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Abstract: The self-assembly immobilization of Pseudovibrio-w-transaminase (P-w-TA) was explored
using bacteriophage T4 capsid as carrier. Fusion of P-w-TA to the non-essential small outer capsid protein
(Soc) of bacteriophage T4 led to the affinity immobilization of P-w-TA on the T4 capsid with a high copy
number. The adaptability, recovery performance, selective resolution of (S)-type isomers and the catalytic
capacity of (1S,4S)-demethylsertraline were further evaluated. The results showed that the immobilized
P-w-TA retained its full activity and adaptability, with easy recovery through centrifugation for repeated
uses. In a five-round recovery and re-use process, the recovery rate of enzyme activity was greater than
91% for each round. After five times of catalysis, the final enzyme activity retention rate was about 84%.
The immobilized P-o-TA maintained the (S)-type selective resolution at the chiral center of the substrate
and the catalytic capacity of (1S,4S)-demethylsertraline.
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BYr; FREWI 30 mL A B AR, IKIKIMAZ
FE5 229 ul (253 mg). =M 460 uL (335mg), 7
R (TLC) BREE L V(A : V(CIRLTR)=1
3) iy R LAKER, ZHAPFRAER 3 K
(10mLx3), Jo/K NaSO, T, TR, )2
BriVCamEs) « V(R CHE)=1 : 3 )21k, 153 N-(1-
ROIE)CNE . FIE C e aifb g i = 5, JEad
HPLC /i, HERER N 10 pl, K:iimstiE 4 20 min,
Xf Bkt BB N 94%., HPLC il 4514 RFEM
Chiracel AD-H ( 10 mmx250 mmx5 pm ), V(iE 2. %%) :
V(S AEE)=90 : 10, 1 mL/min, KR 30 °C, #
%K 210 nm, (R)-%! R=9.8 min, (S)-# R=12.4 min,
1.10 (4 S)-PUSEERH & iFHEWIE

PL 1.93 pumol/L [# % P-o-TA Fl 1 mmol/L
(1S,45)-4-(3,4- "5 A IE)-1,2,3,4- WU & Z5-1- W R R &
JE AT 30 mL 1y Z R N o 7E 30 °C R I 1 h,
RN G LA LR CERAE B ) o R i 24 )2 AT
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mmx250 mmx5 um), V(IEC%E) @ V(FHAEE)=80 :
20, 1mL/min, 245nm, (4R)-%! R=7.93 min, (4S)-
A R=8.65 min, LI CDClz &AM, 4 'HNMR,
BCNMR. HRMS Rl /=i 4544 . YR Ky 73.5%.
'HNMR (500 MHz, CDCl5), §: 8.09 (dd, J = 7.8, 1.5
Hz, 1H, ArH), 7.44 (td, J = 7.5, 1.6 Hz, 1H, ArH),
7.39~7.32 (m, 2H, ArH), 7.21 (d, J = 2.1 Hz, 1H, ArH),
6.97~6.91 (m, 2H, ArH), 4.26 (dd, J = 8.2, 4.6 Hz, 1H,
—CH), 2.73~2.56 (m, 2H, —CH,), 2.49~ 2.39 (m, 1H,
—CHy), 2.24 (dtt, J = 13.4, 9.3, 4.5Hz, 1H, —CH,);
3CNMR (126 MHz, CDCls), J: 196.96, 144.63,
143.85, 133.59, 132.52, 132.48, 130.69, 130.38,

130.30, 129.05, 127.76, 127.28, 127.12, 44.29, 36.30,
31.43, HRMS (ESI), m/Z: [M+H]* & (& 291.0343;

MiA{E 291.0341, XfWeiAd 18 > 99%,
2 FHR5T
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Fig. 1 Schematic diagram of principle of recoverable
biocatalysis by immobilized P-w-TA: Immobilized
P-w-TA catalyzing deamination reaction (a); Centrifugal
recovery of immobilized enzymes (b); Recycling of
immobilized enzymes (c); Product processing (d)
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6xHis Tag fﬂﬂﬂ@&ﬁ:ﬂ:ﬁﬁ T7_transl_en_RBS A #HALE S
{555 lacO reg A FLBEERI T T E F5 T7 prom 2 T7 J33h T
Marker Sy AHXS 43 F BT Al s A4 Be Bk 5 4 P BRI AL & ok
I 0~400 mmol/L 7& S BRMEAS B2 0~100%, I [FH]

Kl 2 Soc-P-w-TA RlGEERIZRIEFNGE: ik Soc-P-o-TA
Al R AL BURLE A (a); Soc-P-w-TA R
FRMZNT S Zk (b); Soc-P-o-TA £ik
Faifb i) SDS-PAGE BERIGUEE (c)

