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Stahlq’"'lsqtnpes in Cell-Free Protein Synthesis
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Modern multiple resonance and multi-dimensonal Biomolecular NMR experiments require isotopic enrichment
of the proteins, RNA and DNA, to achieve sufficient sensitivity and resolution. The biomolecules are typically

enriched by biosynthesis. ISOTEC™ offers an extensive line of stable isotope labeled products for Biomolecular
NMR applications.

Stable Isotopes in Cell-Free Protein Synthesis

Munehiro Teshima-Scientist-ISOTEC™

Proteomics is an emerging field of post genome research, which examines the enormous amounts of information stored in
the genomes of living organisms.! Biomolecular NMR and stable isotopes are important tools used to study the structure and
function of proteins in structural genomics research. Most researchers use the protein expression systems of microorganisms
or mammalian cells and stable isotope labeled (3H, 2C, ®*N) D-glucose, ammonium salts, amino acids and / or complex growth
media to produce proteins uniformly labeled with stable isotopes.

However, the protein expression system using living cells has limitations.

®  Many expressed proteins are insoluble and aggregate in inclusion bodies.

m Intercellular proteases in the host cells may digest the proteins.

®  Some proteins cannot be produced in living cells because of their toxicity.

m The amino acid metabolic system in the host cells can cause isotope dilution and diffusion for amino acids
with selective stable isotope labeling.

It may be difficult to grow organisms in deuterium labeled media.

®m  Procaryote cannot glycosylate proteins.

These problems associated with living cells may be solved by the cell-free protein
synthesis system. An additional benefit is that the cell-free protein synthesis system
is suitable for automation and high throughput protein synthesis.
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WA synthesis system (translation and / or transcription system) from living cells such as

ARS Escherichia Coli, rabbit reticulocyte or wheat germ, and allow the extract to

kA synthesize the proteins in vitro from amino acids and specific DNA or mRNA used as
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a template.

The cell-free protein synthesis system is not a new technology, but the yield of the
conventional batch type system used in the past was so low that radioisotopes were
the only method sensitive enough for detection. In 1988, Dr. Spirin et al. developed
a continuous flow cell-free protein synthesis system. They used an ultra-filtration
system and succeeded in producing a couple of hundred pg of protein per ml of
reaction mixture.?

Many ideas for the improvement of the continuous flow system such as using dialysis
and condensation of the extract were incorporated by many researchers.?’ In
addition to these improvements, Dr. Yokoyama et al. optimized the reaction
conditions and established a system to produce 6 mg of protein per ml of reaction
mixture, and they applied this system to produce C, "N-labeled proteins for
Biomolecular NMR spectroscopy.® Also, they succeeded in developing a site directed
stable isotope labeling method for a protein by using a cell-free protein synthesis
system.®

References: (1) http://www.gsc.riken.go.jp/e/group/protgrE.html. (2) Sprin, A. S., et al., Science, 1988, 1162-1164, 242. (3) Kim, D. M., et
al., Biotechnol. Prog., 1996, 645-649, 12. (4) Davis, J., et al., Promega Notes Mag. 1996, 14-18, 56. (5) Nakano, H., et al., Biosci. Biotechnol.
Biochem. 1994, 631-634, 58. (6) Kim, D. M., et al., Eur. J. Biochem. 1996, 881-886, 239. (7) Nakano, H., et al., J. Biotechnol. 1996, 275-282,
46. (8) Yokoyama, S., et al., FEBS Lett. 1999, 15-19, 442. (9) Yokoyama, S., et al., J. Biomol. NMR 1998, 295-306, 11.

Visit our Web site at www.sigma-aldrich.com/Isotec
to see the latest products for Biomolecular NMR, or contact your local Sigma-Aldrich office
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Labeled Products for Cell Free Synthesis

Fully labeled N Amino Acids

33,212-7
60,011-3
48,591-8
33,213-5
60,912-9
33,214-3
49,003-2
29,9294
57,436-8
33,215-1
60,901-3
34,096-0
60,902-1
60,924-2
49,010-5
60,899-8
60,900-5
60,909-9
57,460-0
49,017-2

