R TR O RCE 48 B )
Journal of East China University of Science and Technology 765

Vol. 51 No. 6
2025-12

XEHS: 1006-3080(2025)06-0765-09 DOI: 10.14135/j.cnki.1006-3080.20250308003

EMIRITIRES Rim SR EREBEEXTE P
AR ERIE

F A, EFHE, RiTH
(AR IRKFAYIEFR, AVWE R IRABRETEEHT, LiF200237)

8 E K o BL A M 3 BR 35 4% B (Terminal deoxynucleotidyl Transferase, TdT) & —#F3E B
IR DNA R 6B, TTIHE/LDNA MM LER, BAETEGE AN, ARG EHATITEX
AR PO TEERENRE, RAEEZT RS, LOY%F 8 (Zonotrichia albicollis, Za) &
Rty Bk TAT(ZaTdT) AFF Rt %, 4s- & @ Nsp &KX 131~149 19 SRR R A Br, @A
BRME . B, PHARE 4 EFRBEALAR, MAEFEETTRFREKR, 5HARTA
BB ZaTdT-BAa, PrRAFa) 8 AR ERG TIEM AR R FH RS, L b, ABER AR
M R BR (Arg) Fo i R B (Lys ) 2 51 B 3 5 K MR KR 69 % T4k TdT-RK #= TdT-KR 2 R x4, &
EFHFEEMICRGHE2C, BEFRT YR, EEMTHFALN, TAT-KR & THEHR
EOSERS, 23283 7mg/L, REAMRZT 1.646. ESLABEY, ATHEMLEFFFEH
HATIIE, TAT-KR TR EE Z2X3)2.7¢/L, AFAR 62345, ABAMLEF4h,

ATITH Sz A FHE T AR,

KRR R LA TR AEBEE, BRI, BAKBRERLR, TEMERZE, KBHFH

HFE 4 S:Q559

& i it S8 A% B2 % 7 B ( Terminal deoxynucleo-
tidyl Transferase, TdT) J& T DNA & i X %%, &
PR A R B R B R R R, OS2 S
V(D)J E AR, TAT W25 4 32 B A e A
(Nuclear Localization Signal, NLS) . BRCT &% #4 1},
(BRCA1 C-Terminal domain) A4k 45 4 188, 3 357520
i, Horr, NLS Al BRCT 25 04 35 75 JE 452 4 45 i 11
DNA S S i AN K AFAE TS, AR Ry — Rl R g
M AR A DNA R4 1, TdT BB 76 TR 1Y 2514
AR S 0 B A =B R (ANTPs) BEHLAE fih &
DNA 1 3" B AR it 3 A s i i A R PR 1 TdT
AR DNA M Sk B B i) SAR g, 7 DR & e, Bl
AEAH S 4ok Jre R 2 A R (B

Y5 B H3: 2025-03-08

SCERAREED: A

HERHFFEFIL RGP, TdT 5 kA E A RE
T UTVE, 755 L5 2 45 T LIRS B AR W) T
PE /) TdT £ . Boule 2519 % F i # 1k argU tRNA
HISRME, 76 15 CAREE 4508 F 323 T TdT A AT
PRI . Chua S5 30 23 Gl A /N0 T-12 R A S A& i
¥ (Small Ubiquitin-related Modifier, SUMO) {2 i& #7525
MRS, 78 15 C RIS 2 5400 N BRI T nl ik
TdT, {H R AT FRAR (9 n] i M R 3k K F- . Li 4802 R
FHZ G VIR 22 TAT(ZaTdT) N 3655 (5w, i
FHEE T ZMORIE TAT Wl it kK7, Horp, 1)
BR N i 140 A2 SE 7R )7 51 3845 1) N-140-ZaTdT 2848
W= B, TR 16 °C 55 20 h, AT A
FrE Ik E] 244.7 mg/L, F— i it IR IR TR R

ELTH: #4755 %0 H (XF012022E0100) ; ¥ i BHE Q#1181 151 (23121900100)
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4t groES-groEL (pGro7 Jitky), F= 2 F+ % 526.7 mg/L.
SRR T T A T AR R GA, (B TR Y
IR BLAS | e Ja S S it i 3100 R TR I 28
%) SR I U 5 AR P Al AR S S BRAR 2, T I 4l 4k i 72
2% AR B AP R L, R R A AT Tl
oA 7= AT VM TAT 45 7 EEAT A — A A e Y
[B] 7

