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Deletion of a dynamic surface loop improves thermostability
of (R)-selective amine transaminase from Aspergillus terreus

Dongfang Xie!, Changjiang Lv*, Hui Fang®, Weikang Yang®, Sheng Hu? Weirui Zhao?,
Jun Huang?, and Lehe Mej?

1 Department of Biological and Chemical Engineering, Zhejiang University of Science and Technology, Hangzhou 310023, Zhejiang, China
2 Department of Biological and Chemical Engineering, Ningbo Institute of Technology, Zhejiang University, Ningbo 315100, Zhejiang,
China

Abstract:  Chiral amines are important building blocks for the synthesis of pharmaceutical products and fine chemicals.
Highly stereoselective synthesis of chiral amines compounds through asymmetric amination has attracted more and more
attention. -transaminases (o-TAs) are a promising class of natural biocatalysts which provide an efficient and
environment-friendly access to production of chiral amines with stringent enantioselectivity and excellent catalytic
efficiency. Compared with (S)-o-TA, the research focused on (R)-o-TA was relatively less. However, increasing demand
for chiral (R)-amines as pharmaceutical intermediates has rendered industrial applications of (R)-o-TA more attractive.
Improving the thermostability of (R)-o-TA with potential biotechnological application will facilitate the preparation of
chiral amines. In this study, the dynamic surface loop with higher B-factor from Aspergillus terreus (R)-o-TA was
predicted by two computer softwares (PyMOL and YASARA). Then mutant enzymes were obtained by deleting amino acid
residues of a dynamic surface loop using site-directed mutagenesis. The results showed that the best two mutants R131del
and P132-E133del improved thermostability by 2.6 °C and 0.9 °C in T5™° (41.1 'C and 39.4 C, respectively), and 2.2-fold
and 1.5-fold in half-life (t;,) at 40 'C (15.0 min and 10.0 min, respectively), compared to that of wild type. Furtherly, the
thermostability mechanism of the mutant enzymes was investigated by molecular dynamics (MD) simulation and
intermolecular interaction analysis. R131del in the loop region has lower root mean square fluctuation (RMSF) than the
wild type at 400 K for 10 ns, and mutant enzyme P132-E133del increases four hydrogen bonds in the loop region. In this
study, we obtain two stability-increased mutants of (R)-w-TA from A. terreus by deleting its dynamic surface loop and also
provide methodological guidance for the use of rational design to enhance the thermal stability of other enzymes.

Keywords: chiral amines, w-transaminases, B-factor, loop region, root mean square fluctuation, thermostability
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1.1.2 HEHRSER

(R)-o0-TA %3515 £ 14 E. coli BL21(DE3) M
H UKL pET-28a-0-0pt-TA NASLEG 2 ) H I
PRI
1.1.3 ¥EFEHE

LB #5573 : 10 g/L BRE MK, 5 o/L BELEH
10 g/L S fL8H, pH 7.0,

1.2 RELEXERWE

BRI (R)-o-TA WEKEF4] (GenBank
Accesion No. XM_001209325) %11 6 X i i 58
AEG1Y), W 1 PR, Ll pET-28a-w-opt-TA Ji
KB, AR AZER 1 PRSI, TR
HARRASAFORLEE R ;1] Dpn 1 %F PCR S )i
P IALAL R (87 C, 2 h), DITHBRACA
Bt s SR AR O SR - i A E. coli
DH 5o &2 AU, S8 AR (AL DR 2858 FH AE W)
RY (L) AR A B s s — A Ak

x1 ERRLIIVYRERFT

Table 1 Primers used for site-directed mutagenesis
Primer name Primer sequence (5'-3")
R131del-F GTGCGAGGAACTCCGGAAGATATAGTG
R131del-R TATATCTTCCGGAGTTCCTCGCACCCC

P132del-F  CGAGGAACTCGTGAAGATATAGTGAAC
P132del-R  CTATATCTTCACGAGTTCCTCGCAC
E133del-F  GAACTCGTCCGGATATAGTGAACAAC
E133del-R TTCACTATATCCGGACGAGTTCCTC
R131- GTGCGAGGAACTGAAGATATAGTGAAC
P132del-F