Fig. 2 Expression and activity of Soc-P-w-TA fusion enzyme:
Recombinant plasmid map expressing Soc-P-w-TA
fusion enzyme (a); UV absorption curve of Soc-P-w-TA
by nickel matrix affinity chromatography (b);
SDS-PAGE gel validation image of Soc-P-w-TA
expression and purification (c)
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Z T LLH Soc filA # P-o-TA 4 N S, S8l C i
SR T P-o-TA BERYZSH, i HAR AT,
AR R HET R AR T Soc-P-w-TA Rl &, A
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NH,  BHRRENZENIR (pH=8), 0
PLP, 30 °C
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3@ 1 'HNMR 1 HPLC 4387 2 i 729 E)‘%v)\T
KA A R (B 3a~b), JfE S T RN PR
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Fig. 3 Analysis results of deamination product acetophenone:
Analysis of '"HNMR spectrum (a); HPLC profile of
deamination product acetophenone retention time (b);
Standard curve of acetophenone concentration and

UV absorption peak area(c); Quantitative curves of
deamination activity of P-w-TA and Soc-P-w-TA (d)
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fi 85 Soc-P-w-TA Fill & B 19 AS 7] 9 5 1) & e

(n(T4 &K5%) : n(Soc-P-w-TA)=1: 1~1: 80 ) T il
B T AR, @A T — AW, 2R
Kl 4, KB 4 8o, T4 BEREKT L2 6 E
Soc-P-w-TA Bl &5 i}y 668.5 454 15, il B H 8N
1.155 pmol/L, W] Soc-P-o-TA fl &l 7E T4 W
PR 7S 1 230 e 8 B A [ A

a SocE & 5 SR AR Y AR LL RS

D o
S
F LoD PSP cf"Q%o“‘2
& \.. NN NN AN \.. &b‘ o
kDa
120
100

70 | ..

50 : ’—’*_\—— —

40

30

25
b 800

0 1I0 2I0 3|0 4IO 5I() 60
i B /(pmol/L)

Kl 4 P-o-TA BYIEE LS G OB S 255 s B 5
SDS-PAGE #EiE IR /R T4 WK 52 25510
AR B GE (a); wbss &ALk mIH
Mk (b)

Fig. 4 Immohilized binding ratio of P-»-TA and determination
of the number of binding sites. SDS-PAGE gel
images showing the binding sites and different
proportions of binding enzymes on bacteriophage T4
capsid (a); Quantized combined nonlinear regression
curve (b)



1158 « 5 48 /& T FINE CHEMICALS 041
MR LS A T A, 45 G0 0 5 ml A B ) i 100 5 T T
AR L 1 40 IR LS B s A 0 i I s A g0 L 2 =
2.5 BElIEWX P-o-TA &R MR L&A 2
[EE AL P-oo-TA SRR S SRR I 5, i oo
o
100 § 40 -
%0 20
°\\°
j,é 60 0 1 2 3 4 5
oy e RO B vk
% 40 S
20 100 +
Q\e 80 -
0 B
20 30 40 50 60 = |
ﬁﬁ/oc E[ 60
7000 42
b W yrEsEy & 40+
6000 - NN [ EALEG
@ 20 F
& 5000
2 0
'ﬁ 4000 - 2
£ 3000 | R BR
R 2000000 f a g 0 __
> d S 3 X R
2000 | £ 1500000 | H?i @ e
1000 L % 1000000 | oh
ﬁ 500000 | ﬁ:;y[ﬂrr__x%%;GSZWMZ :;::;:;/;‘]1:71994909
pH 0 5 ' '5 2‘o
ﬁ%ﬁlﬁl/mm

Bl 5 @ P-co-TA & WP S sl 2t . i B 6 I 1
Mk Ca); pH IERM AL (b)
Fig. 5 Stability and kinetic tests of immobilized P-»-TA:
Temperature adaptability test (a); pH adaptability
test (b)
HIE 5 A, ZBEEM P-o-TA 35 M Sk
A frdEm, HAHR pH AR Ewﬁﬂ‘lﬂmﬂcﬁﬁﬁﬁuz
T8 3 KRR L i 7 RIS 5 TR 4R P-o-TA
2.6 BEIEW P-o-TA BEIKFIEF H
TEHE(S)-a- B W B e AL R QR 5 22
B O H [E E A P-o-TA NI WA 9 h 435
JEE B LT N — R A Wil . B A Tl
M AP R ES T 5 U, 0 U B I 1
7 TIE, 4R WLIE 6.