AT PR TAT B AT PR R K, L
B IR B AR A, JFIR AR E N i)y 51 %t
TAT AT ¥ P 3R 8 52 i L], AR 98 358 FH 1 0 4
(Zonotrichia albicollis, Za) 3 J& B ZaTdT “k #ff 58 X
%, KT BRI A9 N-140-ZaTdT #7728, 2484
B N o 130 D2 HERR, IR B — B K e & ith A
BT R it . at BRI, H N Ik
PEIX B 131~149 57 B 7K PR 28 FE IR 5 sl 52748 hy SRk

PR LR, W) AR AT 2 A w5 vl v i 28 A8 4K TdT-
KR. 5¥74: AYHE 4 8 1 ZaTdT-B AH H, TdT-KR 7€
5 L A TERE 1) 8 75 SR 16 C #2523 C,
KSR W46 5 4 h, I TR T N B AR R Y
231%, i85 2.7 gL, BEAM, TAT-KR TEFHIRE L bR
B, WAL T AR TR, R TAT # Tk Ab A 7= RSk
B o A AL T F A,

I PRSI

1.1 E¥RSERf

WG HIFR IR 1E F KB AT BL21(DE3) 1 H
Thermo Fisher Scientific /3 7], ik 2K pET28a 1 A<
SCg AR . SLH TSI (55 1) & SO DNA
¥, AR EE 22 w58 1

F1OARMEAIG

Table 1 Primers used in this paper
Primer Sequence (5’ to 3”)
ZaTdT-B-F CGGGATCCTCCCTGCCGCTGAACATG
ZaTdT-B-R CCCTCGAGTTATGCATTACGTTCCCACGGC
TdT-DE-F ACGAAGATGAGGAAGACCCTGAAGACGAAGACACGAAAGAGAGCCAGTACTCCTGCCAGC
TdT-DE-R GGGTCTTCCTCATCTTCGTCGTTCTCAGGGTCGCTGGATCCGCGACCCATTTGC
TdT-ED-F AAGACGAAGACGAAGAGCCGGACGAGGATGAAACTAAGGACAGCCAGTACTCCTGCCAGC
TdT-ED-R GGCTCTTCGTCTTCGTCTTCGTTATCCGGTTCGCTGGATCCGCGACCCATTTGC
TdT-RK-F CGTAAACGCAAAGAACGTCCGAAGCGCAAACGCACCAAAAAGAGCCAGTACTCCTGCCAGC
TdT-RK-R GGACGTTCTTTGCGTTTACGGTTTTTCGGACGAGAGGATCCGCGACCCATTTGC
TdT-KR-F GCGCAAACGCGAGAAACCGCGTAAGCGTAAAACCAAACGTAGCCAGTACTCCTGCCAGC
TdT-KR-R GTTTCTCGCGTTTGCGCTTGTTACGCGGTTTAGAGGATCCGCGACCCATTTGC
TdT-QN-F AGAACCAGAACGAACAGCCGAACCAGAACCAGACCAAGAACAGCCAGTACTCCTGCCAGC
TdT-QN-R GGCTGTTCGTTCTGGTTCTGATTGTTCGGCTGAGAGGATCCGCGACCCATTTGC
TdT-NQ-F ACCAGAACCAGGAAAACCCGCAGAACCAGAATACCAAGCAGAGCCAGTACTCCTGCCAGC
TdT-NQ-R GGGTTTTCCTGGTTCTGGTTGTTCTGCGGGTTGGAGGATCCGCGACCCATTTGC
TdT-ST-F GCACCTCTACTGAATCCCCTACCTCCACCTCCACCAAAACCAGCCAGTACTCCTGCCAGC
TdT-ST-R GGGGATTCAGTAGAGGTGCTGTTGGTCGGAGAGGAGGATCCGCGACCCATTTGC
TdT-TS-F ACTTCCACCTCTGAGACTCCGAGCACTAGCACCACCAAATCCAGCCAGTACTCCTGCCAGC
TdT-TS-R GGAGTCTCAGAGGTGGAAGTGTTGCTCGGGGTGCTGGATCCGCGACCCATTTGC

1.2 FERKFFEFE

DNA R & il B i ME#E 3 7l o QuickCut B3 il
PEN DI . T4 DNA #4280 H TaKaRa A ). IPTG
(5N HE-B-D-HACEFLE ) . RIBEEEK . ANTPs, %
# (HyPur T Ni-NTA 6FF (His-Tag) 7 & /14, 1 mL)

