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Introduction

Introduction

About us

Innovate Biotechnology was established in 2001. It provides the R&D service to the pharmaceutical,
agrochemical and fine chemicals companies with the goal to develop and implement enzyme-based
processes at industrial scale. Taking advantage on its modern laboratories and its qualified staff, Innovate
Biotechnology can offer the optimization of the whole chemo-enzymatic process . This strategy consists
of the synthesis of the starting material and the selection of the best immobilization technique of the
biocatalyst up to the isolation and purification of the target product. Particularly, we are specialized in
providing immobilized enzymes for regio-, stereo- and enantioselective syntheses.

Moreover, Innovate Biotechnology can synthesize analytical standards and fine chemicals (including
citotoxic compounds) by chemo-enzymatic or conventional chemical routes.

The advantages of biocatalysis

Biocatalysis can be considered a valuable
alternative to traditional synthesis. The main
advantage of enzymatic catalysts is their high
selectivity that reduces reaction and purification
steps contributing to the improvement of the

process quality and economy. Moreover,
biocatalysis helps to overcome or, at least, to
sensitively reduce other drawbacks relevant to the
chemical synthesis, e.g. the use of toxic solvents
and reagents as well as the problem of polluting
waste. In fact, enzymatic reactions are usually
water-based and performed in mild conditions.
Generally, this allows to cut the global costs of the
processes reducing the disposal and/or the recycle
procedures of the residues. In this way, the
biocatalytic approach helps companies to pursue a
“sustainable development " project.

In spite of the advantages deriving from the use of enzymes, industrial applications are still limited nowadays
because, for the efficient realization of a bioconversion, a multidisciplinary approach (microbiology, protein
engineering, applied organic synthesis....) is a prerequisite and, mostly, chemical and pharmaceutical
companies do not possess all those skills. This limit can be overcome with the support of Innovate
Biotechnology.

The goal of Innovate Biotechnology
The main activity of Innovate Biotechnology consists of providing the expertise to design innovative
enzymatic routes alternative to synthetic processes from the selection of the most adequate biocatalyst to
the design of the industrial reactor. In particular, Innovate Biotechnology, planning a “tailor-made”
immobilization technique of the enzyme, can purpose a wide range of solutions for the development of
active and highly stable catalysts, even in extreme experimental conditions (pH, temperature, presence of
cosolvents...). This strategy is being successfully used for the preparation of intermediates and final
products.
The main characteristics of immobilized biocatalysts are:

the possibility to modulate the catalytic properties of native proteins

the improvement of the stability of the enzymes under industrial conditions

the easy recovery and reuse of the enzymes

the possibility of in continuum operations
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Research in Innovate Biotechnology

Microbiology, enzymatic technology, organic synthesis, analytical chemistry and enzymatic chemistry
represent the areas involved in the research of Innovate Biotechnology. These different activities are of
mutual support and contribute to develop the complete industrial chemo-enzymatic processes.

Starting from microbiological studies, enzymes from different sources or obtained by genetic techniques are
considered. Cloning, hyperexpression, extraction and purification of enzymes are exploited.

The enzymatic extracts, produced as above described or commercially available, are used to prepare
immobilized and stabilized enzymes with improved catalytic properties.

The organic synthesis supplies molecules carrying appropriate functional groups with affinity for the enzyme
active site or, otherwise, provides the final product starting from enzymatic intermediates.

The qualitative and quantitative analysis of the substrates, products and by-products of chemo-enzymatic
reactions provides the necessary support to the study and optimization of the whole process.

Innovate Biotechnology and REGINS

REGINS (REGional standardised INterfaces for a better integration of regional SMEs in the European
Economy) is an interregional project that aims to analyse, compare and improve regional thematic clusters
as well as to support network structures within European partners.

The whole project is sponsored by the EU.

Why REGINS?

In recent years the great contribution of Small and Medium-sized Enterprises (SMES) to regional economies
was recognized. Especially their potential innovation constitutes an important resource within economic
regions. However, because of limited access to business networks, the full potential of many SMEs cannot
be tapped.

REGINS played a key role in supporting the design and development of this catalog through the BIOCAT
sub-project, carried out within the REGINS program in cooperation with Italian and European academic
partners.
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Catalog of enzymes: General information

General information

All catalytic properties described in this catalog are developed and optimized in our laboratory. Contact us to
learn more about this.

The enzymes reported in this catalog are available in standard packaging from 1 g to 100 g (larger scale also
available).
ENZYME KITS in screening scale are also available on request; this could represent a faster and cheaper

way to investigate the catalytic properties of different enzymes.

For more information about prices, delivery time and properties of the immobilized enzymes, please, contact
us.

INNOVATE BIOTECHNOLOGY s.r.l.
Strada Comunale Savonesa 9
15050 Loc. Rivalta Scrivia - Tortona (AL) - Italy

Tel. 0039-0131-872912
Fax. 0039-0131-860792

e-mail: ed@innovatebiotechnology.com




Catalog of enzymes: Resolution of racemic compounds

Resolution of racemic compounds

PGA3

Enzyme information !

Name: Penicillin G Acylase

E.C. Number: 3.5.1.11

CAS Registry number: 9014-06-6
Original organism: Escherichia coli
Immobilized enzyme

Activity of the immobilized enzyme
220-270 Ul/g (PGK assay; see below)

Stability

pH range: 6.00 + 9.60 (optimum: 6.50 + 8.00)
Temperature range: 4C + 37T (optimum: 4C)
Organic solvent: n.d.

Storage
4<C, in glycerol 50% (v/v)
Residual activity: 100% after 1 year

Reaction type
Hydrolysis or synthesis of aryl acetic esters or amides®.

Example of applications

Stereoselective haydrolysis of D,L-treo phenylacetic amide to provide the L-treo amine, D-treo amide form

being unattacked".