100
.
80 |
8 . .
LA
& o0
=
52 40
s
20
0 1 1 1 1 L
1 2 3 4 5
SR

10.283

.ﬁ — P-0-TA

Area [mV's]=4147562
S Area%=6.95

> 2000000
§ 1500000 Ojit
£ 1000000

Are V-s]=56421845
> 500000 | Araesals
= i\

0 5 10 15 20

PR B i} 6] /min
. 2000000 | o B o T EEE
£ 1500000 | o ot
1000000 | g
T 500000} Arereorte § Area [mV's}-2640752
@ O L‘ I ] ca. ol— o
0 5 10 15 20
R B o [E /min

Area fREEVEBLVET AL, RIS S5O ERIGF A (H, Area%ft
FR]— R VEBE 2 AT X B 1 35 5 6 T B o 5 M 0 1 AR
SONER

K16 [EE P-o-TA RAE: 2K LR 7 Wy S 1] o] ik
(a); KL Yy R EsR L (b); (4S)-

VU S 2R A 7 ) T TS e ); BE AL P-o-TA
HY(S)- Y BEFEPESUE (d)

Fig. 6 Immobilization P-w-TA characterizations: Enzymetic
recovery test for acetophenone as product (a);
Acetophenone as product enzyme activity retention
rate test (b); Enzymatic recovery test for
(4S)-tetralone as product (c); Validation of (S)-type
selectivity for immobilized P-o-TA (d)

I 6 RIAL, AEAEAL R A, B U [



4 5 4] ]

s A B AT AR BB -co- 2 B A AL 5 1 (4S)- DU U ZR B

+ 1159 -

R H>91%, 4 5 WAEILIE , fe 2 IR >65%
(&l 6a)o 1155 A VR B0 TR T4 I B 4 A 58 46 2
TR R B R 5% (LA RE UK Il i Y K 5 E
SDS-PAGE L/ #rill A ), 28 5 kMMl , & MiG
TE R4 N 84% (1K 6b). H. LA (4S)-IU S Z5HR Ky
H bR 7= 04 Tl 3 el rp, 4 3 kIR N R, il
T [ R 258 85% (& 6¢ ), X FMiEid P-o-TA
F) 1 2 A 8 D) i ST T e ) TR A RN R AP R

N7 A B0 RS A B 7 X R T B0 AR
T4 Wi A A A 5E I 468 26 X i 3 T Sc s Al 17— 5 1Y)
SEmA, ANREXT T4 W AR SE 0 Oy Ak,
s T4 BERIRAK TS 6 5 Rk A Oy AR S
A, AT GEE— 2D B Tl 4 2k
2.7 BEEK P-o-TA BI(S)-BIEF 4 IET

T BAE R E AL P-oo-TA 19(S)- Bl e £k, fdi 1]
G TE o- F 3R A by e LR o 322 63 1 (S) - TR e R 1
234 (S)-o- I B RS AL R ST, i (R)-a- Y 2R
FEWARZ NN o A T BN 0 2 P e A T 4 2
BE X (S)- TR e, W Ak B I i 7 4 110 gl 3 2, Ik SR Ak
PRAE N N-(1-2R O ER) SR , JFH M HPLC 23 #T )
NP o OB AT

invle
NH, 0 .
[ :] N + )J\Cl CHZC:;,OC:Z‘B% ©/K

(R)-N-(1- 4 & K& ) & Ik e #1 (S)-N-(1- A £ KR ) &
P 3z P B ESF 1] 2 5910 240 2 2.0 A1 12 i, 18 5 [ 5 1k
P-wo-TA [ M HEALAE AT, (S)-N-(1-2K 2 38) Z Wk e 1
HPLC U {EL i 2 AR, (R)-N-(1-7K £ 3) Z B 1) %
BRiL (B R 94%, RIPRFE T (S)- 7% S0l i) ar Ak
VEREME . Zor R REE SR E R P-o-TA —3L
( & 6d ),
2.8 EEN P-o-TA N F & 4S)- MU SZEEEE /1 IiE

HNMR, ®CNMR. HRMS J i 7= 4 20 Bk 52
T (4S)-DUSZEE 09 7= A o 38 e OB AR 7 4 f
Xof WA it B {6 >99%, IESE T [# E Ak P-o-TA XF(49)-
DU S 2SR 1 BLRE T DR R

3 %Fie

ABFFEUEIA T T4 WG RA 7S AT AR R R4
it [ 2 AL B A . VR e ok B0k, T4 WA AR5
LA 2950 Bk AR G T 1) 2 T il [ o A 7 0 o R
KSERT ) 870 Soc Z5A i A I T B i) v 2% 2 [
FE, T Hoc 45 A0 s MR T840 1 R 1M, it
23 o S A S B0 ) [ 52 b, o R TR EL )y fi