Bi B AE TAY TR (L) I A R A
ML 2% pPUK: 50 mmol/L KH,PO,, 100 mmol/L
NaCl, pH 7.2, “F # 2 tf ¥ : 50 mmol/L KH,PO,,
100 mmol/L NaCl, 50 mmol/L WKWk, pH 7.2, BEMEZE b
#: 50 mmol/L KH,PO,, 100 mmol/L NaCl, 500 mmol/L
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WKmk, pH 7.2, 1 /7 2% 4 : 50 mmol/L KH,PO,,
100 mmol/L NaCl, pH 7.2. [ i I & 5 I 1R & T -
1 pmol/L % # # BR . 1 mmol/L dNTPs, 20 mmol/L
Tris 2% ¥ . 50 mmol/L C,H;KO,. 6 mmol/L MgCl,.
0.25 mmol/L CoCl,, pH 7.2,

TB(Terrific Broth) 5 7 3&. BEFF 320U W) 24 g/L,
HE MM 12 g/L, Hil 4 mL/L, KH,PO, 2.32 g/L, K,HPO,
12.54 g/L, 5 L k& WeE th Bt W) 4R 35 97 58 . KH,PO,
6.67 g/L, FERER LY 30 g/L, — KA PR 3.25 g/L,
CaCl, 0.05 g/L, MgSO,"7 H,0 2.5 g/L.
1.3 ZWHE
13.1 EAfkfARGME RFFH, ZaTdT 3
PR 371 £ et 4 0 e A BB A BR A | A, T4
Xt K M FF R AT S T O o %2 w4 T R
pET28a-ZaTdT, 4 H 4% {t. 2 K #F 7 BL21(DE3), 3k
13 RIBEE

LA pET28a-ZaTdT SA#iAR, 3 it PCR(Polymerase
Chain Reaction) §" 3 35 18 &k ¢ BRCT 45 #4 5k 19 TdT
J Bt ZaTdT-B, 4t 131~513 AL EILTR TS, %9
4779 5 pET28a ik 3 51 BamH 1 1 Xho 1 #E47
UGV, B S R T4 7% 82 B e A U0 7= 1, 4
HR IR pET-ZTB . &P 5 IE Jo iR )5, 5 H %
b 2= K HF B BL21(DE3), K15 235 B kK, % AR 1
S B S 5 AR A AR R TR AR A <

PL pET-ZTB A B4, SR I 2 11] PCR £ A 1) g
ZaTdT-B i iR AR . MKHE KA FF 1A 1) 26 55 D
U PRI RAR S, Bl AR A . Zad PCR
PRAFGEAL 5 W RIR 7 5, b5 34T Dpn 1 161k ik
KM FR6E, 3545 TDT-DE, TDT-ED, TDT-RK, TDT-
KR, TDT-QN, TDT-NQ. TDT-ST #l TDT-TS jX 8 4>
AR, BAE TSR G, W AL T AL E K
FF 8 BL21(DE3), 345 ik B bk
132 FFRE ISR B IR 0RO
1% B R R 254 50 mL TB 5532319 250 mL
L, 7 37 °C. 220 r/min B4 T 3555, B HERE
J& (ODgg) 35 2 24 0.8 B, il A28 B 2k 0.4 mmol/L
() IPTG LA 3% 5, I 15 772 5 B % R 75 5 iR
FEo 5L RBERESE IR B 3G FR4F 9 Fh I LA 6% 4%
P A% 3 LG FRIEN S L R EERE D . iR
FE 44 H 37 °C L 300 r/min, SN 1 vvm, 38
TN 0.65 g/mL HAHEIEF TAMBHEE R, TIN2/K#=H] pH
715 4 ODg i8I 25 B, ALK E R 0.4 mmol/L
() IPTG LAR 20, IR 552 IR R 5 R
133 Ekegme R R RS AU, e
ODggo0