L-Alanine-N
L-Arginine-"N, HCI
L-Asparagine-"N,*H,O
L-Aspartic-"N Acid
L-Cysteine-"*N
L-Glutamic-"*N Acid
L-Glutamine-"N,
Glycine-*N
L-Histidine-"N;
L-4-Hydroxyphenylalanine-N (L-Tyrosine)
L-Isoleucine-*N
L-Leucine-"N
L-Lysine-*N, HCI
L-Methionine-*N
L-Phenylalanine-"*N
L-Proline-*N
L-Serine-*N
L-Threonine-"*N
L-Tryptophan-N,
L-Valine-*N

Fully Labeled "C,”"N Amino Acids

48,988-3
60,803-3
60,815-7
60,783-5
60,785-1
60,798-3
48,952-2
60,800-9
60,799-1
60,809-2
60,806-8
60,804-1
60,810-6
60,801-7
60,8114
60,813-0
60,777-0
57,459-7
60,014-8

L-Alanine-23C;, N
L-Arginine-1C,, N, HCl
L-Asparagine-C,,*N,*H,0O
L-Aspartic Acid-C,, "N
L-Glutamic Acid-2C;,"*N
L-Glutamine-Cs,™N,
Glycine-2GC, "N
L-Histidine-"2Cs, >N

L-4-Hydroxyphenylalanine-G, "N (L-Tyrosine)

L-Isoleucine-3C,,"™N
L-Leucine-C, "N
L-Lysine-Cg, N, HCI
L-Methionine-3C;,"* N
L-Phenylalanine-"C,, N
L-Proline-Cs,"°N
L-Serine-2C;, =N
L-Threonine-C,,"*N
L-Tryptophan-C,;,”N,
L-Valine-3C,, "N

To order: contact your local Sigma-Aldrich office or call
1-800-448-9760 (USA) or 937-859-1808 (International)
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Atom %

98
98
98
98
98
98
98
98
95
98
98
98
98
98
98
98
98
98
95
98

Atom %
98 =C; 98 =N
98 3C; 98 "N
98 =C; 98 N
98 3C; 98 "N
98 =C; 98 =N
98 C; 98 "N
98 C; 98 =N
97 3C; 95 *N
99 3C; 98 N
98 3C; 98 "N
98 =C; 98 =N
98 3C; 98 "N
98 C, 98 N
98 3C; 98 "N
98 =C; 98 "N
98 3C; 98 "N
98 =C; 98 =N
97 3C; 95 *N
98 =C; 98 =N
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L_"thd“t'ls for Peptide Synthesis

Prnd__ugi:isll for Minimal Media

Products for Peptide Synthesis
(N-FMOC and N-t-BOC Derivatives)

48,583-7 L-Alanine-GC;,"N,N-t-BOC

48,990-5 L-Alanine-*N,N-FMOC

48,991-3 L-Alanine-*N,N-t-BOC

57,989-0 L-Asparagine-*N,,a.-N-FMOC

49,290-6 L-Aspartic->N Acid,N-FMOC

57,795-2 L-Aspartic->N Acid,N-FMOC,a-O-t-butyl
58,879-2 L-Aspartic-"N Acid,N-t-BOC

58,840-7 L-Glutamic Acid-"GC,"N,N-t-BOC,a-O-Benzyl Ester (97 %CP)
49,000-8 L-Glutamic-"*"N Acid,N-FMOC

60,915-3 L-Glutamic-"N Acid,N-FMOC,y-O-t-Butyl Ester
58,769-9 L-Glutamic-"N Acid,N-t-BOC

58,770-2 L-Glutamine-"N,,a-N-t-BOC

48,953-0 Glycine-GC,,*N,N-FMOC

58,773-7 Glycine-=C,,"*N,N-t-BOC

48,575-6 Glycine-""N,N-FMOC

48,670-1 Glycine-*N,N-t-BOC

59,109-2 L-4-Hydroxyphenylalanine-"*N,N-t-BOC(L-Tyrosine)
59,722-8 L-Isoleucine-3Cg,"*N,N-FMOC

57,862-2 L-Isoleucine-">"N,N-FMOC

48,595-0 L-Leucine-"*N,N-FMOC

49,293-0 L-Leucine-"N,N-t-BOC - H,O

57,796-0 L-Lysine-"*N,,a-N-FMOC,e-N-t-BOC

60,919-6 L-Methionine-">N,N-FMOC

60,907-2 L-Phenylalanine-"*N,N-FMOC

48,683-3 L-Phenylalanine-*N,N-t-BOC

58,951-9 L-Proline-">N,N-FMOC

60,914-5 L-Serine-""N,N-FMOC,O-t-Butyl

48,600-0 L-Valine-"*N,N-FMOC

48,601-9 L-Valine-*N,N-t-BOC

For a complete list of amino acids and protected amino acids please contact us at

Atom %
98"C; 98"N
98

98

98

98

98

98

98"3C; 98"N
98

98

98

98

98"C; 98"N
98"3C; 98"°N
98

98

98

98"3C; 98"°N
98

98

98

98

98

98

98

98

98

98

98

1-800-448-9760(USA) or 937-859-1808 (International).