A O R R4 A O R
| ‘Ro . poag N0 Rz | Ry
R/ = Ry 209y, | + H,N 3 + R// N\\‘ R3
R OH Ry H Ii?
1

D,L-treo Phenylacetic amide Phenylacetic acid L-treo amine

Activity assay
1) PGK assay

D-treo Phenylacetic amide

<SS T
NH: S CHsg PGA 3 (@] HoN=— S 3

\)LCHQ, —_— +
N OH

(@) P
COOK

IO

(@) -
COOK

Penicillin G 6-Amino penicillanic acid

potassium salt (PGK) Phenyt-acetic acid

potassium salt (6-APA)

The activity is measured by hydrolysis of a 3% solution of Penicillin G potassium salt (PGK) in 0.01 M
phosphate buffer at pH 8.00 and 37T evaluating the acid formation by automatic titration with 0.1 N NaOH

solution.
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The activity (Ul/g) is calculated as pmoles of NaOH added per minute per gram of enzyme as reported
below:

mM NaOH x mL NaOH/minute

Activity (Ul/g) =
g PGA3

2) NIPAB assay *

COOH COOH

O5N
_—
HO
N NH,

2-Nitro-5-phenylacetamido-

benzoic acid (NIPAB) 5-Amino-2nitro benzoic acid Phenylacetic acid

The activity is measured by hydrolysis of a solution of NIPAB at pH 8.00 and 37T evaluating the kinet ic of 5-
Amino-2-nitro benzoic acid formation at | =405 nm.

The activity (Ul/g) is calculated as pmoles of 5-Amino-2-nitro benzoic acid released per minute per gram of
enzyme as reported below:

A/min x 1000 x ML

Activity (Ul/g) =
x g PGA3

Size
1g, 100g
Larger scale available on request

Price

10g 250,00
50g 500,00
100g 700,00

References and notes

1) Brenda Enzyme Database (www.brenda.uni-koeln.de)

2) D.Rossi, A. Romeo, G. Lucente, “Approach to the Use of Benzylpenicillinacylase for Configurational
Correlations of Amino Compounds”, J. Org. Chem.,1978, 43, 2576-2581.

3) M.Cole, “Properties of the Penicillin Deacylase Enzyme of Escherichia coli”, Nature, 1964, 203, 519-520.

4) C. Kutzbach, E. Rauenbusch, “Preparation and General Properties of Crystalline Penicillin G Acylase
from Escherichia coli ATCC11105”, Hoppe-Seyler’s Z. Physiol. Chem., 1974, 354, 45-53.
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ANL1

Enzyme information !

Name: Aspergillus niger Lipase
E.C. Number: 3.1.1.3

CAS Registry number: not available
Original organism: Aspergillus niger
Immobilized enzyme

Activity of the immobilized enzyme
30-50 Ul/g

Stability

pH range: 6.00 + 8.00 (optimum: 6.00+7.00)
Temperature range: 4C + 37T (optimum: 4C)
Organic solvent: stable in methanol up to 50% (v/v)

Storage
4<C, in glycerol 50% (v/v)
Residual activity: 100% after 1 year.

Reaction type
Hydrolysis of carboxylic esters.

Example of applications
Resolution of chiral primary alcohol by hydrolysis of corresponding raceme carboxylic ester.

O o
ANL1 0 Ry
L R, T SN Ry
HsC™ "0 - + R HsC™ 07 R
3 /\ﬁRz HsC~ “OH Ry 2 3 /\’\Rz
R3 R3
(3) R,S-ester Aceticacid R (-) -alcohol S (+)-ester
Activity assay
X
O~ "CH OH
ANLL j\
—_— +
D0 o
1-Naphthylacetate 1-Naphthol Acetic acid

The activity is measured by hydrolysis of a 1-naphthylacetate solution at pH 7.00 and 25 evaluating th e
acid formation by automatic titration with 25 mM NaOH solution.

The activity (Ul/g) is calculated as pmoles of NaOH added per minute per gram of enzyme as reported
below:

mM NaOH x mL NaOH/minute

Activity (Ul/g) =
g ANL1

1C
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Size

1g, 100¢g

Larger scale available on request

Price

29 250,00

10g 400,00

509 700,00

1kg 2000,00

For orders between 2 and 10kg 1300,00 /kg
For orders of 30kg or more 850,00 /kg

References and notes
1) Brenda Enzyme Database (www.brenda.uni-koeln.de)

11
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RML1

Enzyme information !

Name: Rhizomucor miehei Lipase
E.C. Number: 3.1.1.3

CAS Registry number: 9001-62-1
Original organism: Rhizomucor miehei
Immobilized enzyme

Activity of the immobilized enzyme
500 Ul/g

Stability

pH range: 6.00 + 8.00 (optimum: 7.00+7.50)
Temperature range: 4C + 37C (optimum: 4C)
Organic solvent?: stable in acetonitrile up to 20% (v/v)

Storage
4C
Residual activity: n.d.

Reaction type
Hydrolysis of carboxylic esters.

Example of applications

Enantioselective hydrolysis of -tetralil esters and related structures.’

©\/\(FO\H/R1 RML1 @(\‘\\OH

+
R R
Ra 2 @) Ra 2

3 3
# RS R(+)

R1=C1-C4

R2=C1-C2 R3=H or R2-R3=-CH2-CH2-

Activity assay >

(0] (0]

RMLL
— > +
H3C/\)J\O/\CH H3C/\)J\OH HO™ CH

3

Ethyl butyrate Butyric acid

Ethyl alcohol

The activity is measured by hydrolysis of a 20% solution of ethyl butyrate at pH 7.00 and 25, evaluati ng

the acid formation by automatic titration with 0.1 N NaOH solution.

The activity (Ul/g) is calculated as pmoles of NaOH added per minute per gram of enzyme as reported

below:

mM NaOH x mL NaOH/minute

Activity (Ul/g) =
g RML1

12
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Size

1g, 100¢g
Price

10g 450,00
50g 800,00

100g  1150,00

References and notes

1) Brenda Enzyme Database (www.brenda.uni-koeln.de)

2) I Nieto, S. Rocchietti, D. Ubiali, G. Speranza, C.F. Morelli, |.E. Fuentes, A.R. Alcantara, M. Terreni,
“Immobilization of Different Protein Fraction from Rhizomucor miehei Lipase Crude Extract Enzymatic
Resolution of (R,S)-2-tetralol”, Enzyme and Microbial Technology, 2005, 37, 514-520.

13
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RML2

Enzyme information !