R131- CACTATATCTTCAGTTCCTCGCACCCC
P132del-R

P132- CGAGGAACTCGTGATATAGTGAAC
E133del-F

P132- TCACTATATCACGAGTTCCTCGC
E133del-R

R131-P132- GTGCGAGGAACTGATATAGTGAACAA
E133del-F CC

R131-P132- TGTTCACTATATCAGTTCCTCGCACCCC
E133del-R

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

% E. coli BL21(DE3) &z AS4ulrh, #RECH bR
EREREL

1.3 FFABMRTEARIEFA L

P A Y S R ARR BB YR HE A 2 5 mL
7 50 ng/mL RABEE R Y LB 3Rt , 37 C
200 r/min S50 N IR . BEJS , KRR LA 1%
F RN (VIV) 5852 200 mL & 50 ug/mL K38
RN LB Rk, 37 'C. 180 r/min 3R %
ODegoo {4 0.4-0.6 A HILAZLHE 4 0.5 mmol/L )
IPTG, 3F 25 ‘C. 150 r/min &40 PSR
18 h Ji5 WA A AR 2

W W3R B B IR AN i 2 B IR h 9% vh T
(50 mmol/L, pH 8.0) B.Lkd 2 Wi EET
20 mL AL ZE mif b (50 mmol/L B R — S04
300 mmol/L & fk4k, 20 mmol/L Bk, pH 8.0),
P A PR R AN (RS AR h 300 W,
TAE 3s, [HE 65, A 15 min), &> 30 min
(12 000 r/min, 4 °C), W4E Bigw, RIS 8&H
(R)-o-TA HPHLIEE . HIEEWZ 0.45 pm JEfE T
U85 R Ni-NTA SRR Z AR B AR s 4L 8 1T,
9% ] SDS-PAGE  Ha, 1k F1 2% Lh 3% v
T SiA IS A SOk B

1.4 FFAEGFNE TEGAY I E 1N E

g3 B B gl Ak Je B A i A 58 R il 7R
25-55 C/KIAHIFE 10 min, 5 4505 s
WCEAEVK A 10 min, EY BT R Eh 2%
Mk (50 mmol/L, pH 8.0) Fitfl, 200 uL 15
R R P4 $E 180 pL HIRPIE I (0.25% DMSO
2.5 mmol/L (R)-(+)-a-H HFHE ((R)-a-MBA) .,
2.5 mmol/L FNERER A ) 0.1 mmol/L PLP), 20 uL
4l (29 0.3 mg/mL), % MD190 FliAR {46
DA TE 245 nm L0 AH LY RS 07, D s 2L
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RS BEOCHR[33] o LA At Ao, DAL RS 55
AR 10 LA A BRAEIEL, SRAT Origin
8.0 #1417 Boltzmann S B pRilA, HAEFE
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2-50 min, & 45 5 O CE R VK R
10 min, SR bR 52 BTG ). LAEHE R
BEAR AR, DAFAAL P S 55 A0 BT LIS O B LUAE
YABFRMER, 1853 Origin 8.0 #AA- LA A7
P y=exp (<ke't), —BrEAHE (ka) ZARLME
B EE, TG SRR 50%0 Xt i
1921 3 9 (t2)

1.5 B4 REFNR TR &IE K R E N E

£ 180 pL FEFAIRPIE R A 20 pL ZEfEH
(%9 0.3 mg/mL), FEHEHEFAMRE (25-60 C)
HTE R A d, 400 r/min 454 F K% 3 min.
i S, B 5 A EIRIR G 0 B I A
100 °C (7K 5 o 23 10 min; vK_E & 10 min
Jei I A ARG 98 4 245 nm 4b 19 OD ..
1.6 BHEMMRTEAHNZSHNE

KA 50 mmol/L H R 2% thil (pH 8.0) At
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P R VA 53 11 MID 290 bR S 22 7E A [R1 iS4
WA N IIBG J7, DUV B[S S i %
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L7 mmol/L) TR Kear FUEALRICE Keal Ko

1.7 BEMMRTEE S T3 hFEEU

1E Protein Data Bank (PDB %{#l5)%) i &
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By HER N 1.6 A 945K (PDB ID: 4CE5) Pk
J#sit, SR Swiss Model ##iJ71: (http://
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swissmodel.expasy.org) 4 2 2 A5 1K 1y = 4 45
¥, R YASARA #{FH1(% Amberld 7337,
Xof B A AN 8 AR B AE 313 K Al 400 KRR iE
11T B 10 ns 198 Ty Al . BBl AR R
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AELERIAE R 53 F S 1R R 45, &
S PR JE A AR A R T 10 Ax10 Ax10 A1
SEOTRE T, IRLL 0.98 g/l USRI 7R K 4y
T, IFMR R FRINAE NP R (Na'/CI),
R RGeS i . SR AR T AH BRI Y A
TRE T =k 7.86 A, R Particle Mesh Ewald
AT AR