AR TALE R . T T4 R R A 72 [ 2 Ak it
P-o-TA J&— P e FH ZEHUINAR 24 & il ARk A B 2
BEEMEE . #iDK P-o-TA 2 Soc 1Yk
G, 1 P-o-TA I i [ 24125 5 2 b 7E T4 kg
RS B, H¥E DB R . BEr) P-o-TA 14
FE T SERE 0 PR BE N, I T [T R R A
FHBIEE ST, FEEALI P-o-TA BA (S)-HI k. I
FH T4 W PR A 2 [ %€ AL 1) P-co-TA 1T LAREALXT (4S)-
DU S ZE W AT R A AL AR, AT BT
ST IR A 5 AR A RS LR AR AR LA T4 W
PRA FEAE N il [ 2 fL 3R Ak, 76 A L2 W 16 1 43 T
T A7 I A A AR B AL T R A

&% 3k

[1]] STRINGARIS A. What is depression?J]. Journad of Child
Psychology and Psychiatry, 2017, 58(12): 1287-1289.

[2] PEARCE M, GARCIA L, ABBAS A, et al. Association between
physica activity and risk of depression: A systematic review and
meta-analysis[J]. JAMA Psychiatry, 2022, 79(6): 550-559.

[3] HONG F Z, QIU J Q, ZHANG S S, et al. Fetal congenital cardiac
and vascular disorders associated with sertraline treatment during
pregnancy: Analysis of FAERS data[J). BioMed Research Internationd,
2022, 2022: 9914931.

[4] LEESH,KIMI S, LI QR, et al. Stereoselective amination of chira
benzylic ethers using chlorosulfonyl isocyanate: Total synthesis of
(+)-sertraling[J]. The Journal of Organic Chemistry, 2011, 76:
10011- 10019.

[5] SUN WY, JN Y, WANG C, et al. Stereoselective separation of

isomeric sertraline with analytica countercurrent
chromatography[J]. Journal of Chromatography A, 2020, 1617:
460834.

[6] QUALLICH G J. Development of the commercia process for
Zoloft®/sertraling]J]. Chirality, 2005, 17: S120-S126.

[71 FUSTER S, LAZARO R, HERRERA L, et al. Asymmetric
alylation/ring closing metathesis. One-pot synthesis of benzo-fused
cyclic homoalylic amines. Application to the forma synthesis of
sertraline derivatives]J]. Organic Letters, 2013, 15: 3770-3773.

[8] GAVIN D P, REEN F J, ROCHA-MARTIN J, et al. Genome
mining and characterization of a novel transaminase with remote
stereosel ectivity[J]. Scientific Reports, 2019, 9: 1-15.

[9] CLOUTHIER C M, PELLETIER J N. Expanding the organic
toolbox: A guide to integrating biocatalysis in synthesis[J].
Chemical Society Reviews, 2012, 41(4): 1585-1605.

[10] MALLIN H, HOHNE M, BORNSCHEUER U. Immobilization of
(R)- and (S)-amine transaminases on chitosan support and their
application for amine synthesis using isopropylamine as donor[J].
Journal of Biotechnology, 2014, 191: 32-37.

[11] YAP M L, ROSSMANN M G Structure and function of
bacteriophage T4[J]. Future Microbiology, 2014, 9(12): 1319-1327.

[12] BLACK L W, RAOV B. Structure, assembly, and DNA packaging of
the bacteriophage T4 head[J]. Advances in Virus Research, 2012,
82: 119-153.

[13] GAMKRELIDZE M, DABROWSKA K. T4 bacteriophage as a
phage display platform[J]. Archives of Microbiology, 2014, 196(7):
473-479.

[14] JANG J, ABU-SHILBAYEH L, RAO V B. Display of a PorA



+ 1160 -

A% @m & T FINE CHEMICALS

541

peptide from Neisseria meningitidis on the bacteriophage T4 capsid
surface]J]. Infection and Immunity, 1997, 65 (11): 4770-4777.

[15] WU JM, TU CC, YU X L, et al. Bacteriophage T4 nanoparticle
capsid surface SOC and HOC bipartite display with enhanced
classicd swine fever virus immunogenicity: A powerful
immunologica approach[J]. Journal of Virological Methods, 2007,
139 (1): 50-60.

