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Isopropylamine as Amine
Donor in Transaminase-
Catalyzed Reactions: Better
Acceptance through Reaction
and Enzyme Engineering

Ayad W.H. Dawood,® Martin S. WeiR®, Christian
Schulz®, loannis V. Pavlidis®®, Hans Iding!?,
Rodrigo O.M.A. de Souza,'! Uwe T.
Bornscheuer*®

Abstract: Amine transaminases (ATA) have now become frequently
used biocatalysts in chemo-enzymatic syntheses including industrial
applications. They catalyze the transfer of an amine group from a
donor to an acceptor leading to an amine product with high
enantiopurity. Hence, they represent an environmentally benign
alternative for waste intensive chemical amine synthesis.
Isopropylamine (IPA) is probably one of the most favored amine
donors since it is cheap and achiral, but nevertheless there is no
consistency in literature concerning reaction conditions when IPA is
best to be used. At the same time there is still a poor understanding
which structural properties in ATA are responsible for
acceptance. Herein, we demonstrate, on the basis of the
enzyme scaffold, a substantial improvement in catalytic
towards IPA as the amine donor. The asymmetric syn

investigation of the pH-value as well as concentration
common benchmark substrates and several ATA
necessity of a substrate- and ATA-dependent reactio,

[a]
Dept. of Biotechndfo

Institute of Biochemistry?
Felix-Hausdorff-Str. 4

[b]
[c]

istry, University of Crete,
lion, (Greece)

[d]
esis Group, Institute of Chemistry
Federal University of Ri0 iro (Brazil)

Supporting information for this article is given via a link at the end of
the document.

10.1002/cctc.201800936

WILEY-VCH

natural substrate and especially the position of the transferred
amine group and/or carboxyl moiety."? Amine transaminases
(ATA), a subgroup of w-TA (class Ill transaminase family), are of
special interest for the chemo-enzymatic application. In contrast
to w-TA, which accept carbon ubstrates with a distal
carboxylate group, ATA tolerate su without a carboxyl
moiety and therefore a wide range of nd aldehydes.
Hence, in the last decade ATA became, targets for
enzyme engineering® " re environmentally benign
alternative for the chemical metal-catalyzed amine
synthesis in pharmaceutic ical industries." For

)-rivastigmine!'®®!
n larger scale using ATA.
le examples is the
g/L scale after several
selected ATA.P! In this
g resulted not only in a
er temperature and solvent
in an enhanced isopropylamine (IPA)
riant contained 27 mutations. To have
bulky prositagliptin ketone, the most
mutations we active site region. However, to
ensure acceptance/tolerance of IPA many mutations were
globally dis%ed over the entire protein since the majority of

or (S)-ivabradine!"”!
Certainly, one

manufacturing of
rounds of protein

d-type AT4¥do not accept it well as the amine donor. More

ntly, we¥ could also design (S)-selective ATAs for the

metric synthesis of chiral amines from sterically demanding
etones. 138

mmetric synthesis is the most convenient and
vored route to a target chiral amine. In contrast
resolution mode, the asymmetric synthesis starts
from the prochiral ketone and results in the desired chiral
product with a theoretical yield of 100%.""%*"! The downside of
trategy is a very often unfavorable reaction equilibrium,
makes strategies for equilibrium shifting necessary.
efore several equilibrium displacement techniques were
ablished, for instance involving enzymatic cascades in order
remove co-products,'®?>-? tilization of ‘smart-donors’ which
are converted into sacrificial co-substrates after
transamination 2 or application of the amine donor in large
excess.P¥ In fact, IPA is the industrially favored amine donor for
asymmetric syntheses since it is cheap, achiral — so the
enantioselectivity of the ATA has not to be considered — and the
by-product acetone is supposed to have a drastic lower
reactivity in the back reaction.”® Additionally, in terms of shifting
the equilibrium, acetone can be easily removed from the
reaction solution.”! In general, it was reported in many cases
that an excess of IPA needs to be applied to drive the
transamination of various substrates to the desired product
side® 13182334441 \when enzyme engineering did not lead to a
better IPA acceptance, as mentioned above. In particular,
different reaction conditions were reported such as varying
donor-acceptor-ratio from 1.5-fold® over 40-fold®® to 200-fold™
and a pH range from 7.3"" to 9.5.14!

