Flammeble

R38: imiating to ayss ot
ReT: Vapors miay causs Crowsingss o

@3&«1 Posteayy
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dizziross

EINECS (EC): 200-681-7
EC Annex | Number. £03-003.00-0
MIT| (dapan): : 2207

TSCA (USA): Ligted

AICS (Australia): Listett

DSL {Canada): . Listed

Section 16: Qther Information
HFPA Ratings: Heafth: 1 Flammabitty: 3 Reactivity: 1

Labal Hazard Warning:
WARNING! FLAMMABLE LIQUID AND VAPOR. HARMFLIL IF SWALLOWED OR INHALED. CAUSES
IRRITATION TO EYES AND RESPIRATORY TRACT, AFFECTS CENTRAL NERVOUS SYSTEM. MAY
BE HARMFUL IF ABSORBED THROUGH BKIN. MAY CAUSE IRRITATION TO SXIN.
. Labsi Pracautions:
Keap away from hest, sparks and flame.
Keep contalner chosed.
Use anly with adequata ventiiation,
Wazh thoraughly gfter handliing,
Avoid breathing vapar, mist, or dust,
Avold contac! with ayes, $kin and slothing,
Laws! First At
If swallowed, give large amounts of water to drmk. Nover give anylhing by mouth to an
uneonseious parson. If inhaled, cermove to frash air, If not breathing, give artificial
respiraticn, if bréathing Is difficult, give oxygen. In case of contact, Immediately flush ayes
or gkin with plenty of water for st least 15 minutes. Remave contaminated clothing snd
shoes. Wash clothing before reuse. In 2l cases, gat medical attentlon.

MSDS Creation Date: 2/06/2007
Last Updated: 00/01/09

The iformsiion above f baisvad to e actucate M repmswiNa the busl Mformation cureatiy aveliab to ua and is appicable o
mm«mwmmmo Salhly precutions. Itdmmmpnmfwymmnm 0oF the prupedtion of tha procucy, THIS

docuna 3 oforeq SRl a3 8 guikle o the siicalion, aind 74 infended oy 43 & guike o

the approgiriaty provautionary hundiing of the mmrm bya pwpoﬂxtmmmaon usng thi produict These Biggesions ¢ not

nplaa:e S8, frineipal sngr Fralranes o9 1. Any us9 st b detammined By the tser to by i atiendance
g Faderal, stald and lecal i We e no maufy»rmmmm oF any ether wamanty, oxpross of imglisd,

mmmm suoh m:marlon and wa assuma na Hiebiily miting trom % use, It s the wanr's msponsibiity to etlsly himasit 28
totha sutabilty and compietenass of such information for s own particufar appication. Inno avent shad Saashed Tachnology,
LLC» lintin branydalm faswes, or domages af any thid parly or for fost prafte or any spocial, indiract, incidenta), consequential

arlsing, evan it Seagheil Technology, LLE has been édvisd of the posibily of sich demeges.
sasmvmulde a!ilwomcrpmg allp !nrmmmenmandaom«uo!ﬂla

(s%.wm
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Attachment 4:

Section D-F for Nano Titanium Dioxide



Product / Production Information (Based on three Stanford University academic research laboratories)

Nano Chemical Name:

Nano Titanium Dioxide

' _ommercial Name(s):

Ti-Nanoxide; Degussa P-25 TiO,; Titania

Annual Production Volume:

N/A (purchased ~150 g)

Production Method(s):

Unknown

Identification of the Supplier(s):

Solaronix; Degussa; Dyesol

Functionalization)

Parameter Value / Range1 Name of Analytical Method(s)2
(include units)

Physical Properties

Shape (Morphology) Spherical From Suppliers

Density 4.23 g/cm® From Suppliers

Surface Area 50-80 m*/g From Suppliers

Particle Size Air 15-18 nm From Suppliers

Distribution —— -
Liquid 15-20 nm Transmission Electron Microscopy
Solid / Powder 15-80 nm Transmission Electron Microscopy, Scanning Electron

Microscopy
Other (Specify
Chemical Properties
.-I_Chemical Composition TiO, X-Ray Diffraction
Surface Modification (Coating, Unknown Unknown

Purity

~3% - 99%

From Suppliers

Surface Charge

Unknown

Unknown

Dispersion’ Air N/A (paste); Unknown (powder) | N/A (paste); Unknown (powder)
Liquid Disperses in Ethanol (paste); Visible examination (paste); Unknown (powder)
Unknown (powder)
Solid N/A (paste); Unknown (powder) | N/A (paste); Unknown (powder)

Identifying and Determining
Concentration of Nano Chemical, Its
Metabolites, and Degradation Products
in Specified Matrices
Water, Air, Soil, Sediment, Sludge,
Chemical Waste, Fish, Blood, Adipose
Tissue, Urine, Other (Specify)