Name: Rhizomucor miehei Lipase
E.C. Number: 3.1.1.3

CAS Registry number: 9001-62-1
Original organism: Rhizomucor miehei
Immobilized enzyme

Activity of the immobilized enzyme
650 Ul/g

Stability

pH range: 6.00 + 8.00 (optimum: 7.00+7.50)

Temperature range: 4C + 37T (optimum: 4C)

Organic solvent’:
acetonitrile 30% in phosphate buffer 25 mM, r.t., pH 7.00, rt: 90% residual activity after 8 gg
acetonitrile 30% in phosphate buffer 25 mM, r.t., pH 7.00, rt:: ~ 30% residual activity after 24h

Storage
4C
Residual activity: n.d.

Reaction type
Hydrolysis of carboxylic esters.

Example of applications
Enantioselective hydrolysis of -tetralil esters and related structures.?

©\/\f0\ﬂ/Rl RML2 ©\/\\\‘OH HO\H/R1 ©\/\‘/O\H/R1
+ +
R R, O R R2 o) R R, O

3 3

#HRS R (+) S()

R1=C1-C4
R2=C1-C2 R3=H or R2-R3=-CH2-
CH2-

Activity assay :

O O
RML2
—_— +
H3C/\)J\O/\CH3 H3C/\)J\OH HO™ “CHs
Ethyl butyrate Butyric acid Ethyl alcohol

The activity is measured by hydrolysis of a 20% solution of ethyl butyrate at pH 7.00 and 25, evaluati ng
the acid formation by automatic titration with 0.1 N NaOH solution.

The activity (Ul/g) is calculated as pmoles of NaOH added per minute per gram of enzyme as reported
below:

mM NaOH x mL NaOH/minute

Activity (Ul/g) =
g RML2

14
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Size
1g, 100¢g

Price

10g 250,00
50g 400,00
100g 600,00

References and notes

3) Brenda Enzyme Database (www.brenda.uni-koeln.de)

4) I. Nieto, S. Rocchietti, D. Ubiali, G. Speranza, C.F. Morelli, I.LE. Fuentes, A.R. Alcantara, M. Terreni,
“Immobilization of Different Protein Fraction from Rhizomucor miehei Lipase Crude Extract Enzymatic
Resolution of (R,S)-2-tetralol”, Enzyme and Microbial Technology, 2005, 37, 514-520.

15
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PFL1
Enzyme information !
Name: Pseudomonas fluorescens Lipase
E.C. Number: 3.1.1.3
CAS Registry number: 9001-62-1
Original organism: Pseudomonas fluorescens
Immobilized enzyme
Activity of the immobilized enzyme
80 Ul/g
Stability
pH range: 6.00 + 8.00 (optimum: 7.00)
Temperature range: 4C + 25T (optimum: 4C)
Organic solvent:
30% acetonitrile, in phosphate buffer 25 mM, r.t, pH 7.00: 30% residual activity after 24h
30% acetone in phosphate buffer 25 mM, r.t, pH 7.00: 30% residual activity after 24h
Storage
4C

Residual activity: n.d.

Reaction type
Hydrolysis of carboxylic esters

Example of applications
Enantioselective hydrolysis of (R,S) 2-hydroxy-4-phenyl-butanoic acid ethyl ester’ (HPBE).

OH OH OH
PFL1 :
COOEt —> COOEt * ©/\/\COOH

R,S-HPBE R-HPBE S-HPBA

Activity assay

O o]
PFL1 +
H3C/\/ﬂ\o”\CH3 — H3C/A\V/M\OH HO™ “CHs
Ethyl butyrate Butyric acid Ethyl alcohol

The activity is measured by hydrolysis of a 20% solution of ethyl butyrate at pH 7.00 and room temperature,

according to the procedure reported in literature®.

The activity (Ul/g) is calculated as pmoles of NaOH added per minute per gram of enzyme as reported

below:

mM NaOH x mL NaOH/min
Activity (Ul/g) =

g PFL1

1€
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Size

1g, 100¢g
Price

10g 700,00
50g 700,00

100g 1000,00

References and notes

1) Brenda Enzyme Database (www.brenda.uni-koeln.de)

2) G. Fernandez-Lorente, M. Terreni, C. Mateo, A. Bastida, R. Fernandez-Lafuente, P. Dalmases, J.
Huguet, J.M. Guisan, “Modulation of Lipase Proprieties in Macro-aqueous System by Controlled Enzyme
Immobilization: Enantioselective Hydrolysis of a Chiral Esters by Immobilized Pseudomonas Lipase”,
Enzyme and Microbial technology, 2001, 28, 389-396.

3) I. Nieto, S. Rocchietti, D. Ubiali, G. Speranza, C.F. Morelli, I.E. Fuentes, A.R. Alcantara, M. Terreni,
“Immobilization of Different Protein Fraction from Rhizomucor miehei Lipase Crude Extract Enzymatic
Resolution of (R,S)-2-Tetralol”, Enzyme and Microbial Technology, 2005, 37, 514-520.

17
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Epoxidations

CPO1

Enzyme information !

Name: Chloroperoxidase

E.C. Number: 1.11.1.10

CAS Registry number: 9055-20-3

Original organism: Caldariomyces fumago
Immobilized enzyme

Activity of the immobilized enzyme
On request

Stability

pH range: 5.00 + 7.40 (optimum: 6.00)
Temperature range: 4C + 25T (optimum: 4<C)
Organic solvent: n.d.

Storage
4, in phosphate buffer 5 mM pH 6.00
Residual activity: n.d.

Reaction type
Peroxidations, epoxidations, sulfoxidations, halogenations.

Example of applications
Enantioselective epoxidation of styrene derivatives®.

O
| XX CPO1 | N
A
7
R R
Styrene R-Styrene epoxide
Activity assay
H3C NH2
SO3Na }1
~N_
OH | HCT~0 CPO1
H202
Cl Cl
3,5-Dichloro-2-
hydroxybenzensulfonic acid 4-Aminoantipyrine
(HDCBS) (4-AAP)

The activity is measured as an increase in the absorbance (510 nm) at pH 7.40 and room temperature
according to the procedure reported in literature,® opportunely adapted for CPO.