NH,

SO0

1a 1b

250-fold excess
2b

2a
Scheme 1. Model reactions and preparative scale reactions with IPA as amine
donor using substrates as reported in literature

3FCR-variant
buffer, pH 10, 30 °C
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Table 1. Comparison of the presented variants of 3FCR regarding initial activity measurements with racemic 1b or 2b and asymmetric synthesis of 1b or 2b

using IPA as the amine donor. * n.d.: not detectable

ATA variant Specific activity [mU mg'1][a] Substrate conversion [%][b]

rac-1b rac-2b 1a eep [%]7 .‘ 2a eep [%]
3FCR-QM 218.6+16.8 1049+ 1.6 128+1.2 >99 (R) \ -
3FCR-QM-W59L 88.1+4.2 703+1.5 6.8+1.5 8%.‘?) l) imy > 99 (S)
3FCR-QM-W59L-R420A 141.2+1.6 63.5+0.6 50.6 + 3.6 9 '23.8 +25 > 99 (S)
3FCR-QM-W59L-R420W 70.9+0.7 90.9+4.3 83.5+4.0 AR) N +3.5 > 99 (S)

[a] Assay conditions for the kinetic resolution: 0.5 mM rac-1b or 0.25 mM rac-2b, pentanal in equimolar ratj

0.07 mg mL” purified enzyme, 30 °C.

[b] Assay conditions for the asymmetric synthesis: 2 mM ketone (1a or 2a), 0.5 M IPA, 30% (v/v) DMSO,
mL” purified enzyme (substrate to enzyme ratio, s/fe ~ 0.35 — 0.47 w/w), 30 °C. Conversion was det
2-iodoacetophenone as internal standard for the quantification of amine product formation. Samples were t!
[c] The enantiomeric excess was determined via chiral GC analysis using a Hydrodex-R-TBDAc colum(Ma

So far, there has been no study, in which the influence of IPA on
transaminase activity has been explored to cover both aspects,
the acceptance of IPA as amine donor (requiring identification of
optimal pH values, concentration dependency as well as
mutations in the active site region) and the influence of IPA to
the overall protein stability as this amine donor also has solvent
effects on the enzyme. In this work, crucial amino acid residues
around the active site were identified for IPA acceptance and
also a systematic investigation was performed for a range of
ATA, different ketone substrates and different reaction
conditions with the aim of providing a more generic solution for
ATA-catalyzed asymmetric synthesis using IPA.

Recently, we reported the engineering of the ATA
Ruegeria sp. TM1040 (PDB-ID: 3FCR) for the acceptance of
bulky ketones where the corresponding amin
pharmaceutical relevance.®'®'® The best variants
approach (e.g. one quadruple mutant 3FCR-
Y152F-T231A, 3FCR-QM) did not accept IPA wel
donor."*"® we already identified position 59 in

Because of the notable seque
ID 5GHG) and 3FCR of appr
on position 59 in the
3FCR-QM as templa
the NNK library against
assay, as described previo
variant with significant highe
donor containe i
4.6-fold higher ac

ing from the variant
saturated p and screened
using the gl oxidase (GO)
M7 It turned out that the only
tivity towards IPA as amine
-QM-W59L which led to a
template (see Table S1,

Supporting  Inform¥@on).  More A transaminases are
remarkahle for their substrate recognition facilitated by a
flexible o esidue ich is forming a salt bridge to the

espective substrate. It is highly
conserved in e.g. cid transaminases, ornithine
transaminases and amine transaminases."*® Notably, the w-
amino acid transaminase from Bacillus anthracis (Ban-TA)
represents an exception as the ‘flipping arginine’ is naturally

% (vIv) DMSQ CHES 10 (50 mM), 0.045 —

S buffer pH 10 (50
ined after 20 h via
in triplicate from

), 0.1 mM PLP, 0.89 - 1.2 mg
s chromatography (GC) with
e parallel reactions.

'neM that no movement of an

equired for substrate recognition. Ban-TA

towards propylamines (e.g. IPA) as

when the choice of substrates make

the coordinatio oieties obsolete, the role of the

‘flipping arginine’ (position 420 in 3FCR) is questionable and in

addition a str positive charge at the entrance of the active
6

replaced by a
amino acid residu

considered to be detrimental for the accessibility
A on t LP molecule. We used 3FCR-QM as template
introduced at position 420 several amino acids with different
teristics (hydrophobic, basic and acidic). The variants
rrogated in our chosen asymmetric synthesis model