See Section F

Solubility Water Solubility

None (paste); Unknown
(powder)

Visible examination (paste); Unknown (powder)

Solubility in Organic
Solvent

Slightly soluble in ethanol
(paste); Unknown (powder)

Visible examination (paste); Unknown (powder)

n-Octanol- Water Partition Coefficient

Unknown

Unknown




Stability and Flammability None (paste); Unknown From Supplier (paste); Unknown (powder)
Reactivity (powder)
Explosiveness None (paste); Unknown From Supplier (paste); Unknown (powder)
(powder)
Oxidizing Properties None (paste); Unknown From Supplier (paste); Unknown (powder)
(powder)
Oxidation Reduction -0.25 V vs. SCE (paste); Unknown | From Scientific Journal (paste); Unknown (powder)
Potential (powder)
Stability and Storage Stability and Stable (paste); Unknown From Supplier (paste); Unknown (powder)
Reactivity Reactivity (Container (powder)

Material)

Stability to Thermal,
Sunlight, and Metal(s)

Stable, plastic container (paste);
Unknown (powder)

From Supplier (paste); Unknown (powder)

Chemical Name

Source

Nano Titanium Dioxide

Solaranix; Degussa; Dyesol

Nanomaterial Purpose (sample, Matrix
prepare, analyze)
Nano Titanium Dioxide N/A N/A

Method description

N/A




MATERIAL SAFETY DATA SHEETS




SOLARONIX

. Page 1/6
Safety data sheet
according to 1907/2006/EC, Article 31
Printing date 01.05.2011 Version number 1 Revision: 01.05.2011

1 Identification of the substance/mixture and of the company/undertaking

-Product identifier

- Trade name: Ti‘NanOXide T"L

- Relevant identified uses of the substance or mixture and uses advised against
- Application of the substance / the preparation Transparent Nanocrystalline Titanium Dioxide

- Details of the supplier of the safety data sheet
- Manufacturer/Supplier:
SOLARONIX SA
Rue de I'Ouriette 129, CH-1170 Aubonne, Switzerland
info@solaronix.com
T +41 21 821 22 80
www.solaronix.com
F +41 21 821 22 89
info@solaronix.com
- Emergency telephone number: Swiss Toxicological Information Center: +41 44 251 51 51

2 Hazards identification

- Classification of the substance or mixture
- Classification according to Regulation (EC) No 1272/2008

 GHSO07 . )

Skin Irrit. 2 H315 'Causes skin irritation.

Eye Irrit. 2 H319 Causes serious eye irritation.
- Classification according to Directive 67/548/EEC or Directive 1999/45/EC
¢ | Xi: Iritant

R36/38: Irritating to eyes and skin.

- Information concerning particular hazards for human and environment:
The product has to be labelled in the latest valid version according to the calculation procedure of
the "General Classification guideline for preparations of the EU" .

- Classification system:
The classification is according to the latest editions of the EU-lists, and extended by company and
literature data.

- Label elements
- Labelling according to Regulation (EC) No 1272/2008

The product is classified and labelled according to the CLP regulation.
- Hazard pictograms

GHS07

- Signal word Warning
- Hazard statements

H315 Causes skin irritation.

H319 Causes serious eye irritation.
- Precautionary statements

p280 Wear protective gloves/protective clothing/eye protectlon/face protection.
(Contd. on page 2)
—GB—




SOLARONIX

Page 2 /6
Safety data sheet
according to 1907/2006/EC, Article 31
Printing date 01.05.2011 Version number 1 Revision: 01.05.2011

Trade name: Ti'NanOXide T'L

(Contd. of page 1)
P305+P351+P338 IF IN EYES: Rinse cautiously with water for several minutes. Remove contact
lenses, if present and easy to do. Continue rinsing.

P321 Specific treatment (see on this label).
P362 Take off contaminated clothing and wash before reuse.
P332+P313 If skin irritation occurs: Get medical advice/attention.
P337+P313 If eye irritation persists: Get medical advice/attention.

- Other hazards

- Results of PBT and vPvB assessment
- PBT: Not applicable.
- vPvB: Not applicable.

3 Composition/information on ingredients

- Chemical characterization: Mixtures

- Description:
Paste containing about 11% wt. of 15-20 nm titanium dioxide (TiO2) anatase particles CAS 1317-
70-0

- Dangerous components:
78989-43-2 | Red fuming nitric acid ‘ <2.5%

C R35; [ O R8
Ox. Lig. 2, H272; €> Skin Corr. 1A, H314
- Additional information: For the wording of the listed risk phrases, refer to section 16.