The activity (Ul/g) is calculated as umoles of peroxide released per minute per gram of enzyme as reported
below:

A/min x 1000 x MLy

Activity (Ul/g) =
x g CPO1

18



Catalog of enzymes: Epoxidations

Size
1g, 109

Price
On request

References and notes

1) Brenda Enzyme Database (www.brenda.uni-koeln.de)

2) S. Colonna, N. Gaggero, L. Casella, G. Carrea, P. Pasta, “Enantioselective Epoxidation of Styrene
Derivatives by Chloroperoxidase Catalysis”, Tetrahedron: Asymmetry, 1993, 4, 1325-1330.

3) K.J. Baynton, J.K. Bewtra, N. Biswas, K.E. Taylor, “Inactivation of Horseradish Peroxidase by Phenol
and Hydrogen Peroxide: a Kinetic Investigation”, Biochimica et Biophysica Acta, 1994, 1206, 272-278.

19
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Transglycosylations

UP1

Enzyme information !

Name: Uridine Phosphorylase
E.C. Number: 2.4.2.3

CAS Registry number: 9030-22-2
Original organism: Bacillus subtilis
Immobilized enzyme®*

Activity of the immobilized enzyme
10-15 Ul/g

Stability >

pH range: 6.00 + 10.00 (optimum: 7.00+7.50)
Temperature range: 4C + 45T (optimum: 4<C)
Organic solvent; n.d.

Storage
4, in glycerol 50% (v/v)
Residual activity: n.d.

Reaction type
Phosphorolysis and synthesis of the N-glycosidic bond

Examples of applications
1) Transglycosylation pyrimidine—pyrimidine (no Cytidine)

Pyrimidine, Pyrimidine,

HO UP1 HO

O +  Pyrimidine, e O +  Pyrimidine;
OH R OH R

R=H; OH R=H; OH

2) One-pot transglycosylation pyrimidine-purine** by using UP1 and PNP1 (see PNP1 pages 20-21).
UP1 catalyzed phosphorolysis of pyrimidine nucleoside (sugar donor); PNP1 catalyzed synthesis of purine
nucleoside from purine base (sugar acceptor).

Q O

HN | (0] N NH (0]

PN < |

o7 N HN™ SN UPLPNPL N NH
HO " PNy N> T HO N R

fe) R N H o) H (@]
2'-Deoxyuridine R=H Ipoxan'Fhlne R=H ' 2-Deoxy|n03|pe Uracil

R=NH, Guanine R=NH, 2'-Deoxyguanosine

2C
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Activity assay

o]
| NH o HO
PN uPL ©
N~ 0 L . | NH
HO KH,PO, N o
o H OPO3?
OH
2'-Deoxyuridine Uracil 2'-Deoxyribose-1-phosphate

The activity is measured by hydrolysis of 2’-deoxyuridine at pH 7.40 and 37<C according to the procedure
reported in literature®.

The activity (Ul/g) is calculated as pmoles of 2'-deoxyuridine transformed per minute per gram of enzyme as
reported below:

Absorbance x 1000 x mL solution

Activity (Ul/g) =
x g UP1 x minutes

Size
1g, 10g
Larger scale available on request

Price
29 1000,00
10g 3000,00

References and notes

1) Brenda Enzyme Database (www.brenda.uni-koeln.de)

2) S. Rocchietti, D. Ubiali, M. Terreni, A.M. Albertini, R. Fernandez-Lafuente, J.M. Guisan, M. Pregnolato,
“Immobilization and Stabilizzation of Recombinant Multimeric Uridine and Purine Nucleoside
Phosphorylases from B. Subtilis. Biomacromolecules”, 2004, 5,( 6), 2195-2200

3) D. Ubiali, S. Rocchietti, F. Scaramozzino, M. Terreni, A.M. Alberini, R. Fernandez-Lafuente, J.M. Guisan,
M. Pregnolato, “One-pot Synthesis of 2’-Deoxynucleosides by Transglycosylation with New Immobilized
and Stabilized Uridine Phosphorylase and Purine Nucleoside Phosphorylase” Advanced Synthesis &
Catalysis, 2004, 346, 1361-1366

4) M. Pregnolato, M. Terreni, A.M. Albertini, J.M. Guisan, R. Fernandez-Lafuente, M. Frigerio.
"Transglycosylation of nucleosides by biocatalysis with immobilized and stabilized enzymes", WO-
03008619 2003

21
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PNP1

Enzyme information !

Name: Purine Nucleoside Phosphorylase
E.C. Number: 2.4.2.1

CAS Registry number: 9030-21-1
Original organism: Bacillus subtilis
Immobilized enzyme®*

Activity of the immobilized enzyme
50-70 Ul/g

Stability >

pH range: 6.00 + 10.00 (optimum: 7.00+7.50)
Temperature range: 4C + 45T (optimum: 4<C)
Organic solvent: n.d.

Storage
4, in glycerol 50% (v/v)
Residual activity: n.d.

Reaction type
Phosphorolysis and synthesis of the N-glycosidic bond

Examples of applications
1) Transglycosylation purine—purine (no Adenosine)

Purine;

HO PNP1 HO

) + Puriney ———

OH R OH

R= H; OH R=H; OH

2)One-pot transglycosylation pyrimidine-purine®® by using UP1 and PNP1 (see UP1 pages 18-19).

UP1 catalyzed phosphorolysis of pyrimidine nucleoside (sugar donor); PNP1 catalyzed synthesis of purine

nucleoside from purine base (sugar acceptor).

O

HNJJ] (@]
O)\N HN N, UPLPNP1L
HO + )\\ | N> -
fe) R N H
OH
2'-Deoxyuridine R=H Ipoxan'Fhlne R
R=NH, Guanine R

HO

2'-Deoxyinosine
2'-Deoxyguanosine

22
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Activity assay :

HO

OH
N XN HO OH O
< J e ° N thi N
N 1 N xanthine HN
N o * k | \> oxidase | >=O
o KH2PO,4 OH O SN o~ N
OPO3* H H H
OH OH
Inosine Ribose-1-phosphate  Hypoxanthine Uric acid

The activity is measured by hydrolysis of inosine at pH 7.00 and 25T according to the procedure repor ted in
literature” (bienzymatic assay).