Products for Minimal Media

Sugars

38,937-4 D-Glucose-3C,

55,215-1 D-Glucose-3C,, C-d,
55,200-3 D-Glucose-C-d,

61,633-8 D-Glucose-d;,

5N Salts

29,925-1 Ammonium-"N Chloride
36,650-1 Ammonium-"N, d, Chloride
48,801-1 Ammonium-"N Hydroxide (~3N aqueous soln.)
29,928-6 Ammonium-"*N, Sulfate
59,399-0 Ammonium-"N,, dsSulfate

Visit our Web site at www.sigma-aldrich.com/Isotec

Atom %
99

99 C; 97-99 D

97-99
97-99

98

98 *N; 98 D

98
98

99 *N; 98 D

to see the latest products for Biomolecular NMR, or contact your local Sigma-Aldrich office
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Labeled ComplexiGrowthiviedia

Fermentation with ISOGRO™-*C Powder Supplementation

Andrew Clark University of Alabama Huntsville

E. coli (Rosetta™(DE3)pLysS, Novagen®) was grown in a fermentor (BioFlo 3000%, New Brunswick) with a 2-liter vessel
containing minimal media with ISOGRO™-C as a supplement in a quantity which is 5 % of its recommended usage.
The composition of the minimal media, as adapted from Molecular Cloning (Maniatis et al.), is as follows: Na,HPO,
(12.8 g/L), KH,PO, (3 g/L), NaCl (0.5 g/L), MgSO, (0.001 M), CaCl, (5E-5 M), glucose (2 g/L), NH,CI (1 g/L), and ampicillin
(60 mg/ml).

First of all, a 200-ml minimal media culture was grown in a shaker flask with and without 0.1 g of ISOGRO™-C (5 %
of its recommended usage) to assess its effectiveness as a supplement in the shaker flask before implementing it into
fermentation. The culture with the ISOGRO™ absent grew to a maximal optical density at 600 nm (OD) of 1.4, whereas
the culture with the ISOGRO™ present grew to a maximal OD of 2.5.

With this information in hand, | set out to assess the effectiveness of using ISOGRO™ as a supplement in the
fermentor. The recombinant protein | am working with is encoded by the pET-3b vector (Novagen®) which contains
the T7 promoter, and so its expression is induced by the addition of IPTG (Sigma # | 6758). It had already been
previously established that there was a direct correlation between the maximal OD reached in the fermentor and the
quantity of protein rendered upon preparation of the cells and purification.

It had also been established that the maximal OD could be increased by adding the glucose gradually instead of all
at the beginning. This led me to JJy Experiment

speculate as to whether the 5 ml of 20 % glucose (m/V) added at beginning and 15 ml of 20 % glucose added gradually in 5-ml
maximal OD could be increased increments. ISOGRO™ was absent (control).

by ~adding the ISOGRO™ .2 | 5mlof 20 % glucose and 0.9 g ISOGRO™*C added at beginning and 15 ml of 20 % glucose added
gradually. The results of all of my gradually in 5-ml increments.

fermentation runs involving
ISOGRO™ and one control
experiment are presented in the

following table: 0] 5 ml of 20 % glucose and 50 ml of ISOGRO™*C (1 g/50 ml) added at beginning and 15 ml of
20 % glucose added gradually in 5-ml increments.

5 ml of 20 % glucose and 12.5 ml of ISOGRO™-=C (1 g/50 ml) added at beginning and 15 ml of 20
% glucose and 37.5 ml of ISOGRO™-13C added gradually in 5- and 12.5-ml increments, respectively.

e :
isobro” efded al baglssin
It appears that whereas the OD increased and glucose edded ;.r‘n.:.m?]. ;

when the glucose was added gradually, the H glwcese and Isobro” ]
OD actually increased when the ISOGRO™ it bl il by
was added all at once at the beginning.
There was a significant increase in the
maximal OD reached due to the addition of
the ISOGRO™ as a supplement instead of as
the sole source of nutrients. This
optimization of high-density E. coli
fermentation will definitely lead to an
increase in the yield of protein from the

cultures grown and improve our laboratory’s A “'";“:;u:ﬂ:,“ ]
capability to produce large quantities of
isotope labeled proteins for Biomolecular
NMR studies.