4 First aid measures

- Description of first aid measures
- After excessive inhalation:
In case of unconsciousness place patient in a stable laying down side position for transportation.
- After skin contact: Immediately wash with water and soap and rinse thoroughly
- After eye contact:
Rinse opened eye for several minutes under running water. If symptoms persist, consult a doctor.
- After swallowing: If symptoms persist consult a doctor.
- Information for doctor:
- Most important symptoms and effects, both acute and delayed
No further relevant information available.
- Indication of any immediate medical attention and special treatment needed
No further relevant information available.

5 Firefighting measures

- Suitable extinguishing agents:
CO2, powder or water spray. Fight larger fires with water spray or alcohol resistant foam.
- Special hazards arising from the substance or mixture
No further relevant information available.
- Advice for firefighters
- Protective equipment: No special measures required.

cg—!
(Contd. on page 3)




v SOLARONIX

Page 3 /6
Safety data sheet
according to 1907/2006/EC, Article 31
Printing date 01.05.2011 Version number 1 Revision: 01.05.2011

Trade name: Ti'NaHOXide T'L

(Contd. of page 2)

6 Accidental release measures

- Personal precautions, protective equipment and emergency procedures Not required.
- Environmental precautions:
Dilute with plenty of water.
Do not allow to enter sewers/ surface or ground water.
- Methods and material for containment and cleaning up:
Absorb with liquid-binding material (sand, diatomite, acid binders, universal binders, sawdust).
- Reference to other sections
See Section 7 for information on safe handling.
See Section 8 for information on personal protective equipment.
See Section 13 for disposal information.

7 Handling and storage :

- Handling:
- Precautions for safe handling No special precautions are necessary if used correctly.
- Information about fire - and explosion protection: No special measures required.

- Conditions for safe storage, including any incompatibilities

- Storage:

- Requirements to be met by storerooms and receptacles: No special requirements.
- Information about storage in one common storage facility: Not required.

- Further information about storage conditions: Keep container tightly sealed.

- Specific end use(s) No further relevant information available.

8 Exposure controls/personal protection : :

- Additional information about design of technical facilities: No further data; see section 7.

- Control parameters

- Ingredients with limit values that require monitoring at the workplace:
The product does not contain any signifiant quantities of materials with critical values that have to
be monitored at the workplace.

- Additional information:
As a basis for the production of this document, the most current valid lists were used.

- Exposure controls .

- Personal protective equipment:

- General protective and hygienic measures: Keep
away from food, beverages and petfood. Immediately
remove all soiled and contaminated clothing Wash hands
before breaks and at the end of work.

Avoid contact with the eyes and skin.
- Respiratory protection: Not required.
- Protection of hands: ’

| Protective gloves

The glove material has to be impermeable and resistant to the product/ the substance/ the
preparation.

(Contd. on page 4)




SOLARONDC

: Page 4 /6
Safety data sheet
according to 1907/2006/EC, Article 31
Printing date 01.05.2011 Version number 1 Revision: 01.05.2011

Trade name: Ti'NanOXide T"L

- Gloves material :
The selection of suitable gloves does not only depend on the material, but also on further marks of
quality which may vary from manufacturer to manufacturer. As the product is a preparation of
several substances, the resistance of the glove material can not be calculated in advance and has
therefore to be checked before use.

- Eye protection:

(Contd. of page 3)

- Information on basic physical and chemical properties

- General Information

- Appearance:
Form: Liquid
Colour: According to product specification
- Odour: Characteristic
- Odour threshold: Not determined.
- pH-value: Not determined.

- Change in condition

Melting point/Melting range:

Boiling point/Boiling range:

Undetermined.
100°C

- Flash point:

Not applicable.

- Flammability (solid, gaseous):

Not applicable.

- Ignition temperature:

Not applicable.

- Decomposition temperature:

Not determined.

- Self-igniting:

Product is not self igniting.

- Danger of explosion:

Product does not present an explosion hazard.

- Explosion limits:
Lower:
Upper:

Not determined.
Not determined.

- Vapour pressure at 20°C:

23 hPa

- Density:

- Relative density
- Vapour density

- Evaporation rate

Not determined.
Not determined.
Not determined.
Not determined.

- Solubility in / Miscibility with
water:

Fully miscible.

- Segregation coefficient (n-octanol/water):

Not determined.

- Viscosity:
Dynamic:

Not determined.

(Contd. on page 5)




®' SOLARONIX

Page 5/6
Safety data sheet
, according to 1907/2006/EC, Article 31
Printing date 01.05.2011 Version number 1 Revision: 01.05.2011

Trade name: Ti‘NanOXide T'L

(Contd. of page 4) -

Kinematic: Not determined.
- Other information No further relevant information available.

10 Stability and reactivit

- Reactivity
- Chemical stability
- Thermal decomposition / conditions to be avoided:
‘No decomposition if used according to specifications.
- Possibility of hazardous reactions No dangerous reactions known.
- Conditions to avoid No further relevant information available.
- Incompatible materials: No further relevant information available.
- Hazardous decomposition products: No dangerous decomposition products known.