eme 1), because the GO-assay demands
f glyoxylate and therefore was not suitable for the
purpose of 'a screening. The best-performing variant was the
mutation R420W (Table S2, Sl), which we later introduced into
the, 3FCR-QM-W59L variant. Additionally, we produced the
3FCR-QM-W59L-R420A in order to provide an amino
esidue at this position, which causes more space and low
rference at the entrance of the active site tunnel. Both
riants were compared in the mentioned model reactions with
PA revealing a drastic improvement in conversion of 1a and 2a
compared to 3FCR-QM and 3FCR-QM-W59L (Table 1),
especially in case of 3FCR-QM-W59L-R420W. Remarkably, the
mutation at position 59 in 3FCR-QM - which showed a
significant improvement in the GO-assay with IPA — did not lead
to a better conversion of 1a to 1b but at the same time a
detectable product formation of 2b. These results (especially for
3FCR-QM-W59L-R420W) are more meaningful when the
activities in kinetic resolution mode using rac-1b and rac-2b are
considered.

ATA
R O buffer, pH 7.5 - 10, 30 °C R NH,
NH, 0 i
3a-4a /]\ )J\ 3b-4b
3aR=H 5 - 100-fold excess
4a R=Br

Scheme 2. Reactions studied for the investigation of conditions using IPA as
amine donor. Various donor-acceptor ratio and pH values were compared.
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All three variants of 3FCR-QM showed lower activities for both
racemic amines (Table 1). For comparison, pentanal was used
as amine acceptor for all four enzymes because pyruvate was
not a suitable amine acceptor anymore mainly due to the lack of
the ‘flipping arginine’ (details in Fig. S1, S1).“?! These results are
demonstrating that the introduced mutations in 3FCR-QM were
not responsible for a better substrate acceptance of 1a and 2a -
since mutations at position 59 have a great impact on the
reactivity towards bulky substrates in 3FCR — but rather they did
lead to a higher catalytic activity in asymmetric synthesis mode
with IPA as the amine donor. The best two variants 3FCR-QM-
W59L-R420A/W were subjected to the preparative scale
production of amines 1b and 2b in a 80 mg scale applying 0.5 M
IPA (see experimental section). The identity of the products was
confirmed via GC-MS, 'H- and "*C-NMR spectroscopy (see SI).

Next, we investigated the influence of reaction conditions on
the transaminase reactivity with IPA as amine donor. For that we
included our presented variants of 3FCR-QM and additionally
several commonly known wild-type ATA, which in pre-tests
showed significant conversion with IPA. Those wild-type ATA

100 7 s 0.025 M PA
[0 0.05 M IPA
0.1 MIPA
1 0.25M IPA
80 1w 0.5M IPA
9
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Qo
e
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Fig. 1. Asymmetri
(C, D) was investi
Silicibacter pomeroyi

purified enzyme,
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were utilized in engineering and asymmetric synthesis
approaches before.[*621264649-531 £qr instance, Afu-TA (ATA
from Aspergillus fumigatus) and Spo-TA (ATA from Silicibacter
pomeroyi) were recently used for the production of halogenated
chiral amines®™ and Arth-TA (AT Arthrobacter sp.) for the
synthesis of e.g. (R)-3,4-dimethox tamine.?*?" 3FCR
wild-type and 3FCR-QM were excluded e experiments
due to their low reactivity in pre-tests
used aromatic benchmark
donors?®3'3238 (33 and 4a,
values as well as donor-ac

haIIenging due to
the unfavored eq

expected after i i ing.
investigated one

Additionally, we
of acetophenone (4a),
ignificant differences in
ones and IPA using the
ceum (Cvi-TA). The donor-
in a range of 5-fold — 100-fold excess of
optimum of the ATA (Fig. S2, SI).

100 1 s 0.025 M 1PA

[0 0.05 M IPA
0.1 M IPA
[ 0.25MIPA

80 | wmm 0.5M IPA

60 1

40 1
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nd 4b (B, D) using IPA as amine donor. The influence of different donor-acceptor-ratio (A, B) and pH values
rom Aspergillus fumigatus (Afu-TA), Arthrobacter sp.
-TA) and the presented variants of 3FCR (ATA from Ruegeria sp. TM1040) were used. A, B IPA was applied in the following
cceptor: from left to right 5-fold, 10-fold, 25-fold, 50-fold and 100-fold (in a range of 0.025 — 0.5 M). The concentration of the
5 mM. C, D Different pH values were set using Davies buffer®: from left to right pH 7.5, pH 8, pH 8.5, pH 9 and pH 10.
mean values out of duplicates. For single values see Supporting Information. General reaction conditions: 1 mg mL”
e to enzyme ratio, s/e ~ 0.6 w/w) or 4a (s/e ~0.9 w/w), 5% (v/v) DMSO, 0.1 mM PLP, 50 mM HEPES/CHES buffer pH