Optical Density (B00 nm)

Time {Bours)

To order: contact your local Sigma-Aldrich office or call
1-800-448-9760 (USA) or 937-859-1808 (International)
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Buffers I"I: Reagents

Typical Procedure for Growing E. coli Using ISOGRO™ Powder
To prepare 100mL ISOGRO™ medium:

Dissolve 1.0g of ISOGRO™ powder in about 90mL of Millipored®water._ : :
Make stock solutions of the following salts and use the quantities indicated in the medium

-

2.
preparation:
Salt Conc. of Stock Soln. Qty./100mL medium
K;HPO 100g/L 1.8mL
KH.PO, 50g/L 2.8mL
MgSO, 50g/L 2.0mL
CaCl,:'H.0 37g/L 30uL
3. Adjust pH to 7.0 with NaOH and bring solution up to 100mL with Millipored® water.
4. Pass the solution through a 0.22mM filter and transfer the filtrate to an autoclaved shaker flask

(for example: 50mL medium in a 500mL flask). L -
The culture is inoculated with a loop of E. coli which has been maintained on a nutrient agar slant.

Shake the culture flask in a 37°C water bath. B
The absorbance of the culture is measured at 600nM with a 1:3 dilution into water.
Note: Researcher’s specific expression applications do vary:
so our preparation should serve as a guideline.

N ow

Atom %
60,686-3 ISOGRO™-3C Powder - Growth Medium 99
61,672-9 ISOGRO™-D Powder - Growth Medium 97-99
60,687-1 ISOGRO™-N Powder - Growth Medium 98
60,683-9 ISOGRO™-C, "N Powder - Growth Medium 99 3C; 98 N
60,830-0 ISOGRO™-"N,D Powder - Growth Medium 98 *N; 97-99 D
60,829-7 ISOGRO™-C,*N,D Powder - Growth Medium 99 3C; 98 *N; 97-99 D
Butters and Reagents T
15,178-5 Acetic Acid-d, 99.5
17,657-5 Ammonium-d, Bromide 98
17,567-6 Ammonium-d, Chloride 98
17,670-2 Ammonium-d, Deuteroxide (25% in D,0) 929
48,835-6 Butanedioic Acid-d; 98
48,553-5 DL-1,4-Dithiothreitol-d;, 98
48,561-6 Dodecylphosphorylcholine-dss 98
48,937-9 Ethylenediaminetetraacetic-d;, Acid 98
42,622-9 Formic Acid-d, (95% in D,O) 98
17,583-8 Glycine-ds 98
36,602-1 Imidazole-d, 98
61,522-6 2-Mercaptoethanol-d; 96
37,384-2 Sodium Formate-d 99
45,185-1 Sodium Lauryl-d,; Sulfate 98
44,910-5 TRIS-d, (crystalline) [Tris(hydroxymethyl)aminomethane] 99
48,624-8 TRIS-d;; (~1M solution in D,0) 99
44,749-8 Glycerol-ds 98
45,452-4 Glycerol-1,1,2,3,3-d; 98
48,947-6 Glycerol-1G, 99
27,717-7 Methyl-2C Alcohol (< 5% ®0) (Methanol) 99
28,201-4 Sodium Acetate-2C, 99
17,607-9 Sodium Acetate-d; 99
29,911-1 Sodium Acetate-=C, ,d; 99 3C; 99 D

Visit our Web site at www.sigma-aldrich.com/Isotec
to see the latest products for Biomolecular NMR, or contact your local Sigma-Aldrich office
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Research has shown that isotopically labeled ketobutyric and pyruvic acids can be used as constituents in
modified E. coli growth media to produce bio-synthesized proteins with unique CD,H and CDH, groups. These
selectively labeled methyl groups greatly reduce overlap in INEPT Biomolecular NMR, a desirable property for
spectral interpretation and protein structure elucidation. ISOTEC™ offers the following isotopically labeled
ketobutyric and pyruvic acids. If you require a related compound not listed below, please contact us for a
custom quote.

