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BT RF RR AR B SAT, RBFS SR A R AN KMATHE Escherichia coli A= A A% 4 4 BB B¥ &
Saccharomyces cerevisia ¥ &) B AF LA KA T & 553444 28 TyrB #= Aro8, WARAR T MAr 4% R Beid i3
718 5 T AR BACIEAL A R S Bk L- RS BR 09 RO S A2 A A2 . E 445 R Bs TyrB 4= Aro8 ARAEH b4
KR IR B BIRBOR R R B A B R BOA R IE R R BB R H 2B, T4 HPLC 94T AU, & A8y Z A BRAT
A L-MAE, eefdF T 100%. L-REABRAE T4 ZIAIK, 2 5 TyrB A= Aro8 #F R A6 4| A D-A &K B AF
A BAMAR . R ZF RABR L-A BB A BRI T H ok o- BB REFERILA 41 1. KR FE % o-FF
BR T 45 M 55 A 3 B e BRI VA BRE W5 BR BB 31 o 0 KB AR BB AL 69 4% R EA R E W0 . B EHUAL
I F , TyrB AR Rt AR dE R A A%, L- R H 2R L L- K R 2B Aw L-BS 2 BR 69 pb A = 3% % 55 0.28 g/(g-h). 0.31 g/(g-h)
#2 0.60 g/(g-h), Aro8 MEAL ik B eyt A Fik F 4554 0.61 g/(gh). 0.48 g/(g-h)F= 0.59 g/(gh). AR 4Rt
A 4% R B 1P M 1 4 R ARG B R Bk L- 2Ok B e Tk qb i A B AT 48 & L
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Abstract: Aromatic L-Amino acids are important chiral building blocks for the synthesis of many drugs, pesticides, fine
chemicals and food additives. Due to the high activity and steroselectivity, enzymatic synthesis of chiral building blocks
has become the main research direction in asymmetric synthesis field. Guided by the phylogenetic analysis of transaminases
from different sources, two representative aromatic transaminases TyrB and Aro8 in type I subfamily, from the prokaryote
Escherichia coli and eukaryote Saccharomyces cerevisia, respectively, were applied for the comparative study of
asymmetric transamination reaction process and catalytic efficiency of reversely converting keto acids to the corresponding
aromatic L-amino acid. Both TyrB and Aro8 could efficiently synthesize the natural aromatic amino acids phenylalanine
and tyrosine as well as non-natural amino acid phenylglycine. The chiral HPLC analysis showed the produced amino acids
were L-configuration and the e.e value was 100%. L-alanine was the optimal amino donor, and the transaminase TyrB and
Aro8 could not use D-amino acids as amino donor. The optimal molar ratio of amino donor (L-alanine) and amino acceptor
(aromatic a-keto acids) was 4:1. Both of the substituted group on the aromatic ring and the length of fatty acid carbon chain
part in the molecular structure of aromatic substrate a-keto acid have the significant impact on the enzyme-catalyzed
transamination efficiency. In the experiments of preparative-scale transamination synthesis of L-phenylglycine,
L-phenylalanine and L-tyrosine, the specific production rate catalyzed by TryB were 0.28 g/(g-h), 0.31 g/(g-h) and
0.60 g/(g'h) and the specific production rate catalyzed by Aro8 were 0.61 g/(g-h), 0.48 g/(g-h) and 0.59 g/(g-h). The results
obtained here were useful for applying the transaminases to asymmetric synthesis of L-amino acids by reversing the
reaction balance in industry.

Keywords: asymmetric biocatalysis, transaminase, aromatic amino acids, chirality
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Fig. 1 Biosynthesis of amino acids by asymmetric
transamination catalyzed by aminotransferase.
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BRI ME N PIWE . Taq DNA 5451 T4 DNA
T LR T2 K MBI Fermentas /A ] ; IPTG 11
T A B HARA FRA A A H I R
4-F2 AR TN AR A T LL A ACROS I A F 5 28
N AR T 32 E Sigma-Aldrich 23y 7]; L-AH %
MR A A SRR A W, L-B &R . D-
WM . L-N& R T E 258 B R e st
FRAF]; R PO & . Fobi A7 6w
TRAAEARHE dbat) ARAE ;s PRI |
DNA #EJi [0 & T 18 QIAGEN 2427 5
PURTBERE . NN SO i fie . TEMED I 1
%E AMRESCO Awl; HAM. BERFE . #ik
Rl SEES Pae ¢ (TEL N I
112 KSR