11 Toxicological information

- Information on toxicological effects

- Acute toxicity:

- Primary irritant effect:

- On the skin: Irritant to skin and mucous membranes.

- On the eye: Irritating effect.

- Sensitization: No sensitizing effects known.

- Additional toxicological information:
The product shows the following hasards according to the calculation method of the General EU
Classification Guidelines for Preparations as issued in the latest version:
Irritant

12 Ecological information

- Toxicity

- Acquatic toxicity: No further relevant information available.

- Persistence and degradability No further relevant information available.

- Behaviour in environmental systems:

- Bioaccumulative potential No further relevant information available.

- Mobility in soil No further relevant information available.

- Additional ecological information:

- General notes:
Water hazard class 1 (German Regulation) (Self-assessment): slightly hazardous for water.
Do not allow undiluted product or large quantities of it to reach ground water, water course or
sewage system.

- Results of PBT and vPvB assessment

- PBT: Not applicable.

- vPvB: Not applicable.

- Other adverse effects No further relevant information available.

g
(Contd. on page 6)
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13 Disposal considerations

- Waste treatment methods
- Recommendation

| Must not be disposed of together with household garbage. Do not allow product to reach
.| sewage system.

- Uncleaned packaging:
- Recommendation: Disposal must be made according to official regulations.
-Recommended cleansing agents: Water, if necessary together with cleansing agents.

port information

- Land transport ADR/RID (cross-border) :
-ADR/RID class: -

- Maritime transport IMDG:
- IMDG Class: -
- Marine pollutant: No

- Air transport ICAO-TI and IATA-DGR:
-ICAOI/IATA Class: -

- UN "Model Regulation™: -
- Special precautions for user Not applicable.
- Transport in bulk according to Annex Il of MARPOL73/78 and the IBC Code Not applicable.

15 Requlatory information

- Chemical safety assessment: A Chemical Safety Assessment has not been carried out.

16 Other information
This information is based on our present knowledge. However, this shall not constitute a guarantee
for any specific product features and shall not establish a legally valid contractual relationship.

- Relevant phrases
H272 May intensify fire; oxidiser.
H314 Causes severe skin burns and eye damage.

R35 Causes severe burns.
R8 Contact with combustible material may cause fire.
- Abbreviations and acronyms:
ADR: Accord européen sur le transport des marchandises dangereuses par Route (European Agreement concerning the
International Carriage of Dangerous Goods by Road)
RID: Réglement international concernant le transport des marchandises dangereuses par chemin de fer (Regulations
Conceming the International Transport of Dangerous Goods by Rail)
IMDG: International Maritime Code for Dangerous Goods
IATA: International Air Transport Association
IATA-DGR: Dangerous Goods Regulations by the "International Air Transport Association" (IATA)
ICAO: International Civil Aviation Organization
ICAO-TI: Technical Instructions by the "International Civil Aviation Organization" (ICAQ)
GHS: Globally Harmonized System of Classification and Labelling of Chemicals
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Ti-Nanoxide HT-L Ti-Nanoxide T-L is an acidic colloidal paste in a mostly alcoholic vehicle. .

It contains about 11 % wt. nanocrystalline titanium dioxide. This paste is Conditioning:

well suited for coating heat sensitive substrates, such as polymers. 10g
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v Recommended for doctor-blade (squeegee) printing. The sintering of this 209
) . paste can be done starting at 120°C and the obtained layer is S0g
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Comparison chart

Customer adapted
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Specifications
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Anatase particles: 15-20 nm
Concentration: ~11 % wt.
Diffusing particles: none
Vehicle: ethanol, water, acids
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1. IDENTIFICATION OF THE SUBSTANCE/PREPARATION AND OF THE COMPANY/UNDERTAKING

Product information
Trade name : AEROXIDE® TiO2 P 25

Company . Evonik Degussa GmbH
Inorganic Materials
Produktsicherheit IM-IM-PS
Postfach 1345
D-63403 Hanau

Telephone : +49 (0)6181 59-4787
Telefax : +49(0)6181 59-4205
Email address . sds.asfp@evonik.com
Emergency telephone number 1 +49(0)7623-919191
Use of the Substance / : Catalyst support
Preparation Stabilizer

UV-filters

2. HAZARDS IDENTIFICATION

Additional safety information for humans and the environment

On the basis of our data the product is not a hazardous substance as defined by the Chemicals Act or
Hazardous Substance Ordinance in the currently valid versions.

3. COMPOSITION/INFORMATION ON INGREDIENTS

Information on ingredients / Hazardous components

¢ Titanium dioxide
CAS-No. 13463-67-7 EC-No. 236-675-5

See chapter 16 for text of risk phrases

4. FIRST AID MEASURES

Inhalation

In case product dust is released:
Possible discomfort: cough, sneezing
Move victims into fresh air.