References: R. Ishima, J.M. Louis, D. Torchia. Journal of Biomolecular NMR 21:167-171, 2001 N.K. Goto, K.H. Gardner, G.A. Mueller, R.C. Willis, L.E. Kay. Journal of
Biomolecular NMR 13:369-374, 1999.

o-Keto Acids

Atom %
57,134-2 2-Ketobutyric-4-2C Acid, Sodium SaltexH,O (97% CP) 99
58,927-6 2-Ketobutyric-4-2C,3,3-d, Acid, Sodium SalteH,0(98% CP) 99 =3C; 98 D
60,754-1 2-Ketobutyric Acid-C,,3,3-d,, Sodium SaltexH,0 (98% CP) 99 3C; 97-98 D
60,753-3 2-Ketobutyric-4-C,3,3,4,4,4-d; Acid, Sodium SaltexH,0 (98% CP) 99 C; 98 CD,; 50-70 CD;
57,1334 2-Keto-3-methyl-3C-butyric-4-2C Acid, Sodium Salt 99
58,906-3 2-Keto-3-methyl-*C-butyric-4-2C,3-d, Acid, Sodium Salt 99 3C; 98 D
58.,490-3 2-Keto-3-methyl-d;-butyric-4-2C Acid, Sodium Salt 99 3C; 98 D
59,641-8 2-Keto-3-methyl-d;-butyric Acid-1,2,3,4-2C,, Sodium Salt 99 3C; 98 D
60,756-8 2-Keto-3-methylbutyric Acid-C,, 3-d,, Sodium Salt 99 3C; 98 D
49,073-3 Sodium Pyruvate-3-C 99
60,848-3 Sodium Pyruvate-3-3C-3,3,3-d; 99 C; 50-60 D

apelediNucieotides

=C,*N-Ribonucleotides (minimum 90% chemical purity), supplied as sodium salts

Atom %
60,835-1 Adenosine-C,, N, 5'-triphosphate 99 13C; 98 "N
60,837-8 Cytidine-C,, N, 5'-triphosphate 99 13C; 98 "N
60,838-6 Guanosine-C,, "N 5'-triphosphate 99 13C; 98 N
60,839-4 Uridine-=C,, "N, 5'-triphosphate 99 3C; 98 N
3C,"N- Deoxyribonucleotides, supplied as sodium salts

Atom %
60,840-8 2'-Deoxyadenosine-=C,,*Ns 5'-triphosphate 99 3C; 98 N
60,841-6 2'-Deoxycytidine-C,, "N, 5'-triphosphate 99 3C; 98 *N
60,842-4 2'-Deoxyguanosine-C,,"*N;s 5'-triphosphate 99 3C; 98 *N
60,843-2 2'-Deoxythymidine-C,, "N, 5'-triphosphate 99 3C; 98 *N

LUSTOMISYNLHESS

ISOTEC™ has the most experienced team of stable isotope custom synthesis
chemists in the industry, led by an impressive group of Ph.D.'s, each one an
expert in his field. ISOTEC™ routinely engages in multiple step syntheses of
complex labeled molecules including metabolites and steroids.

“Let us help you design your stable isotope labeled molecule!"
please contact C.T. Tan Ph.D. at: isosales@sial.com

To order: contact your local Sigma-Aldrich office or call
1-800-448-9760 (USA) or 937-859-1808 (International)



The Aldrich Spectral Viewer is an electronic reference book on
CD-ROM that contains spectra from the Aldrich FT-IR and FT-NMR
libraries. This easy-to-use software program is more powerful than

a printed book, allowing text and data field searching, and the
manipulation, printing, and exporting of spectra.

The libraries may be used individually or may be combined together.
The full set of libraries includes FT-IR spectra for over 11,000
compounds and FT-NMR spectra (both 300 MHz 'H and 75 MHz

13C spectra) for over 15,000 compounds.

Features:

[ Displays FT-IR spectra or FT-NMR spectra with chemical
structure, and technical data.

[] Text searching by Chemical Name, Aldrich Catalog Number,
CAS Number, and Molecular Formula.

[l Advanced data field searching on Chemical Category and
physical properties such as Boiling Point, Melting Point,
Density, Flash Point, Molecular Weight, and Refractive Index.

[ Spectra processing using Zoom, Peak Integration (NMR only),
and Peak Labeling.

[J Print spectra, structure, technical data, integral table, and
peak listings.