BRI EEEE S, cerevisiae W T [ - A= 4
AR . (CGMCC), E. coli DH5a,
E. coli BL21 (DE3) 5#iA#/k pET-28a, pET-30a
1.2 FH&k
121 HEMEENTERE. RS540k

JER A=Y E. coli DH5a HIELAZEY)
S. cerevisiae 43 HHEF E LB FIZE 2t Hi Rk,
S3BITE 37 ‘CHI 28 ‘CHEFR 14 h, BLOWCERER,
FENZH DNA (4 B O PR 41 $ G0 & 4
M7 e, %) S, cerevisiae FE LAY AEY)
7RSI T R I i 2 W Aro8 YL aro8
TN & TRIFEAE, RIILXIER aro8 Ay v e H 4%
JHI S. cerevisiae K24 DNA NAEHR , TCTFHEHUE

mRNA, J# i 5%5% 5% PCR #H17. 4% NCBI £idf
JErf E. coli 7 tyrB J&[H /341 (GenBank Accession
No. M12047) Fi1 S. cerevisiae ' aro8 F&[H 75
(GenBank Accession No. Y13624) 435li% it Ll
ST, WAk 1.

£ 1 BT tyrB 0 aro8 EF 8 PCR 314
Table 1 PCR primers for amplification of tyrB and
aro8 genes

Primer name Primer sequence (5'—3") Rzlsltzr}i:ﬁ:n
tyrB for ~ ggcatatgtttcaaaaagttgacg Nde I
tyrBrev  ggctcgagcatcaccgcagcaaacge Xho'I
aro8 for  ggccatatgactttacctgaatc Nde I
aro8 rev  ccggatcccattttggaaatacc BamH I

The underlined sequences indicate the restriction enzyme
site.

ZAWILL E. coli #1°S. cerevisiae £:[F4H DNA
AR, 4T PCR 4744, PCR B4R : 94 C
S5min; 94 °C 1 min, 53 °C 1 min, 72 C 1.5 min,
HEFT 30 MIEER; 72 °C 10 min, PCR =)k A
s, 0 Nde 1/Xho T DA Kz Nde T/BamH T 3%
Y], 42 BN 2 R RE R DAL B (%) 238 384K pET-30a
Ml pET-28a, #4 # & 41 i K pET30-tyrB Al
pET28-aro8, #:{kf5 ¥ E. coli BL21 (DE3), Hi%
PCR, [YI5AIE LK P 300 5 3¢ BH 5 b 114 35 (47
G S5 1 B P —E, OF HIE R g R 2 3
IR TERSHE T

A Rk BURL Y 2 R AT RS LB W
PRREFRHE T, IMAZOIRIE R 10 mg/L RIREE R,
37 “C. 200 r/min 5757 % ODsgo 55T 0.8 ZEA T,
IMAFE R IPTG, AR | mmol/L, 5 5|
28 ‘CHEIR A, 200 r/min kLA S FE 6 h, B0
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A PR PBS 28 MR DRI S , AT R 2% o
W (50 mmol/L NaH,PO4, 300 mmol/L NaCl,
10 mmol/L WKME) B IFiAR, TEVKIE AT s
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WO VT, RF ISR AR S 3 5 Ak 3 s 1
His-Trap B 8§ 2 A1, SRJ5 DLk BE A ke 22
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250 mmol/L WKM) HEATHRE, WA I H & FI7E
PBS S BT IR AR S, 73 RAF T80 TR
e
1.2.2  ZE vk BE I g T e, oA

R R S5 ot B, W A A
Malcom /A Fl Y e-spect & . SDS-PAGE #1712
RIS, WG MR EE N 5%, 47 B IEHR
10% . LUK SE 5653 B I FH % Eh 52 i R250 Yefh
IR 0 S L5 A 11 O ) FRaR RN Al Ak AR
1.23 FHERREENE

TR LR, S I IE R 1 mL )R
MR Z B4 A 100 mmol/L B R £k 4% 47 Wik
(pH 8.0), 1 mmol/L a-filfiE (& FEZ{K), 4 mmol/L
L-N&ERR (ZIAHA), 0.1 mmol/L PLP, LLJK—
FE Y HE EE .30 *C .1 000 r/min SR 20 min (&b
TN FI 2 N ) o 7 TR I R 2 R R 1)
A6 A B HE 1.2.5 HET R 9 HPLC dE#EA T E .
it 1% 1) 58 SC ;RS BGTE 3R S0 A5 R T o i
fEAE AL 1 pmol ZEEFRE R 1 ANE S (U),
it 114 B 3% T 8 Sk g 22 o 2 1 B S e A
Az Bl R 1) T JR K
124 HIERENEDANRERS RS FIR
HER