Skin contact

Wash off with plenty of water and soap.

Eye contact

Possible discomfort is due to foreign substance effect.
Rinse thoroughly with plenty of water keeping eyelid open.
In case of persistent discomfort: Consult an ophthalmologist.

SDB(P04/001) / 23.08.2008 03:47
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Ingestion

Clean mouth with water and drink afterwards plenty of water.
After absorbing large amounts of substance / In case of discomfort: Supply with medical care.

Notes to physician
No hazards which require special first aid measures.

5. FIRE-FIGHTING MEASURES

Suitable extinguishing media
All extinguishing substances suitable.

Specific hazards during fire fighting
None known

Further information

Water used to extinguish fire should not enter drainage systems, soil or stretches of water.

Ensure there are sufficient retaining facilities for water used to extinguish fire.

Fire residues and contaminated fire extinguishing water must be disposed of in accordance with local
regulations.

6. ACCIDENTAL RELEASE MEASURES

Personal precautions
Wear personal protective equipment.

Environmental precautions
Do not allow entrance in sewage water, soil stretches of water, groundwater, drainage systems.

Methods for cleaning up

Sweep up or vacuum up spillage and collect in suitable container for disposal.
Avoid dust formation.

7. HANDLING AND STORAGE
Handling

Safe handling advice
If necessary: Local ventilation.

Advice on protection against fire and explosion
Take precautionary measures against static discharges.

Storage

Requirements for storage areas and containers
Keep in a dry place.

SDB(P04/001) / 23.08.2008 03:47
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8. EXPOSURE CONTROLS / PERSONAL PROTECTION

Components with workplace control parameters

Personal protective equipment

Respiratory protection

No special protective equipment required.

If dust occurs: Dust mask with P2 particle filter

Hand protection

Wear protective gloves made of the following materials: nitrile rubber (NBR), butyl rubber, PVC.

The material thickness and rupture time data do not apply to non-solute solids / dusts.

Eye protection

Safety glasses with side-shields

If dust occurs: basket-shaped glasses
Skin and body protection

No special protective equipment required.
preventive skin protection
Cleanse and apply cream to skin after work.

Hygiene measures

When using, do not eat, drink or smoke. Wash face and/or hands before break and end of work.
Avoid contaminating clothes with product. Wash contaminated clothing after use.

Protective measures

Handle in accordance with good industrial hygiene and safety practices.

If there is the possibility of skin/eye contact, the indicated hand/eye/body protection should be used.

If the limits at the workplace are exceeded and/or larger amounts are released (leakage, spilling, dust)
the indicated respiratory protection should be used.

9. PHYSICAL AND CHEMICAL PROPERTIES

Appearance
Form powder
Colour white

. Odour odourless

Safety data
pH 3.5-45 40g/l) (20 °C)
Melting point/range ca. 1850 °C
Boiling point/range not applicable
Flash point not applicable
Flammability not applicable
Ignition temperature not applicable

Autoinflammability not applicable

SDB(P04/001) / 23.08.2008 03:47
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Lower explosion limit not applicable
Upper explosion limit not applicable
Minimum ignition energy > 10 Joule
Vapour pressure not applicable
Density ca. 3.8 g/cm3 (20 °C)
Tapped density ca.130g/!
Method: DIN 53 194
Water solubility insoluble

Partition coefficient (n-octanol/water) not applicable

Viscosity, dynamic not applicable

10. STABILITY AND REACTIVITY
Hazardous decomposition products ~ None known

Thermal decomposition >2000 °C

11. TOXICOLOGICAL INFORMATION

Acute oral toxicity LD50 Rat: > 10000 mg/kg
Method: literature
(limit test)

Acute dermal toxicity LD50 Rabbit: >= 10000 mg/kg

Method: literature

Skin irritation Rabbit / literature
not irritating

Eye irritation Rabbit / literature
not irritating

Sensitization Optimizations-test guinea pig: not sensitizing
Method: literature

Patch test : not sensitizing
Method: literature

Gentoxicity in vitro Microorganisms, cell cultures
Shown no mutagenic/genotoxic effect., literature

Gentoxicity in vivo Microorganisms, cell cultures
Shown no mutagenic/genotoxic effect., literature

Carcinogenicity Oral rat, mouse: 103 weeks

SDB(P04/001) / 23.08.2008 03:47
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no evidence that cancer may be caused, literature.
Feeding experiments

inhalative Rat; 2 years
Method: literature
Increased incidence of lung tumors.