[ Export spectra to a file (bitmap, metafile, or JPEG formats)
or to the clipboard (bitmap or metafile formats).

[J Web link button provides additional technical data from
the Sigma-Aldrich website.

[l Expandable—As new spectral libraries become available,

they can be added at a minimal fee with no subscription or
maintenance fees required.

( FT-IR 2002 library FT-NMR standard library FT-NMR 2001 supplemental\
(11,000 compounds) (11,800 compounds) library (3,500 compounds)

Version Cat. No. Cat. No. Cat. No.

Single user, commercial  Z54,016-1 Z254,126-5 Z53,808-6

Single user, academic 254,028-5 Z254,138-9 Z53,818-3

Network Z54,039-0 754,149-4 753,797-7

Demo program 254,159-1




ISOTEC™-A Member of the Sigma-Aldrich Family

Bringing together Quality, Innovation and Convenience
to satisfy all of your Biomolecular NMR needs

ISOTEC

2" SIGMA

) 2 Quality

Highest lsotopic Enrichment
Excellent Chemical Purity
Highest Quality Control Specifications

} Innovation

Let us help you design your molecule
Custom synthesis expertise
Continual refining of process
Continual New Praduct Development

)_JGonvenience

One Stop Shop

Product Bundling with ather divisions of Sigma-Aldrich

Sigma-Aldrich offices in over 33 countries

We offer labeled (ISOTEC™) and unlabeled (Sigma-Aldrich) products for Biomolecular NMR
On location stock rooms (Stock Dption)

Same day delivery of items in distribution centers

= ALDRICH'

U BT E O LT SO S TLERS S 30 T O TGS LOTITETS SE TP OY PR 1 S Hare ol d ers:
Lhroughl eadershpanpls e sscience mH I g e chn ol gy d oS ervice

BioFlo 3000° is a trademark of New Brunswick Scientific.

ISOGRO™, ISOTEC™, and Spectral Viewer™ are trademarks and Aldrich® is a registered trademark of Sigma-Aldrich Biotechnology, L.P.
Millipore® is a registered trademark of Millipore Corporation.

Novagen® is a registered trademark of CN Biosciences INC (CNBI).

Rosetta™ is a trademark of CN Biosciences INC (CNBI).

Visit our Web site at www.sigma-aldrich.com/lsotec te see the latest products for
Biomolecular NMR or contact your local Sigma-Aldrich office



Sigma-Aldrich Worldwide Locations

Argentina

Sigma-Aldrich de Argentina SA
Phone: 54 11 4556 1472

Fax: 54 11 4552 1698

E-mail: info-argentina@sial.com

Australia
Sigma-Aldrich Pty. Ltd.
Phone: 612 9841 0555
Fax: 6129841 0500
E-mail: ausmail@sial.com

Austria

Sigma-Aldrich Handels GmbH
Phone: 4316058110

Fax: 431605 8120

E-mail: sigma@sigma.co.at

Belgium

Sigma-Aldrich N.V./S.A.

Phone: 32 3899 1301

Fax: 323899 1311

E-mail: becustsv@eurnotes.sial.com

Brazil

Sigma-Aldrich Brasil Ltda.
Phone: 55 11 3732 3100
Fax: 5511 3733 5151
E-mail: sigmabr@sial.com

Canada

Sigma-Aldrich Canada Ltd.
Phone: (905) 829-9500
Fax: (905) 829-9292
E-mail: canada@sial.com

China

Sigma-Aldrich China Inc.
Phone: 86 21 6386 2766
Fax: 86 21 6386 3966
E-mail: china@sial.com

Czech Republic

Sigma-Aldrich s.r.o.

Tel: 246-003 251

Fax: 246-003 291

Email: CZECustSV@europe.sial.com

Denmark

Sigma-Aldrich Denmark A/S

Phone: 45 43 565910

Fax: 45 43 565905

E-mail: denorder@eurnotes.sial.com

Finland

Sigma-Aldrich Finland YA-Kemia Oy
Phone: 358 9 350 9250

Fax: 358 9 350 92555

E-mail: finorder@eurnotes.sial.com

France

Sigma-Aldrich Chimie S.a.r..