The activity (Ul/g) is calculated as moles of inosine transformed per minute per gram of enzyme as reported
below:

Activity (Ul/g) =

A/min x 1000 x MLy

x g PNP1
Size
l1g, 109
Price
29 1000,00
10g 3000,00

References and notes

1)
2)

3)

4)

Brenda Enzyme Database (www.brenda.uni-koeln.de)

S. Rocchietti, D. Ubiali, M. Terreni, A.M. Albertini, R. Fernandez-Lafuente, J.M. Guisan, M. Pregnolato,
“Immobilization and Stabilizzation of Recombinant Multimeric Uridine and Purine Nucleoside
Phosphorylases from B. Subtilis. Biomacromolecules”, 2004, 5,( 6), 2195-2200

D. Ubiali, S. Rocchietti, F. Scaramozzino, M. Terreni, A.M. Alberini, R. Fernandez-Lafuente, J.M. Guisan,
M. Pregnolato, “One-pot Synthesis of 2’-Deoxynucleosides by Transglycosylation with New Immobilized
and Stabilized Uridine Phosphorylase and Purine Nucleoside Phosphorylase” Advanced Synthesis &
Catalysis, 2004, 346, 1361-1366

M. Pregnolato, M. Terreni, A.M. Albertini, J.M. Guisan, R. Fernandez-Lafuente, M. Frigerio.
"Transglycosylation of nucleosides by biocatalysis with immobilized and stabilized enzymes", WO-
03008619 2003

23



Catalog of enzymes: Synthesis of -lactam antibiotics and their intermediates

Synthesis of -lactam antibiotics and their
intermediates

PGAl

Enzyme information *

Name: Penicillin G Acylase

E.C. Number: 3.5.1.11

CAS Registry number: 9014-06-6
Original organism: Escherichia coli
Immobilized enzyme

Activity of the immobilized enzyme
200 Ul/g (PGK assay; see below)

Stability

pH range: 6.00 + 8.00 (optimum: 6.50+7.50)
Temperature range: 4C + 37T (optimum: 4C)
Organic solvent: stable in methanol up to 20% (v/v)

Storage
4%, in glycerol 50% (v/v)
Residual activity: 100% after 1 year

Reaction type
Hydrolysis or synthesis of aryl acetic esters or amides®.

Examples of applications
1) Synthesis of Cefazolin.

=N
N
N N=/ _>/-7HN S
N:/ /Y € + j)\/ YCHg - N._~ S\(SYCH3
O (0] \
COOH N— COOH N-N
7-Amino-3-(5-methyl-[1,3,4]thiadiazol-
Tetrazol-1-yl-acetic 2-ylsulfanylmethyl)-8-oxo-5-thia-1- .
acid methyl ester aza-bicyclo[4.2.0]oct-2-ene-2- Cefazolin

carboxylic acid

2) Synthesis of Cefamandole.

OH
OH j;'/
_CHz _PGA1
Sy Fme ey U
o)

COOH N\ /,N
N COOH N, .
7-Amino-3-(3-methyl-3H-
R(-)-mandelic acid [1,2,3]triazol-4-ylsulfanylmethyl)-8-
methyl ester 0x0-5-thia-1-aza-bicyclo[4.2.0]oct-2-
ene-2-carboxylic acid

Cefamandole
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3) Synthesis of Cefonicid®:

I QV soma P Q/Sr )J
7 /“\so3H
COOH N\ ,,

COOH \N”N
7-Amino-8-oxo-3-(1-sulfomethyl-1H-
R(-)-mandelic acid tetrazol-5-ylsulfanylmethyl)-5-thia-1- Cefonicid
methyl ester aza-bicyclo[4.2.0]oct-2-ene-2-
carboxylic acid sodium salt
Activity assay
1) PGK assay
(0]
HH
\)LCH g T . j;'/ CHg
5 N—/ OH 5
CoOoK co
Penicillin G . . 6-Amino penicillanic acid

potassium salt (PGK) Phenyl-acetic acid

potassium salt (6-APA)

The activity is measured by hydrolysis of a 3% solution of Penicillin G potassium salt (PGK) in 0.01 M
phos_phate buffer at pH 8.00 and 37<C evaluating the acid formation by automatic titration with 0.1 N NaOH
'sl'cr)lltlajtggt'ivity (Ul/g) is calculated as pmoles of NaOH added per minute per gram of enzyme as reported
pelow mM NaOH x mL NaOH/minute

Activity (Ul/g) =
g PGAL
2) NIPAB assay *
COOH COOH

2-Nitro-5-phenylacetamido- Ao o . . i . .
benzoic acid (NIPAB) 5-Amino-2-nitro benzoic acid Phenyl-acetic acid

The activity is measured by hydrolysis of a solution of NIPAB at pH 8.00 and 37<C evaluating the kinet ic of 5-
Amino-2-nitro benzoic acid formation at | =405 nm.

The activity (Ul/g) is calculated as pmoles of 5-Amino-2-nitro benzoic acid released per minute per gram of
enzyme as reported below:

A/min x 1000 x MLy

Activity (Ul/g) =
x g PGAl
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Size

1g, 100¢g

Larger scale available on request
Price

1049 250,00

509 500,00

100g 700,00

References and notes

1) Brenda Enzyme Database (www.brenda.uni-koeln.de)

2) D.Rossi, A. Romeo, G. Lucente, “Approach to the Use of Benzylpenicillinacylase for Configurational
Correlations of Amino Compounds”, J. Org. Chem.,1978, 43, 2576-2581.

3) M. Terreni, J. Gapesie Tchamkam, U. Sarnataro, S. Rocchietti, R. Fernandez-Lafuente, J.M. Guisan,
“Influence of Substrate Structure on PGA-Catalyzed Acylations. Evaluation of Different Approaches for
the Enzymatic Synthesis of Cefonicid”, Advanced Synthesis and Catalysis 2005, 347, 121-128.

4) C. Kutzbach, E. Rauenbusch, “Preparation and General Properties of Crystalline Penicillin G Acylase
from Escherichia coli ATCC11105” Hoppe-Seyler’s Z. Physiol. Chem. 1974, 354, 45-53.
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Selective hydrolysis of polyesters

PFL1

Enzyme information *

Name: Pseudomonas fluorescens Lipase
E.C. Number: 3.1.1.3

CAS Registry number: 9001-62-1

Original organism: Pseudomonas fluorescens
Immobilized enzyme

Activity of the immobilized enzyme
80 Ul/g

Stability

pH range: 6.00 + 8.00 (optimum: 7.00)
Temperature range: 4C + 25T (optimum: 4<C)
Organic solvent: n.d.