N T R s R, PIRPEE (Aro8
1 TyrB) HEALA KR AL 3 FHR TR o R A A
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SRR E IHRRE . F HPLC 5 fH A 5% B8 1 R
FA LAY 5 R TR .
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124 3.8 min A1 10.2 min; 4355 4-52 5 4 R R B
FOEIEE, A VA B IR LB 98 ¢ 2, A
PR R 4= 2 TN TR R 1) £ B BF () 43 31028 4.2 min
1 7.9 min,

J5 WS RRAE AT TR, i A
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TyrB 65 3317
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Fig. 2 Phylogenetic analysis of aminotransferases from different sources. Groups I-IV are shaded and labeled.
Bootstrap values are given on the relevant branches of the tree. HisPAT from Burkholderia rhizoxinica HKI
454(CBW74631); DAPAT from Simkanina nogevensisz (YP_004671405); TyrB from E. coli (AAA24703); AlaAT from
Haemophilu shaemolyticus HK386 (EIJ73959.1); TyrAT from Bos taurus (DAA20108); AspAT from Methanococcus
jannaschii (D64385); ARO9 from S. cerevisiae (NP_012005); AROS8 from S. cerevisiae (CAA73946); KynAT from Bos
taurus (DAA27093.A); AcornAT from Corynebacterium jeikeium K411 (CAI37006); AGAT from Bos taurus
(DAA17829); PutAT from E. coli BL21 (CAQ33409); OrnAT from Mus musculus (NP _058674); AIBAT from
Actinoplanes sp. SE50/110 (YP_006266630); GaBaAT from Bacillus amyloliquefaciens Y2 (AFJ60460); Beta-AlaAT
from Pseudomonas fluorescens A506 (AFJ59042); Omga-AlaAT from Burkholderia rhizoxinica HKI 454 (CBW76658);
LysAT from Mycobacterium sp. (AFJ37069); PSerAT from Bartonella tribocorum CIP 105476 (CAKO01014); AEPAT
from Vibrio cholerae TEC224 (AFC60092); SerAT from Homo sapiens (CAA39572); D-AlaAT from Staphylococcus
carnosus subsp. carnosus (CAL28261); BcaaAT from Methanocella conradii HZ254 (AFC98904).
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22 HalsrywlE. FJiEfaE

A NCBI B4 ok I8 T E. coli il
S. cerevisiae M54 i TyrB Fl Aro8 HYHEK 751
519 tyrB for 1 tyrB rev DA} aro8 for
Fl aro8 rev, LUgS A SR BAR 4T PCR §7
B, )4 B W R I P UK 8 S R/IN G i 2y
1200 bp 1 1 700 bp (& 3). #E— 18 i & KLY 43
T AW S i ke i FE 4 Fe ik 404k pET28-aro8
Ml pET30-tyrB, %1k E. coli BL21 (DE3) J& k1%
IEFRE A . EHEE PTG B S)n, HAE
FIE R AT TP S 2 sk Ry il sk, B4
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A 6 1~ His-Tag, BEMESHr ST MEMal & 3 A 5
BT EFETRE L, 05 R f & 2R

http://journals.im.ac.cn/cjben

maitkz e, SRlaiERSERNEH. £
109% 1) SDS-PAGE ik s, Aro8 & DT
2K 57 kDa, TyrB B 4T 8218 44 kDa
(K 4),

bp

2000

1000
750
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& 3 aro8 #A tyrB £ & PCR =k E

Fig. 3 Ananlysis of PCR products of aro8 and tyrB
gene. M: DNA marker; 1: aro8 PCR product; 2: tyrB
PCR product.