Tel: 0800-21 14 08 (appel gratuit)
Fax: 0800-03 10 52 (appel gratuit)
Email: fradvsv@eurnotes.sial.com

Germany

Sigma-Aldrich Chemie GmbH
Phone: 49 896513 0

Fax: 49 89 6513 1169

E-mail: deorders@eurnotes.sial.com

Greece

Sigma-Aldrich (0.m.) Ltd.

Tel: 2-10-994 80 10

Fax: 2-10-994 38 31

Email: GRCustSV@europe.sial.com
Hungary

Sigma-Aldrich Kft

Phone: 36 1269 6474

Fax: 36 1235 9050

E-mail: info@sigma.sial.hu

India

Sigma-Aldrich Foreign Holding Company

Phone: 91 80 852 4222
Fax: 9180 852 4214
E-mail: india@sial.com

Ireland

Sigma-Aldrich Ireland Ltd.

Free Tel: 1-800-200 888

Free Fax: 1-800-600 222

Email: EICustsv@eurnotes.sial.com

Israel

Sigma-Aldrich Israel Ltd.

Phone: 972 8 948 4222

Fax: 972 8 948 4200

E-mail: sigisr@sigma.co.il

Italy

Sigma-Aldrich S.r.l.

Phone: 39 02 33417 310

Fax: 39 02 38010 737

E-mail: itorder@eurnotes.sial.com

Japan

Sigma-Aldrich Japan K.K.
Phone: 81358213111
Fax: 81358213170
E-mail: sialjp@sial.com

Korea

Sigma-Aldrich Korea
Phone: 82 31 329 9000
Fax: 82 31329 9090
E-mail: hcjoo@sial.com

Malaysia

Sigma-Aldrich (M) Sdn. Bhd.
Phone: 60 3 5635 3321

Fax: 60 3 5635 4116

E-mail: sam@sial.com

Mexico

Sigma-Aldrich Quimica, S.A. de C.V.
Phone: 52 722 276 1600

Fax: 52722 276 1601

E-mail: mexico@sial.com

Netherlands

Sigma-Aldrich Chemie B.V.

Phone: 3178 620 5411

Fax: 3178 620 5421

E-mail: nlcustsv@eurnotes.sial.com

Norway

Sigma-Aldrich Norway AS
Phone: 47 23 176 000

Fax: 4723176 010

E-mail: nortech@sial.com

Poland

Poland, Sigma-Aldrich Sp.zo.o.
Tel: 061-829 01 00

Fax: 061-829 01 20

Email: plcustsv@europe.sial.com

Portugal

Sigma-Aldrich Quimica, S.A.

Phone: 351 1924 2555

Fax: 3511924 2610

E-mail: poorders@eurnotes.sial.com

Russia

000 SAF-LAB

Phone: 7095 975 3321

Fax: 7095 975 4792

E-mail: techcare@sial.com

Singapore
Sigma-Aldrich Pte., Ltd.
Phone: 656271 1089
Fax: 65 6271 1571
E-mail: sapl@sial.com

South Africa

Sigma-Aldrich (Pty.) Ltd

Phone: 27 11 979 1188

Fax: 2711979 1119

E-mail: rsa@sial.com

Spain

Spain, Sigma-Aldrich Quimica S.A.
Free Tel: 900-10 13 76

Free Fax: 900-10 20 28

Email: esorders@europe.sial.com

Sweden

Sigma-Aldrich Sweden AB

Phone: 46 8 742 4200

Fax: 46 8742 4243

E-mail: sweorder@eurnotes.sial.com

Switzerland

Switzerland, Fluka Chemie GmbH
Free Tel: 0800-80 00 80

Free Fax: 0800-80 00 81

Tel: 081-755 28 28

Fax: 081-755 28 15

Email: Fluka@sial.com

United Kingdom
Sigma-Aldrich Company Ltd.

Phone: 44 1747 833000

Fax: 44 1747 833313

E-mail: ukcustsv@eurnotes.sial.com

United States
Aldrich

Phone: (414) 273-3850
Fax: (414) 273-4979
E-mail: aldrich@sial.com
Sigma

Phone: (314) 771-5765
Fax: (314) 771-5757
E-mail: sigma@sial.com

ALDRICH'

P.O. Box 355
Milwaukee, WI 53201
USA

Return Service Requested

For Development/Manufacturing Quantities For Quantity Pricing/Standing Orders
Contact your local Sigma-Aldrich office Contact your local Sigma-Aldrich office

and ask for Sigma-Aldrich Fine Chemicals SIGMA-ALDRICH
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