Storage

4T

Residual activity: n.d.

Reaction type
Hydrolysis of carboxylic esters.

Examples of applications
Selective enzymatic hydrolysis of nucleoside polyesters:

Preparation of 2’,3’-di-O-Acetyl-5-FluoroUridine.
0 o]
F
\fl\NH F\f‘\NH
N/go PFL1 Nko
AcO
o] 0]

EE——
HO
OAc OAc OAc OAc

Preparation of N-n-butanoyl-2’-3'di-O-n-butanolyladenosine.

NHBuU NHBuU

/N XN /N N
<N | N/) PFL1 < | N/)

—_— N

BuO HO
(@] (@]

OBuU OBu OBuU OBu
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Activity assay ?

Q PFL1 Q
— +
H3C/\)J\O/\CH3 H3C/\)J\OH HO™ “CHs
Ethyl butyrate Butyric acid Ethyl alcohol

The activity is measured by hydrolysis of a 20% solution of ethyl butyrate at pH 7.00 and room temperature,
according to the procedure reported in literature®.

The activity (Ul/g) is calculated as pmoles of NaOH added per minute per gram of enzyme as reported
below:

mM NaOH x mL NaOH/min

Activity (Ul/g) =
g PFL1
Size
1g, 100¢g
Price
10g 700,00
50g 700,00

100g 1000,00

References and notes

1) Brenda Enzyme Database (www.brenda.uni-koeln.de)

2) S. Rocchietti, M. Terreni, M. Pregnolato. “Process for the selective enzymatic hydrolysis of nucleoside
polyesters”, WO-03057894 2003

3) I. Nieto, S. Rocchietti, D. Ubiali, G. Speranza, C.F. Morelli, I.E. Fuentes, A.R. Alcantara, M. Terreni,
“Immobilization of Different Protein Fraction from Rhizomucor miehei Lipase Crude Extract Enzymatic
Resolution of (R,S)-2-Tetralol” Enzyme and Microbial Technology, 2005, 37, 514-520.
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PFL2

Enzyme information !

Name: Pseudomonas fluorescens Lipase
E.C. Number: 3.1.1.3

CAS Registry number: 9001-62-1

Original organism: Pseudomonas fluorescens
Immobilized enzyme

Activity of the immobilized enzyme
50 Ul/g

Stability

pH range: 6.00 + 8.00 (optimum: 7.00)

Temperature range: 4C + 25T (optimum: 4C)

Organic solvent:
30% acetonitrile, in phosphate buffer 26mM, rt, pH 7:  50% residual activity after 8gg
30% acetonitrile, phosphate buffer 25mM, rt, pH 7 : 50% residual activity after 8gg

Storage
4T
Residual activity: n.d.

Reaction type
Hydrolysis of carboxylic esters.

Examples of applications
Selective enzymatic hydrolysis of nucleoside polyesters®:

Preparation of 2’,3’-di-O-Acetyl-5-FluoroUridine.
0 O
F
N0 PFL2 N0
AcO
o] o

—_—
HO
OAc OAc OAc OAc

Preparation of N-n-butanoyl-2’-3'di-O-n-butanolyladenosine.

NHBuU NHBuU

/N XN /N N
<N | N/) PFL2 < | N/)

—_— N

BuO HO
(@] (@]

OBuU OBu OBuU OBu
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Activity assay ?

Q PFL2 Q
— +
H3C/\)J\O/\CH3 H3C/\)J\OH HO™ “CHs
Ethyl butyrate Butyric acid Ethyl alcohol

The activity is measured by hydrolysis of a 20% solution of ethyl butyrate at pH 7.00 and room temperature,
according to the procedure reported in literature®.

The activity (Ul/g) is calculated as pmoles of NaOH added per minute per gram of enzyme as reported
below:

mM NaOH x mL NaOH/min
Activity (Ul/g) =

g PFL2

Size
1g, 100¢g

Price

10g 300,00

50g 450,00

100g 700,00

2-10 Kg 1200,00 /Kg
>30Kg 850,00 /Kg

References and notes

4) Brenda Enzyme Database (www.brenda.uni-koeln.de)

5) S. Rocchietti, M. Terreni, M. Pregnolato. “Process for the selective enzymatic hydrolysis of nucleoside
polyesters”, WO-03057894 2003

6) I. Nieto, S. Rocchietti, D. Ubiali, G. Speranza, C.F. Morelli, I.E. Fuentes, A.R. Alcantara, M. Terreni,
“Immobilization of Different Protein Fraction from Rhizomucor miehei Lipase Crude Extract Enzymatic
Resolution of (R,S)-2-Tetralol” Enzyme and Microbial Technology, 2005, 37, 514-520.
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CRL1

Enzyme information !

Name: Candida rugosa Lipase
E.C. Number: 3.1.1.3

CAS Registry number: 9001-62-1
Original organism: Candida rugosa
Immobilized enzyme

Activity of the immobilized enzyme
300 Ul/g

Stability

pH range: 4.00 + 8.00 (optimum: 7.00)
Temperature range: 4C + 25T (optimum: 4<C)
Organic solvent:

acetonitrile 20% in phosphate buffer 50 mM, r.t., pH 5.00:

DMSO 20% in phosphate buffer 50 mM, r.t, pH 5.00:
acetone 20% in phosphate buffer 50 mM, r.t, pH 5.00:

acetonitrile 30% in phosphate buffer 25 mM, r.t., pH 7.00:

acetone 30% in phosphate buffer 25 mM, r.t, pH 7.00:

Storage
4T
Residual activity: n.d.

Reaction type
Hydrolysis of carboxylic esters

Examples of applications
1) Selective enzymatic hydrolysis of nucleoside polyesters®:
Preparation of 2'-3'di-O-acetyluridine.

O O

NH f‘\NH
N CRL1 /K

|
/go i N O
AcO HO
= =

OAc OAc OAc OAc

2) Selective enzymatic hydrolysis of sugar polyesters®

80% residual activity after 24h
80% residual activity after 24h
60% residual activity after 24h
30% residual activity after 24h
60% residual activity after 8 gg

Preparation of 2-Deoxy-2-Acetamido-1,3,4-Tri-O-Acetyl- -D-Glucopyranose.