(Arth-TA), Chromobacterium violaceum (Cvi-TA),

7.5 or 9 (according to each pH optimum, see Supporting Information), 30 °C. Samples were taken after 20 h and analyzed via gas chromatography with

2-iodoacetophenone as internal standard.
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ChemCatChem
—0.05M

120 4 [ 05 M
g L .
2 100 - T
=
k]
@
o
£ 80 -
()
£
3
E 60
Q
14

40 -

S <> @7 ot < o> ot
W (N2 s
O e g T W LGN
N
o N\

Fig. 2. Volumetric activities (U/mL) determined via the initial activity assay
after incubation with IPA over 8 h (two concentrations were used as indicated).
Relative activities were normalized to an IPA free control experiment. Reaction
conditions: 0.05 - 0.1 mg mL” purified protein, 1.25 mM (S)-PEA (1-
phenylethylamine), pyruvate or pentanal in equimolar ratio, 0.5 — 5% (v/v)
DMSO in CHES pH 9 (50 mM). The formation of acetophenone was quantified
at 245 nm at 30 °C. All measurements were performed in triplicate. The
compatibility of this assay under these conditions was ensured by previous
solvent exchange (Fig. S5 and S6, Supporting Information).

In case of acetophenone 3a the gradual increase of the IPA
concentration resulted in an increased conversion of 3a. The
only exception out of all investigated ATA was Cvi-TA showing a
decreased conversion level of 3a at high IPA concentrations.
2’-bromoacetophenone 4a no general statement in terms
excess effect could be made. While the results for Arth-TA
showed an increased activity at higher IPA concentrati
TA and Cvi-TA were apparently less active the mor
applied. But for the rest of the investigated ATA t
significant difference in conversion over the w
applied IPA concentrations indicating a more fav:

over a range of pH 7.5 — 10, whic
common pH range for the most AT

IPA is certainly
teresting in this

is at pH 8 (see S
activity in both rea

nzyme stability in presence of IPA.
variants of 3FCR-QM we chose
0 cover all variations of catalytic
activity from Fig. 1. 3FCR wild-type and 3FCR-QM were
included for comparison. After incubation with [PA (final
concentration of 0.05 and 0.5 M) over 8 h at 30 °C the residual
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activity of the ATA were quantified via the initial activity assay
(acetophenone assay,”” Fig. 2). Interestingly, the majority of the
3FCR variants were apparently affected by IPA incubation and
not any wild-type enzyme. But a considerable detrimental effect
due to IPA incubation was not obvj or any investigated ATA.

Additionally, protein melting points determined in the
presence of IPA (see Table S5, Sl) givi ilar result. This
experiment on ATA stability demo a higher

reason for the better

by 3FCR-QM variants.

and donor-acceptor-
ects should be

tolerance towards IPA w,
conversion in the investigate

Conclusively, the resul
ratio experiments
considered as enz
combination of b
optimal reaction s
reaction using IP. timized relating to the
ave overlapping effects,
pH/solvent stability and
. Through this reaction engineering even
reach moderate to good activities with
Iso in previous works.® Thus, we
demonstrate crease in catalytic activity towards
IPA as amine donor mutating amino acid residues around the
active site ?e 3FCR-QM scaffold, namely positions 59 and

protonation state
wild-type enzymes

. It has be highlighted that the presented 3FCR-QM
jants exMDit a good to excellent performance in all shown
jons, e.g. over a broad range of pH values and donor-
or ratio. The mutation 59L is an important key mutation for
lytic activity towards IPA since the conversion in
Mbe?2a — 4a was already substantially increased. It
should b d however that in terms of better IPA acceptance
the role of oth positions (59 and 420) is definitely substrate
dependent. With the variant 3FCR-QM-W59L-R420W a general
approach for an improved IPA acceptance for the investigated
ns was identified.

xperimental Section

All chemicals and kits were purchased either from Sigma Aldrich
(Darmstadt, Germany), Roth (Karlsruhe, Germany), or Acros/Thermo
Fisher Scientific (Waltham, USA) in analytical grade. The ketones 1a and
2a as well as the corresponding racemic amines (Scheme 1) were kindly
provided by F. Hoffmann-La Roche.