The scientific discussion of the tumorigenic effect of sparingly soluble
inorganic particles (fine dusts)- such as titanium dioxide - is ongoing. It is
the opinion of many inhalation toxicologists that the tumor formation
observed in rats results from a species-specific mechanism involving
overloading of the rat lung (overload phenomenon). Corresponding findings
resulting from exposure of humans have not been observed to date. On the
other hand, the International Agency for Research on Cancer (IARC)
assessed, in February of 2006, the available rat model studies as
constituting sufficient proof of the carcinogenicity of titanium dioxide in
animal models. For humans, the IARC does not see sufficient evidence of
a carcinogenic effect of titanium dioxide. However, the IARC evaluation
scheme results in an overall assessment of titanium dioxide as "possibly
carcinogenic to humans" (Group 2B).

inhalative (mouse): 2 years
no evidence that cancer may be caused, literature.

Human experience Epidemiological studies to date have not revealed any evidence of a
relation between exposure to titanium dioxide and diseases of the
respiratory tract beyond general effects of dust.

12. ECOLOGICAL INFORMATION
Elimination information (persistence and degradability)
Behaviour in environmental compartments

Ecotoxicity effects
Toxicity to fish LC50 Fundulus heteroclitus: > 1000 mg/l /96 h
Method: literature

Toxicity to daphnia ECO Daphnia magna: 1000 mg/l /48 h
Method: literature :

Toxicity to bacteria ECO Pseudomonas fluorencens: 10000 mg/l /24 h
Method: DEV, DIN 38412, T. 8 (modified).

13. DISPOSAL CONSIDERATIONS

Product
Disposal according to local authority regulations.

Uncleaned packaging

Offer rinsed packaging material to local recycling facilities.’
Other countries: observe the national regulations.

SDB(P04/001) / 23.08.2008 03:47
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Waste Key Number

No waste key number as per the European Waste Types List can be assigned to this product, since
such classification is based on the (as yet undetermined) use to which the product is put by the
consumer.

The waste key number must be determined as per the European Waste Types List (decision on EU
Waste Types List 2000/532/EC) in cooperation with the disposal firm / producing firm / official authority.

14. TRANSPORT INFORMATION

Transport/further information
Not classified as dangerous in the meaning of transport regulations.

15. REGULATORY INFORMATION

Labelling according to EC Directives

Other data On the basis of our data the product is not a hazardous substance as
defined by the Chemicals Act or Hazardous Substance Ordinance in the
currently valid versions.

National legislation

16. OTHER INFORMATION

Risk phrase (R phrase) texts

Further information

Changes since the last version are highlighted in the margin. This version replaces all previous
versions.

The information provided in this Safety Data Sheet is correct to the best of our knowledge, information
and belief at the date of its publication. The information given is designed only as a guidance for safe
handling, use, processing, storage, transportation, disposal and release and is not to be considered a
warranty or quality specification. The information relates only to the specific material designated and
may not be valid for such material used in combination with any other materials or in any process,
unless specified in the text.

SDB(P04/001) / 23.08.2008 03:47
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MATERIAL SAFETY DATA SHEET

SECTION 1 IDENTIFICATION OF THE MATERIAL AND SUPPLIER

PRODUCT NAME: DSL 18NR-T (Transparent)

PRODUCT DESCRIPTION: Paste with titanium dioxide particles approximately
' 20nm in diameter.

USE: Screen printing of working electrodes for Dye Solar

Cells and other devices utilising nanoporous
titanium dioxide.

MANUFACTURER:

Company:  Dyesol Australia Pty Ltd

Address: 3 Dominion Place, Queanbeyan
New South Wales 2620
Australia

Telephone:  (+61) (2) 6299 1592

Fax: (+61) (2) 6299 1698

Email: information@dyesol.com

Emergency: (+61) (2) 6299 1592

SECTION 2 HAZARDS IDENTIFICATION

HAZARD CLASSIFICATION: HAZARDOUS SUBSTANCE. NON-
DANGEROUS GOODS. According to the Criteria
of NOHSC.

RISK PHRASE(S): Irritant (Xi) R36/38
SAFETY PHRASE(S): S24: Avoid contact with skin
S25: Avoid contact with eyes
S26: In case of contact with eyes, rinse immediately with

plenty of water and seek medical advice
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SECTION 3 COMPOSITION/INFORMATION ON INGREDIENTS

INGREDIENTS

NAME ) CAS RN PROPORTION
wt% ‘

Titanium Dioxide 1317-70-0 10-30%

Ethyl cellulose 9004-57-3 5-15%

Terpineol 8006-39-1 8001-47-7 50 -70%

Organic plasticiser : 5-20%

SECTION 4 FIRST AID MEASURES

If poisoning occurs, contact a doctor or Poisons Information Centre.

In Australia phone 13 11 26

AFTER INHALATION

If excessive fumes or combustion products are inhaled, remove to fresh air, lay patient
down and ensure clear breathing passages. In case of irritation or discomfort seek
immediate medical advice.