[16] REN Z J, TIAN C J, ZHU Q S, et al. Oraly delivered foot-
and-mouth disease virus capsid protomer vaccine displayed on T4
bacteriophage surface: 100% protection from potency challenge in
mice[J]. Vaccine, 2008, 26 (11): 1471-1481.

[17] TAO P, LI Q, SIVACHANDRA S B, et al. Bacteriophage T4 as a
nanoparticle platform to display and deliver pathogen antigens:

Construction of an effective anthrax vaccine[J]. Recombinant Virus
Vaccines. Methods and Protocols, 2017, 1581: 255-267.

[18] TAO P MAHALINGAM M, ZHU J G et al. A bacteriophage T4
nanoparticle-based dual vaccine against anthrax and plague[J].
American Academy of Microbiology, 2018, 9: €01926.

[19] CHEN Z G, SUN L, ZHANG Z H, et al. Cryo-EM structure of the
bacteriophage T4 isometric head at 3.3 A resolution and its
relevance to the assembly of icosahedra viruses[J]. Proceedings of
the National Academy of Sciences, 2017, 114: E8184-E8193.

[20] TAO P, MAHALINGAM M, KIRTLEY M L, et al. Mutated and
bacteriophage T4 nanoparticle arrayed F1-V immunogens from
Yersinia pestis as next generation plague vaccines[J]. PLoS Pathog,
2013, 9: €1003495.

(L34 1091 7 )

[35] ZHOU X W, WU G M, WU J D, et al. Carbon black anchored
vanadium oxide nanobelts and their post-sintering counterpart (V,Os
nanobelts) as high performance cathode materials for lithium ion
batteries[J). Physical Chemistry Chemica Physics, 2014, 16(9):
3973-3982.

[36] KARADE S S, LALWANI S, EUM J H, et al. Coin cell fabricated
symmetric supercapacitor device of two-steps synthesized V,Os
nanorodsJ]. Journal of Electroanaytical Chemistry, 2020, 864:
114080.

[37] CHENG S Q, WENG X F, WANG Q N, et al. Defect-rich BN-
supported Cu with superior dispersion for ethanol conversion to
adehyde and hydrogen[J]. Chinese Journd of Cataysis, 2022, 43(4):
1092-1100.

[38] LIY M (Z=HiHg), HAO G D (#fE#), CUI P (#£°F) et al. Research
progress of electrode materia for supercapacitor[J]. Chemical Industry
and Engineering (fk.2% Tl 5 T.#2), 2020, 37(1): 17-33.

[39] LI M, Al T T, KOU L J, et al. Synthesis and electrochemical
performance of V,0s nanosheets for supercapacitor[J]. Aip Advances,
2022, 12(5): 055203.

[40] SONG W M (RAEM), XU LY (#&¥E), SUN L (Fhr), et al.
Synthesis of MCM-41 mesoporous carbon materials and their
electrochemical performanceJ]. Fine Chemicals (54H{L T.), 2017,
34(2): 128-133.

[41] ZHANG Y L (3KiFF]), SUN D T (#Mi52), GUO G L (ZBE%R),

etal. Transfer rule of equivalent circuits of similar plots on the
impedance complex plane and on the capacitance complex plane for
an AC impedance measurement (11 )[J]. Chemical Journa of Chinese
Universities (i 552 fb272#41), 2000(7): 1086-1092.

[42) LIUHL,YUTT, SUD Q, et al. Ultrathin Ni-Al layered double
hydroxide nanosheets with enhanced supercapacitor performance[J].
Ceramics International, 2017, 43(16): 14395-14400.

[43] PENGCY,JN M M, HAN D, et al. Structural engineering of V,0s
nanobelts for flexible supercapacitorsJ]. Materials Letters, 2022,
320: 132391.

[44] JAIN A, MANIPPADY S R, TANG R, et al. Vanadium oxide
nanorods as an electrode material for solid state supercapacitor[J].
Scientific Reports, 2022, 12(1): 21024.

[45] HOUZ Q, YANG Z G GAOY B etal. Synthesis of vanadium oxides
nanosheets as anode material for asymmetric supercapacitor[J].
Chemical Papers, 2018, 72(11): 2849-2857.

[46] KARACA E, PEKMEZ K, PEKMEZ N O. Electrosynthesis of
polypyrrole-vanadium oxide composites on graphite electrode in
acetonitrile in the presence of carboxymethyl cellulose for
electrochemical supercapacitors[J]. Electrochimica Acta, 2018, 273:
379-391.

[47] LIU HJ, ZHU W L, LONG D F, et al. Porous V,0s nanorods/
reduced graphene oxide composites for high performance symmetric
supercapacitors[J]. Applied Surface Science, 2019, 478: 383-392.