Enzyme expression, cell lysis and protein purification

Information about the plasmids containing genes of ATAs from
Chromobacterium violaceum, Silicibacter pomeroyi, Arthobacter sp.,
Aspergillus fumigatus and Ruegeria sp. TM1040 are given in Table S3
(Supporting Information). The protein expression was done in Terrific
Broth (TB) media with 100 ug mL™" ampicillin or 50 pg mL™" kanamycin at
160 rpm and 20°C. After the optical density at 600 nm (ODggo) reached
0.5 — 0.7, expression was induced by adding 0.2 mM isopropyl B-D-1-
thiogalactopyranoside (final concentration). After 18 h the cultures were
centrifuged (4,000 x g, 15 min, 4 °C) and washed with lysis buffer
(HEPES (50 mM pH 7.5), 0.1 mM PLP, 300 mM NaCl). Cell disruption
was performed via sonication using the Bandelin Sonoplus HD 2070
(8 min, 50% pulsed cycle, 50% power) on ice followed by centrifugation
in order to remove cell debris (12,000 x g, 45 min, 4 °C, Sorvall
centrifuge). The supernatant containing the crude ATA was stored at
4 °C until use. Metal affinity chromatography was used to purify all
enzymes with an Akta purifier and a 5-mL HiTrap Fast Flow column (GE
Healthcare, Freiburg, Germany). Elution was mediated by the lysis buffer
additionally containing 300 mM imidazole. The desalting step was

This article is protected by copyright. All rights reserved.
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performed using three HiTrap desalting columns in line (each 5 mL; GE
Healthcare, Freiburg, Germany) and lysis buffer without NaCl. The
protein concentration was determined via the Pierce BCA Protein Assay
Kit according to the manual.

Point mutations via QuikChange mutagenesis

Variants of 3FCR-QM were produced using a modified version of the
QuikChange PCR method. Primers were designed with the desired
mismatches to provide the desired mutations. For each PCR, Pfu buffer,
0.2 mM dNTPs, 0.2 ng uL™" parental plasmid, 0.2 pM of each primer and
0.2 pL of Pfu Plus! DNA polymerase were applied. A DMSO
concentration of 3% (v/v) was set. The amplification was performed as
follows: (a) 94 °C, 2 min; (b) 25 cycles: 94 °C, 30 s; 55 °C or 60 °C, 30 s;
72 °C, 7:05 min (c) 72 °C, 14 min. The PCR product was digested with
Dpnl (20 L mL™") for 2 h at 37 °C and the restriction enzyme was
inactivated by incubation at 80 °C for 20 min. Chemo-competent Top10
E. coli cells were transformed with the PCR product. After confirmation of
the correct sequence the plasmids were isolated from Top10 and chemo-
competent E.coli BL21 (DE3) cells were transformed for protein
expression as described above.

Determination of transaminase activity

The characterization of the ATA was done via the initial activity assay
(acetophenone assay) according to Schatzle et all’! with slight
modifications. In the reaction solution the concentrations of the amine
donor ((R)-/(S)-1-PEA 3b, rac-1b or rac-2b) and the acceptor pyruvate or
pentanal was set to 1.25 mM or as indicated in 0.5% - 10% (v/v) DMSO.
Briefly, 10 yL of a pre-diluted ATA solution was mixed with the respective
buffer (according to the pH optimum of each ATA, HEPES or CHES
buffer) and the reaction was initiated by the addition of the 4
concentrated stock of reaction solution. The formation o
corresponding ketone was quantified at 245 nm (2a and 3a) or 265 nm
(1a), respectively using the Tecan Infinite M200 Pro (Cigilsheim,

9.65 M'1cm'1, 3a = 12 M'ﬂcm'1). All measurements wer
triplicate. The pH optimum of each ATA was deter
Davies'®® buffer with a pH value as indicated.

Asymmetric synthesis of the chiral amines 1b — 4b

Biotransformations were performed in 0.25 mL scale using 1.5 mL glas
vials at 30 °C and 950 rpm shaking. The reaction mixtures contaj
1mg mL™ purified ATA, 5 mM ketone, 304 DMSO as co-solven
respective concentration of IPA (from a 4
7) in HEPES, CHES (50 mM) or Davies

was quenched by adding 3 M Na
gas chromatography (GC) an
quenching.