2 HER5AW

21 (R)-o-#EH5H Loop X8 7l & 2 #f

B-factor J Wt T 2 JL W2 ok Sk 76 48 > B 11 o
TR AL, B-factor BB, AN AL R
ZRMEMBAR . APFRFH PyMOL # {4 Fi
YASARA X A4F T Loop X,/ B-factor, 4%
B 1 iR, BT N-YmAll C-Uigll4h, Loop
DX 3 T ) S ik R ARk HL A B s 1) B-factor, H:
1 Arg131. Pro132 1 Glu133 &bT Loop X i
EEEESy, & B-factor e KM, 5(R)-0-TA
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FIKG R (Argl3l). 132 fi s Al &R (Prol32)
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AR R SRR, IF53 44 R131del |
P132del 1 E133del. It4h, [RIEHIMBRAHSR 2 4
GSERRFR I B BRIX 3 AN SRR S 2
RAMRM P — DA IR I, Sl a4
R131-P132del .P132-E133del 11 R131-P132-E133del .
2 Ni-NTA SEMIZMralifb 5 5 4 il 1 28 A5 i
[} SDS-PAGE fallZ5 R anEl 2 i, Zifbfs iy
S 1 T A 5 722 Tl ) L DK R T A LB — ,

Loop regiol
Argl3l
Prol132
Glul33

Bl R-o-¥aEEEH=4%H
Fig. 1  Simulated three-dimensional structure of
(R)-o-TA. The most flexible region according to
B-factors from x-ray crystal structure is used as the
target for of residue deletion. The active center (Lys 180)
is shown as green spheres.

kDa M 1 2 3 4 5 6 7
175

70

40
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20

15

E 2 EFFLEFREER SDS-PAGE 44

Fig. 2 SDS-PAGE analysis of wide type enzyme and
mutant enzymes. M: protein marker; lane 1: wide type
enzyme; lane 2: mutant enzyme R131del; lane 3: mutant
enzyme P132del; lane 4: mutant enzyme E133del; lane 5:
mutant enzyme R131-P132 del; lane 6: mutant enzyme
P132-E133del; lane7: mutant enzyme R131-P132-E133del.
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mE 3 s, hE 3 AlAl, Z7E[E R131del
(41.1 C) MIZEASHE P132-E133del (39.4 C) ¥
Tso!® KPR (38.5 C) 4875 T 2.6 CH
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1T S U 1\
g 40re R131del 5N
2 L A P132-E133del RN
Q
~ 2 A 4 P132del \ \
0 <« E133del v
[ » R131-P132del AR
0re R1|31-Pl32-]El33del .
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Temperature (C)
B
100 m WT
I ® R131del
A P132-E133del
s 80r v P132del
g 3 <« E133del
? 60 F » R131-P132del
5 & R131-P132-E133del
3 W\ N N @RI
T 40+
k=)
Z I
& a0t
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0 il L by =t 1 ' 1 " 1 " 1
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Time (min)

B3 HFABMRTEMRIEENE

Fig. 3 Thermostability analysis of wide type enzyme
and mutant enzymes. (A) Thermal inactivation of wild
type enzyme and mutant enzymes at different
temperatures over 10 min (Ts™); (B) Thermal
inactivation half-life (ty,) of wild type enzyme and
mutant enzymes at 40 °C. The error bars show standard
deviation calculated for three replicate experiments.
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0.9 C, 7£ 40 CFHI ty2 43510 15.0 min Al
10.0 min, Jy¥FA:f (6.9 min) Y 2.2 {51 1.5 355

M 2<75 i P132del (31.1 °C). 2275 E133del
(32.1 C). 275 R131-P132del (34.9 'C) F%E

50 R131-P132del-E133del (36.6 C) 1 Tso™
W A RS T 7.4 °C. 6.4 C. 3.6 CH
1.9 C, 1 40 CT MY ty, UL B AE R T
5.7. 4.8, 1.7 1 0.8 min. HILEY, RAH
R131del %58 A= iff i B E TR A TR A4 & 5
S/ it P132-E133del H5 AR MY FAS e MR AT 12
Tt SRMIRASHEE P132del . E133del , R131-P132del
Ml R131-P132-E133del Ay # AR & P LB AL B A
FREAR . BRI PR E T 23 53R - ARG
R131del>Z% 745 fiff P132-E133del>HF A fifi > 5 75 fif}
R131-P132del-E133del> % 7F fiff R131-P132del>
25T E133del>Z% A5 P132del, LT LA 45
R VR H A5 i R131del 52 28 il P132-E133del