AFTER SKIN CONTACT

The material may be mildly discomforting to the skin.
Open cuts, abraded or irritated skin should not be exposed to this material.
The material may accentuate a pre-existing skin condition.

AFTER EYE CONTACT

In case of contact with eyes, flush with copious amounts of water for at least 15 minutes.
Assure adequate flushing by separating eyelids with finger. Seek medical advice.

IF SWALLOWED

Considered an unlikely route of entry in commercial/industrial/scientific environment
The material should be considered an irritant and may be harmful if swallowed in large
quantity.
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SECTION 5 FIRE FIGHTING MEASURES

FIRE FIGHTING MEASURES

The fire fighting measures are those applicable to the most flammable component,
terpineol.

If safe, remove containers from path of fire.

Wear self-contained respirator and fully protective impervious suit.

SUITABLE EXTINGUISHING MEDIA
Foam, dry chemical powder, carbon dioxide, or water spray(large fires only).

HAZARDS FROM COMBUSTION PRODUCTS
In case of fire toxic fumes of Carbon Oxides (COy) can be released.

PRECAUTIONS FOR FIRE FIGHTERS AND SPECIAL PROTECTIVE
EQUIPMENT
Wear self-contained respirator and fully protective impervious suit.

SECTION 6 ACCIDENTAL RELEASE MEASURES

EMERGENCY PROCEDURES
Wear respirator, chemical safety goggles, rubber boots, and heavy rubber gloves.

SPILLS, LEAKS OR RELEASES

Clean up all spills immediately.

Avoid contact with skin and eyes (gloves and safety glasses).

Use dry clean up procedures and avoid generating dust.

Ventilate area and wash spill site after material pickup is complete.




MSDS DSL 18NR-T (Transparent) 4 of 8

SECTION 7 HANDLING AND STORAGE

PRECAUTIONS FOR SAFE HANDLING
Avoid contact with eyes, skin, and clothing.

Do not eat and/or drink whilst using this material.

Do not eat, drink, or smoke in contaminated areas.

Wash hands thoroughly before eating.

Remove contaminated clothing and protective equipment before entering general or
eating areas.

CONDITIONS FOR SAFE STORAGE

Keep away from sources of ignition.

Keep container tightly sealed and store in a cool, dark, dry, well ventilated area.
Avoid strong oxidising agents, strong bases.

No special precautions are necessary if used correctly.

Decomposition will not occur if used according to specifications.

No dangerous reactions are known.

SUITABLE CONTAINERS
Glass or plastic is suitable. No special precautions are required.

SECTION 8 EXPOSURE CONTROLS/PERSONAL PROTECTION

Not fully tested

PERSONAL PROTECTIVE EQUIPMENT
EYE
Wear safety glasses.

HANDS
Wear general impervious protective gloves, eg. disposable hght weight plastic gloves.

OTHER

Impervious protective work clothing.

Eyewash unit. Properly operating chemical fume hood

Observe the general safety regulations when handling chemicals.
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SECTION 9 PHYSICAL AND CHEMICAL PROPERTIES

PHYSICAL DESCRIPTION/PROPERTIES

APPEARANCE

Orange/yellow viscous paste

PROPERTIES

The following is based on the properties of the solvent terpineol, being the predominant

component.

Boiling Point (degC):
Melting Point (degC):
Vapour Pressure (kPa):
Specific Gravity:
Flammability

Flash Point (degC):
Danger of explosion:

© 214-224

0-2
14@20C
0.93-0.94 (~ 1.4 g/cc for product)

. Slight fire hazard when exposed to heat

or flame.

90

Heating may cause expansion or
decomposition leading to violent rupture
of containers.

Upper Explosive Limit (%) Not available
Lower Explosive Limit (%) Not available

Solubility in water:

Partly miscible
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SECTION 10 STABILITY AND REACTIVITY

Decomposition will not occur if used according to specifications.
No dangerous reactions are known.
No special precautions are necessary if used correctly.

CONDITIONS TO AYOID
Keep container tightly sealed and store below 50°C.

INCOMPATIBLE MATERIALS
Avoid mixing with strong oxidisers

HAZARDOUDS DECOMPOSITION PRODUCTS
In the event of a fire; see section 5

HAZARDOUDS REACTIONS
None known.

SECTION 11 TOXICOLOGICAL INFORMATION

Product not fully tested

ACUTE HEALTH EFFECTS

SWALLOWED

Considered an unlikely route of entry in commercial/industrial/scientific environment
The material should be considered irritant and may be harmful if swallowed in large
quantity.

If swallowed, terpineols can cause stomach inflammation with internal bleeding,
heartburn, vomiting, diarrhoea, confusion, inco-ordination, a general malaise, headache,
weakness, decreased body temperature, excitement, drowsiness, vertigo, convulsion,
other central nervous effects or respiratory depression.