OAcC OH

(0] CRL1 (0]
AcO S AcO
AcO AcO

AcHN
ACHN  5pc OAc
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Activity assay ‘

Q CRL1 Q
— +
H3C/\)J\O/\CH3 H3C/\)J\OH HO™ “CHs
Ethyl butyrate Butyric acid Ethyl alcohol

The activity is measured by hydrolysis of a 20% solution of ethyl butyrate at pH 7.00 and room temperature,
according to the procedure reported in literature”.

The activity (Ul/g) is calculated as pmoles of NaOH added per minute per gram of enzyme as reported
below:

mM NaOH x mL NaOH/min

Activity (Ul/g) =
g CRL1
Size
1g, 100¢g
Price
29 200,00
10g 450,00

50g 800,00
100g  1150,00

References and notes

1) Brenda Enzyme Database (www.brenda.uni-koeln.de)

2) S. Rocchietti, M. Terreni, M. Pregnolato. “Process for the selective enzymatic hydrolysis of nucleoside
polyesters”, WO-03057894 2003.

3) M. Filice, D.Ubiali, G. Pagani, M. Terreni, M. Pregnolato, “One-pot synthesis of 2-acetamido-2-deoxy-
1,3,6-tri-O-acetyl-a-D-glucopyranose as intermediate for N-acetyl-a-D-lactosamine heptaacetate
preparation”, Arkivoc, 2006, viii, 66-73.

4) |. Nieto, S. Rocchietti, D. Ubiali, G. Speranza, C.F. Morelli, .E. Fuentes, A.R. Alcantara, M. Terreni
"Immobilization of Different Protein Fraction from Rhizomucor miehei Lipase Crude Extract Enzymatic
Resolution of (R,S)-2-Tetralol”, Enzyme and Microbial Technology, 2005, 37, 514-520.
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CRL2

Enzyme information !

Name: Candida rugosa Lipase
E.C. Number: 3.1.1.3

CAS Registry number: 9001-62-1
Original organism: Candida rugosa
Immobilized enzyme

Activity of the immobilized enzyme
80-100 Ul/g

Stability

pH range: n.d.
Temperature range: n.d.
Organic solvent: n.d.

Storage
4T
Residual activity: n.d.

Reaction type
Hydrolysis of carboxylic esters

Example of application
Selective enzymatic hydrolysis of nucleoside polyesters®:
Preparation of 2'-3'di-O-acetyluridine.

(0] (@]
N Yo _CRLZ N)%o
AcO HO
(@] (@]
OAc OAc OAc OAc

Activity assay
1) Tributyrin assay

O
I I
CH3-CH2-CH2-C-O-C|2H2 o CH3-CH,"CH»C-O-CH,
I I
o HC-0-C-CHyCHyCHs CRL 2 o HC-OH + HO-C-CHyCH;CHs
I I
CH3'CH2'CH2'C'O'CH2 CH3'CH2'CH2'C'O'CH2
Tributyrin Dibutyrylglycerol Butyric acid

The activity is measured by hydrolysis of a 1% tributyrin emulsion in 2% gum Arabic, pH 7.00 at room
temperature, evaluating the acid formation by automatic titration with 0.01 N NaOH solution.

The activity (Ul/g) is calculated as pmoles of NaOH added per minute per gram of enzyme as reported
below:

mM NaOH x mL NaOH/min
Activity (Ul/g) =

g CRL2
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2) p-nitrophenylesters assay

The activity is measured by hydrolysis of a solution of p-nitrophenylesters, 0,5% Triton X-100 at pH 7.00 and
room temperature, evaluating the kinetic of p-nitrophenol formation at | =400 nm.*

The activity (Ul/g) is calculated as pmoles of p-nitro phenol formed per minute per gram of enzyme as
reported below:

A/min x 1000 x mLy

Activity (Ul/g) =
x g CRL2
3) Ethyl butyrate assay
/\)(J)\ RL2 /\)(J)\ "
HaC 0" CH;, HaC OH HO™ “CHs
Ethyl butyrate Butyric acid Ethyl alcohol

The activity is measured by hydrolysis of a 20% solution of ethyl butyrate at pH 7.00 and room temperature,
according to the procedure reported in literature”.

The activity (Ul/g) is calculated as pmoles of NaOH added per minute per gram of enzyme as reported
below:

mM NaOH x mL NaOH/min
Activity (Ul/g) =

g CRL2

Size
1g, 109

Price
On request

References and notes

1) Brenda Enzyme Database (www.brenda.uni-koeln.de)

2) S. Rocchietti, M. Terreni, M. Pregnolato. “Process for the selective enzymatic hydrolysis of nucleoside
polyesters”, WO-03057894 2003.

3) S. Brocca, C. Schmidt-Dannert, M. Lotti, L. Alberghina, R.D. Schmid. “Design, total synthesis and
functional overexpression of the Candida rugosa lipl gene coding for a major industrial lipase”, Protein
Science, 1998, 8, 1-7.

4) |. Nieto, S. Rocchietti, D. Ubiali, G. Speranza, C.F. Morelli, I.E. Fuentes, A.R. Alcantara, M. Terreni
"Immobilization of Different Protein Fraction from Rhizomucor miehei Lipase Crude Extract Enzymatic
Resolution of (R,S)-2-Tetralol”, Enzyme and Microbial Technology, 2005, 37, 514-520.
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General information

The products in this catalog are available in different packaging depending on your request.

For more information about prices and delivery time, please, contact us.

INNOVATE BIOTECHNOLOGY s.r.l.