4 SDS-PAGE £ 4k M &EEE Arog #0 TyrB
Fig. 4 SDS-PAGE analysis of the purified
aminotransferases. M: protein molecular marker; 1:
purified Aro8; 2: purified TyrB.
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HEmR . RKNARAEEERET, DL 4- RN R
R, TS SRR, RINERRIRZ, ARH
5k FH R A A0 A A TG 0 BRI o A AR FY I Y TR e
QRS H AR, KA S. cerevisiae H%% =

x2 HIMTyrB M Aro8 HE SR F ERIERMIEN

Aro8 J&:3K H E. coli B9 TyrB #ALTE J14 5.6 %,
Y5 B o- B R b 5 & R UL LA KR
05 T2 e e 8 3 ) B I 6T Tl A b 1) B R
2 S

Table 2 Aromatic transamination activity of Aro8 and TyrB

Transamination reaction

Enzyme Specific activity (U/mg)
Donor Acceptor
Benzoylformic acid 13.0
Aro8 L-Alanine Phenylpyruvic acid 18.0
4-Hydroxyphenylpyruvic acid 32.0
Benzoylformic acid 2.3
TyrB L-Alanine Phenylpyruvic acid 11.0
4-Hydroxyphenylpyruvic acid 45.0

24 FHREBENENS ERISERIGE S

AR BERE S L H BRI HA R o
PR 1, oM K Az AN X B g2 Ak A U 7 114 2 i
iRt o 5% S AR T ELAH G PLP 52 MRS A
AW, Wi PR i A MR LY i 22 1)
) H AR5 BB LR . A S DIR I BE R
RIS . 4-FR RT3z, D L-
RN R A, 7E5% 2 TyrB A1 Aro8 (1Y
YT I BRI 2R H 2R . R TN TR T 2
fig . @FEZKWEN 1 mmol/L, L-TNEMR N
2 mmol/L, PLP & 0.1 mmol/L, &% J%% & i)
HH 03 mg. &5 12 h WRMNEZYE T
HPLC #ill, A BRAE B SERR A AU M0 L A,
ee [HET 100% (& 5). XRMFEEW Aro8 I
TyrB A0 5% 25 L B 206 () S AR S, 7T

LSRG BOGA- 4l L-2 50
25 FEMKENEE

Aro8 Fll TyrB Y005 & R @ MR A AL
it , e g v i 1 E R MR RN AR .
R . IR . AR 2 WAL SN
{14 T 338 A 3 o 300 2 A 2 s g - A AT 35 ] 5
D5 R IEIR o WIS B o-FRRRE A
QIR L LR RN A IR AN L-TN 2R
L- B RZMNE AR, R T A [ R
XA RER ,  LAZR TN AR A 2 332 1 1]
FBARZ . 1 mmol/L K NEARR, 4 mmol/L L-
W& R L-A5 %K., 0.1 mmol/L PLP, 0.3 mg %%
B Aro8 o TryB, 30 ‘CJzhj 22 h, HPLC 4l
A LN TR -, TR, 4
W3k 3,
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[AY
A 600 000 D-phenylglycine
500 000
400 000
300 000
200 000
100 000

0

L-phenylglycine

17.5 20.0 22.5 25.0 27.5 30.0 32.5 35.0 375
uv t (min)
B 200 000 L-phenylalanine

150 000 D-phenylalanine
100 000
50 000
0

40.0 45.0 50.0 555 605 655 70.0 75.0 80.0
t (min)
uv

C 400 000§ L-tyrosine

300 000 A

| D-tyrosine
200 000 EA

100 000

0

7275 300 325 350 375 400 425 450 475
¢ (min)

B 5 FI% HPLC 44t &8s Aro8 0 TyrB 114 B4 & & R 4 B P4 9 XL R B

Fig. 5 Chiral HPLC analysis of products after transamination reaction catalyzed by Aro8 and TyrB. (A) Bioconversion
benzoylformic acid to L-phenylglycine by Aro8 (purple) and TyrB (blue). (B) Bioconversion phenylpyruvic acid to
L-phenylalanine by Aro8 (purple) and TyrB (blue). (C) Bioconversion 4-hydroxyphenylpyruvic acid to L-tryrosine by
Aro8 (purple) and TyrB (blue). Racemic DL-phenylglycine, DL-phenylalanine and DL-tyrosine in Fig. A, B and C,
respectively, were showed in black.

®3 TRIEBHAEEILRB LR

Table 3 Comparison of the transamination efficiency using L-alanine and L-glutamate as amino donors

Transamination reaction

Enzyme Conversion (%)
Donor Acceptor

L-Alanine Phenylpyruvic acid 71

Aro8
L-Glutamate Phenylpyruvic acid 67
L-Alanine Phenylpyruvic acid 60

TyrB . .
L-Glutamate Phenylpyruvic acid 43

http://journals.im.ac.cn/cjben
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Fig. 6 Effect of the ratio of amino acceptor and donor
on the transamination reaction.
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Fig. 7  Effect of the different concentration of
benzoylformic acid on the conversion rate.
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Fig. 8 Bioconversion of the different substrates using
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