AT 5 S SR SE
2.4 E%'_{@ﬁ*ﬂ @ETL/ME/WJE

TR 1.5 Frik iy 7 ke T B A Tl R
AR eI S EIRLIEE , R AN 4 B o i E] 4l

PPA T . 28R R131del FIZE AR P132-E133del
W i e IR EE A 45 °C . & Y AR ot

45 CHf, 2878 R131del A% A8} P132-E133del
(AR G 07 S 2 e TP A Bl OF HAE 60 C R I
AT 6 TR F e 50% L) b, i B AR R AR
60 CHYAHXTTE S1A 30%.;

*2 HHEBMRTHEFSHILER

[—o0—WT
—e—R131del
A P132-E133de

80
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20+

1 1
40 50
Temperature ('C)

30 60

B4 BHAEMBAXRTHMNHEEE

Fig. 4 The optimum catalytic temperature analysis of
wide type enzyme and mutant enzymes. The error bars
show standard deviation calculated for three replicate
experiments.

25 HEMNRTHHNNFESH

5L (R)-a-MBA FIA R R 4, 44 iR
1.6 ik iy 7 vk e By A= g . 28 AF i R131del Al
2875 i P132-E133del WK ECBh 124 %, R
Hyperbola sREGHA TR G158 8 T2 28K,
GERULFR 2, fRER 2 AT, BERAE G TR R i
RE (ke K™ ™) K 2.22 Li(mmol-s), % 25 i
R131del F1 P132-E133del 1) Kea/ K™ 3 51) Jy HF
ARG 1.05 f5A1 0.91 %5 BFEREXS (R)-a-MBA
MR (KeadKm™™) 7 2.82 LI(mmol-s), %
5 R131del F1 P132-E133del 4 kel K MBA 43
) R B A= Y 0.97 A1 1.39 f%. HILEEM,
fiti R131del F1 P132-E133del #ufa 5 PE15 345 &
] i N 7 ST 3 4 O R o

Table 2 Kinetic analysis of wide type and mutant enzyme

Name kcatpyruvate Kmpyruvate kcat/KmpyrUVate kcata-MBA Kmu-MBA kcat/Kma-MBA

(s (mmol/L) (L/(mmol-s)) (s (mmol/L) (L/(mmol-s))
WT 0.50+0.01 0.23+0.02 2.22 0.64+0.01 0.23+0.03 2.82
R131del 0.81+0.05 0.35+0.08 2.32 0.81+0.01 0.30+0.03 2.74
P132-E133del 0.49+0.01 0.24+0.01 2.03 0.44+0.01 0.11£0.01 3.92
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Wi, X FHIRAEE R131del 766 F HA HiaE
LR, DT B AR E Pk e TP A . H

T PR R G2 B A RN 28 AR T 313 K
1400 KR T 52047 TEHS R 10 ns (1930 77

€l 5D R] A1, 7 400 K & T 58 22 il P132-E133del
1E Loop XY RMSF {H 5 B A= il 25 AN i 3
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F——RI31del 7T ——RI31del
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B 5 EFHEEEIMRTAREER MD &R

Fig. 5 Molecular dynamics (MD) simulation analysis of wild-type and mutant enzymes for 10 ns at 313 K and 400 K
using YASARA. (A) RMSF values for mutant enzyme R131del at 313 K during a 10 ns simulation. (B) RMSF values
for mutant enzyme R131del at 400 K during a 10 ns simulation. (C) RMSF values for mutant enzyme P132-E133del
at 313 K during a 10 ns simulation. (D) RMSF values for mutant enzyme P132-E133del at 400 K during a 10 ns
simulation.
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Fig. 6 Modeling analysis of intermolecular interactions
in loop region of mutant enzymes R13del and
P132-E133del. (A) In the mutant enzyme R131del, lle
134 was involved in hydrophobic interaction with the
neighbouring hydrophobic amino acid Pro131. (B) In
the mutant enzyme P132-E133del, Asnl135 was
involved in four hydrogen bonds interaction with the
neighbouring amino acids Arg90 and Arg122.
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