EYE
The material may be moderately discomforting to the eyes and is capable of causing
temporary redness, temporary impairment of vision and/or other transient eye damage.

SKIN

The material may be mildly discomforting to the skin.

Open cuts, abraded or irritated skin should not be exposed to this material.
The material may accentuate a pre-existing skin condition.

INHALED
The vapour from the terpineol in the paste may be discomforting to the upper respiratory
tract, especially at higher temperatures.
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CHRONIC HEALTH EFFECTS

Principal routes of exposure are usually by skin contact/absorption and inhalation of
generated dust. ‘

No human exposure data is available. For this reason health effects described are based
on experience with chemically related materials.

As with any chemical product, contact with unprotected bare skin; inhalation of vapour,
mist or dust in work place atmosphere; or ingestion in any form, should be avoided by
observing good occupational work practice.

To the best of our knowledge the acute and chronic toxicity of this substance is not fully
known.

ADDITIONAL TOXICOLOGICAL INFORMATION
None available

SECTION 12 ECOLOGICAL INFORMATION

No specific quantitative data available for this product.

SECTION 13 DISPOSAL CONSIDERATIONS

Consult state, local or national regulations to ensure proper disposal.
Disposal has to be carried out according to official regulations.

SECTION 14 TRANSPORT INFORMATION

Not a hazardous material for transportation.

SECTION 15 REGULATORY INFORMATION

INDICATION OF DANGER

RISK PHRASE(S): Irritant (Xi) R36/38: Irritating to eyes and skin
SAFETY PHRASE(S): S24: Avoid contact with skin
S25: Avoid contact with eyes
S26: In case of contact with eyes, rinse immediately with

plenty of water and seek medical advice
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SECTION 16 OTHER INFORMATION

Date of Issue: -29-July-2008

Employers should make independent judgement of suitability of this information to
ensure proper use and protect health and safety of employees. The information in this
Material Safety Data Sheet is furnished without any warranty. Any use of the product not
in conformance with the Material Safety Data Sheet, or in combination with any other

product or process, is the responsibility of the user.

For research and development, not for drug, household or other uses.

References:

National Code of Practice for the Preparation of Material Safety Data Sheets 2
Edition, [NOHSC:2011(2003)] ‘

Approved Criteria For Classifying Hazardous Substances, [NOHSC:1008(2004)]
Australian Dangerous Goods Code 6™ edition, Vol 1 incorporating corrigendum,
National Road Transport Commission (Australia), Australian Department of
Transport and Regional Services

Hazardous Substances Information System, Australién Government - Department
of Employment and Workplace relations — Office of the Australian Safety and

Compensation Council http://www.nohsc.gov.au/applications/hsis/

Chemwatch Material Safety Data Sheet for Titanium Dioxide, Ethyl cellulose and
Terpineol
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Product / Production Information (Based on two Stanford University academic research laboratories)

- Nano Chemical Name:

Nano Zinc Oxide

Commercial Name(s):

N/A

Annual Production Volume:

11g

Production Method(s):

Precipitation in Methanol at 60 °C, Hydrothermal synthesis

|dentification of the Supplier(s):

N/A (synthesized and used by SU academic research laboratory)

Parameter Value / Range’ Name of Analytical Method(s)?
(include units)

Physical Properties

Shape (Morphology) Spheres, Nanowires Scanning Electron Microscopy, Transmission Electron

Microscopy

Density 5.6 g/cm3 Theoretical

Surface Area Unknown Unknown

Particle Size Air Unknown Unknown

Distribution :

Liquid 4 nm; 30-100 nm diameter x Scanning Electron Microscopy, Transmission Electron
300-2000 nm length Microscopy
Solid / Powder 4 nm (spheres) Transmission Electron Microscopy

Unknown (nanowires) Unknown

Other (Specify)

Chemical Properties

Chemical Composition Zn0 Inductively Coupled Plasma-Optical Emission Spectrometry,

Transmission Electron Microscopy, X-ray Diffraction

Surface Modification (Coating, Acetate X-Ray Photoelectron Spectroscopy

Functionalization)

Purity Unknown Unknown

Surface Charge To Be Developed To Be Developed

Dispersion® Air Unknown Unknown

Liquid Aggregated Dynamic Light Scattering
Solid Aggregated Dynamic Light Scattering

Identifying and Determining
Concentration of Nano Chemical, Its
Metabolites, and Degradation Products
in Specified Matrices
Water, Air, Soil, Sediment, Sludge,
Chemical Waste, Fish, Blood, Adipose
Tissue, Urine, Other (Specify)

See Section F

Solubility Water Solubility

10-50% (spheres)
Unknown (Nanowires)

Inductively Coupled Plasma-Optical Emission Spectrometry
Unknown

Solubility in Organic
Solvent

Unknown

Unknown
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