Strada Comunale Savonesa 9

15050 Loc. Rivalta Scrivia - Tortona (AL) - Italy
Tel. 0039-0131-872912; Fax. 0039-0131-860792

e-mail: ed@innovatebiotechnology.com
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GP-01
Name: 2-Deoxy-2-Acetamido-1,3,4-Tri-O-Acetyl- -D-Glucopyranose”
CAS Registry number: 10034-17-0
M.W.: 347.32
C14HZloQNl

OH

AcO
AcO

AcHN
OAc

Price
25¢g 56,00
100g 153,00

GP-02
Name: 2-Deoxy-2-Acetamido-1,3,6-Tri-O-Acetyl- -D-Glucopyranose®
CAS Registry number: 139884-74-5
M.W.: 347.32
C14H2109N1

OAc

HO
AcO

AcHN
OAc

Price
25¢g 56,00
100g 153,00

GP-03

Name: 1,2,3,4-Tetra-O-Acetyl- -D-Glucopyranose2
CAS Registry number: 27539-65-7

M.W.: 348.30

C14H20010

OH

AcO
AcO

OAc
OAc

Price
25¢g 28,00
100g 84,00
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GP-04

Name: 1,2,3,6-Tetra-O-Acetyl- -D-Glucopyranose’
CAS Registry number: 55286-97-0

M.W.: 348.30
C14H20010
OAc
(0]
HO
AcO
OAc
OAc
Price
259 28,00
100g 84,00

GP-05
Name: 2-Deoxy-2-Acetamido-1,4,6-Tri-O-Acetyl- -D-Glucopyranose®
CAS Registry number: n.e.
M.W.: 347.32
C14H2100N;

OAc
0 W
AcO Ne
AcHN
OAc
Price

259 56,00
100g 153,00
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GAP-01

Name: 1,2,3,4-Tetra-O-Acetyl- -D-Galactopyranose
CAS Registry number: 73366-80-0

M.W.: 348.30
C14H20010
OAc OH
(@]
AcO
OAc
OAc
Price
1g 115,00

GAP-02

Name: 1,2,3,6-Tetra-O-Acetyl- -D-Galactopyranose
CAS Registry number: 18977-16-2

M.W.: 348.30
C14H2001¢

OH OAc

(0]
AcO
OAc
OAc

Price
1g 124,00

GAP-03

Name: 2-Deoxy-2-Acetamido-1,4,6-Tri-O-Acetyl- -D-Galactopyranose
CAS Registry number: n.e.

M.W.: 347.32
C14H2100N
OAc OAc

o} New

HO

NHA
OAc

Price
1g 191,00

3¢



Catalog of chemicals: LA series

LA-O1

Name: -N-Acetyl Lactosamine Heptacetate
CAS Registry number: 36954-63-9
M.W.: 677.62
CZBH39018N1
OAG OAc
0 OAc
AcO (0]
OAc AcO Q
NHAc
OAc
Price
5mg 72,00
10mg 89,00
25mg 275

100mg 749,00
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Name: 2',3"-di-O-Acetyl-Uridine®
CAS Registry number: 29108-90-5
M.W.: 328.28

C13H1608N;

Price
59 165,00

Name: 5’-Deoxy-2’,3'-di-O-Acetyl-Uridine
CAS Registry number: 94097-93-5
M.W.: 312.29

C13H1607N>

(0]

NH

Price
1g 178,00

Name: 5’-Deoxy-Uridine

CAS Registry number: 94097-93-5
M.W.: 228.20

CoH1505N,

(0]

NH
|

Price
1lg 150,00

NU-01

NU-02

NU-03
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Name: 2',3"-di-O-Acetyl-5-FluoroUridine®
CAS Registry number: 77412-87-5

M.W.: 346.26
Cl3H1508N2F

Price

100mg 83,00
250mg 128,00
19 393,00

Name: 2',3’-di-O-Acetyl-Ribavirin
CAS Registry number: n.e.
M.W.: 370.31

C14H1808N,4

H H .
OAc OAc Price

10mg 48,00
50mg 159,00

NU-04

NU-06
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Name: 3'-O-Acetyl -2’-deoxyuridine
CAS Registry number: 23197-88-8
M.W.: 270.24

C11H1406N>

Price

100mg 21
250mg 36
19 92
59 290
25¢g 970

Name: 5’-O-Acetyl -2’-deoxyuridine
CAS Registry number: 118725-82-9
M.W.: 270.24

C11H1406N;

AcO

Price

100mg 21

250mg 36

19 92

59 290
25¢g 970

NU-07

NU-08
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Name: 3'-O-Acetyl -thymidine
CAS Registry number: 21090-30-2
M.W.: 284.27

ClZH16OGN2

H,C

Price

100mg 110,00
250mg 162,00
19 525,00

Name: 5’-O-Acetyl -thymidine
CAS Registry number: 35898-31-8
M.W.: 284.27

C12H1606N>

H,C

AcO

Price

100mg 110,00
250mg 162,00
19 525,00

NU-09

NU-10
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Name: 2’,3’-di-O-Acetyl-Arabinosyluridine
CAS Registry number: 21016-88-6

M.W.: 328.28

C13H1608N;

Price

100mg 90,00
250mg 166,00
1g 426,00

Name: 2',5’-di-O-Acetyl-Arabinosyladenosine
CAS Registry number: 74829-57-5

M.W.: 351.31

C14H1706Ns

AcO

Price
5mg 120,00
25mg 470,00

NU-11

NU-12
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NU-13

Name: 2’-O-Acetyl-Arabinosyladenosine
CAS Registry number: 65174-95-0
M.W.: 309.28

C12H1505N5

Price
5mg 120,00
25mg 470,00

NU-14

Name: N-n-butanoyl-2’,3’-di-O-n-butanoyladenosine
CAS Registry number: 561298-05-3

M.W.: 477.52

CyH31:07N5

NHCOPr

N Y
7
AL

HO

H H
OCOPr OCOPF

Price

5mg 132,00
25mg 500,00
References:

1) M. Filice, D.Ubiali, G. Pagani, M. Terreni, M. Pregnolato, “One-pot synthesis of 2-acetamido-2-deoxy-
1,3,6-tri-O-acetyl-a-D-glucopyranose as intermediate for N-acetyl-a-D-lactosamine heptaacetate
preparation”, Arkivoc, 2006, viii, 66-73.

2) M. Terreni, R. Salvetti, L. Linati, R. Fernandez-Lafuente, G. Fernandez-Lorente, A. Bastida, J.M. Guisan,
“Regioselective enzymatic hydrolysis of acetylated pyranoses and pyranosides using immobilized
lipases. An easy chemoenzymatic synthesis of a- and b- D-glucopyranose acetates bearing a free
secondary C-4 hydroxyl goup”, Carbohydrate Research, 2002, 337, 1615-1621.

3) S. Rocchietti, M. Terreni, M. Pregnolato. “Process for the selective enzymatic hydrolysis of nucleoside
polyesters”, WO-03057894 2003
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