re taken immediately after

GC analysis

Samples of 100 yL were withdra
with 300 pL of acetate conta
internal standard
anhydrous MgSO;, a
trifluoroacetamide (MB
solution to, 100 pL of the

or chiral GC analysis and extracted
1 mM 2’-iodoacetophenone as
rganic layers were dried over
cessary) with N-Methyl-bis-
) by adding 7. of the commercial stock
nic layer and incubation at 60 °C for 30 min.
nalyzed immediately using the Hydrodex-
gel). For the analysis of substances 1
and 2'the fo dient program was established: initial
temperature 140 °C, kept for 1 , linear gradient to 180 °C with a
slope of 15 °C min™, kept for 35 min, linear gradient to 220 °C with a
slope of 15 °C min™, kept for 10 min. For 3: initial temperature 120 °C,
kept for 5 min, linear gradient to 220 °C with a slope of 10 °C min™, kept

10.1002/cctc.201800936
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for 5 min. For 4: initial temperature 100 °C, kept for 7.5 min, linear
gradient to 220 °C with a slope of 5 °C min™", kept for 5 min. For retention
times see Supporting Information. The conversion of 1a and 2a was
determined by quantification of amine product formation via calculation of
the response factor. In case of 3a ggd 4a the same principle was
followed regarding substrate consum ach sample included the
mentioned internal standard and was set | e to ATA-free control
experiments.

amine was performed
) W59L_R420A) and
were applied respectively in
O (5% final concentration).
propylamine (0.5 M final
he pH was adjusted with
as started by addition of
rking volume of 0.2 L and a
a s/e ~0.43, 2a s/e ~ 0.42). The
bated for 48 h at 30 °C under agitation. For the
ersion samples were taken, extracted as
d via GCMS. The reaction was stopped
bserved during reaction monitoring (for
1a 53%, for 2a 27%). owing reaction workup was done: After
reaction quenching with 10 mL 3 M NaOH to a pH of >12, an extraction
jth 1x 0.2 L?ix 0.1 L hexane was performed in a separation funnel.

84 mg 2a (using 3FC
an Erlenmeyer flask
CHES buffer (50 m
concentration) were
aqueous HCI.

reaction mixture wa
quantification of the

combinegl®rganic layers were dried over anhydrous MgSO, and
orated under vacuum to a volume of 0.5 mL. The crude reaction
ct was applied to a silica column with ethyl acetate as mobile phase.
ctionation monitoring was done via TLC. Fractions containing the
e amine product were pooled and evaporated under vacuum
consistency of the amine products was a yellow oil.
as confirmed via GCMS and 10-12 mg each were
subjected "H- and ™C-NMR spectroscopy (see Supporting
Information). 1b, 53% conv., 35% isolated yield (not optimized), 55.5%ee.
2b, 27% conv., 33% isolated yield (not optimized), 98%ee.

bility in the presence of IPA

yme stability was investigated by incubation samples of ATA with IPA
, 0.05 and 0.5 M final concentration) for 8 h at 30 °C at 950 rpm
haking. Afterwards a solvent change was performed via PD columns®
(GE Healthcare, Freiburg, Germany) according to the manual. Fractions
of 0.5 mL were taken and the most active one was subjected to further
investigations. The residual enzyme activity was measured via the initial
activity assay. For reaction conditions see figure capture. Additionally,
melting points Ty of each subjected ATA in presence of 0, 0.05 and
0.5 M IPA (final concentration) were determined using the Prometheus
NT.48 device from nanotemper® (see Supporting Information). The
protein concentration was set to 1 mg mL™" in HEPES buffer pH 7.5 (50
mM) including 50 uM of PLP. The heating rate was set to 0.5 °C min™
from 20 — 95 °C. Inflection points (or melting points, respectively) were
determined by the first derivative of the measured fluorescence at a
330/350 nm ratio.
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Improved variants for higher
catalytic activity towards
isopropylamine  (IPA) as
amine donor were created by
protein  engineering and
applied in the asymmetric
synthesis of industrial rele-
vant amines. A systematic
investigation of pH and an
excess of IPA indicates the
necessity of substrate- and
ATA-dependent
optimizations.

10.1002/cctc.201800936

WILEY-VCH
ATA

R O buffer, pH 7.5 - 10, 30 °C R NH, Ayad W.H. Dawood, Martin
NEN R \ NS R S. WeiR, Christian Schulz,
| P | loannis V. Pavlidis, Hans

NH, o 7 Rodrigo O.M.A. de

)J\ e T. Bornscheuer*
S.i ':,’h?'ég’ 4-cl 5 - 250-fold excess Page

I . .
Donor nsaminase-
yzed Reactions:
Be Acceptance through
Reajon and Enzyme
Englieering

49,
&

This article is protected by copyright. All rights reserved.