134 TM&araRFwae  sOBERK
J& A E i 40 1 5 A % oo = B, B (R S
R, BB 110 W TAE 25, A1 @ 2 s, SLAT K
8 min, PFAT AN MIA 0 . BRI T 4 °C L 12000 g 15
O 10 min, 73 B _ETE S UUTE, LAAEIRBR AN i 2% 52 o
WA R UNE . BGE B BT RIULRE, A S<EH B
ZE MO, W /KA 10 min J5, 12000 g B0 5 min, B 1
1% 1#47 SDS-PAGE(Sodium Dodecyl Sulfate-Polyacryl-
amide Gel Electrophoresis) 7381 . B ¥k #) 46 B R 15 B
h 80V, A ity il 5 vk 4 -5 03 B IR S RS, o L TR
PR 120 V, HZEFE R FITER BEEREET . BIkes
WG, K% Dl i R-250 Ye (i e (o 1 h, fijs (f
FHJBE A0 €0 2215 5. {3 Imaged B4 %) H
BEE 2 EAT IR A, B R B AR
135 &aki 5 AR 22 i oF
AR, OSP4T AR R BT AR, AR AT
NSRRI o TR R R i R E o & Sl M DS
IR Y, Bl A FH V0 15 2 e i 0 405 T AR B
HRYHE A . BERE RIS, KA 10 kDa #(# 7)
T A 8 O EA T U AR, BE S A 10 A5 IR
U2 R R, R RO g 2 B ARA R, I
LG PIRE R A4S T A R, —80 °C IR AT
1.3.6 TdT 8 Mem2  fF4E Li S50 A PR 2
Ty, 78 50 pl S I S0 YR A VR I AN o ik
Bk 2 mg/mL B 44k 8 F AR &, I8 s RO, 37 C
B 15 min J&, 98 °C J# 5 min & (1. 12000 g 5
O 5 min, HUE i EH, DURZIAH A(100 mmol/L =2
JHE TR 1R 2% WL, pHL 7.0) W B 5 A% 5, ik v S8OBORH £
134T (HPLC) S BLR A W P AZ IR &5 o AR I [w]
R A P I A5 F40 A% 19 s o T 2, 98 S T A 114
W1 R Aok RAREE G . (3% 4 8 Hypersil BDS
C18(5 pm, 4.6 mmx250 mm), i sh4H A 24 100 mmol/L
= O REBSTRZE v, pH 7.0, B AH B Sh O, #4k 2
PP UEATBR VRN, AR 40 °C, PERE & 20 pL, Wik
1 mL/min,
£ 2 FRGEAREIEEBRR T
Table 2  Elution procedure of HPLC

p(mobile phase)/%

t/min

A B
0 90 10
15 90 10
20 40 60
30 40 60
35 90 10
37 90 10
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2 FER5TE

21 B NHBRCTEHMBREBEHEEEQLE

ZaTdT-B

I3 F i BN R R A BRI RN L
PEIRRY BEE T AOK BRI B2 SR, % F TdT
N s BRCT Z5#30 A 2 55 AR A 4K 361 ) DNA A2E fif
J R, R ATTYIBR ZaTdT (9 BRCT 45 #43k (& 1(a) ),
A A A B ZaTdT-B(131~513 i ) o DL
pET28a S #R K, #97 ZaTdT Ml ZaTTd-B (¥ 8 20 # 3k
UKL, %4k 2 K5 FF 1 BL21(DE3) kT #Rik . 4
BT ML P 2 11 2235 0T & B, Bk BRCT 45449 3806t 25 1
FARFMIAK, 16 C % F0F, 35— A B AT
AR, B SR TH R 2 30 °C, #8 it 90% K LA
LRI A AE (B 1(), (¢)) o Alifb i 5 W it
s (& 1(d)), BE T A2 1k

(a) Three-dimensional structure of ZaTdT, this
structure is the predicted result of AlphaFold2

16 C 23 C 30 C 37 C
I S 1 S T S 1

(c) SDS-PAGE analysis of ZaTdT-B

2.2 IEMIZit ZaTdT-B BUA] R SR T4E

FFERI, B A N S )3 516k L] 5 M R ih 2
A E R 25l i N S8 R A B K R SRR
B ol K E LR, A nT R = AR Y T v
PRI, Ry bR A1 1 R K MR SR, Ikt S
— G LR T AN T E AR AT S R TS e, BT
2 5 TR 0 1) b ey AR R 2 ) 5 AR SRR AR O S K Pk
RHREIR T N 4 28, IWEER R BUE K P dRc s 1 W A
RV A TR I AT A B e TRYEZ IR (R A =R
(Asp) . &R (Glu) ), Bl Pk FmR R =R (Arg) | #i
ZAR (Lys) ), R B IR (5 & B (Gln) . R AT
(Asn) ) DL Be /N0 4% 520 12 (22 % 1R (Ser) . 75 2 TR
(Thr) ) . ZaTdT-B N ¥jii 2 1% X 3 131~149 {37 2 HE R
FF9 Rk Jo A i, o e e i g, HE & oK v
AIM, B REARE ., FXHZ X 12 5k
PEZEERR (18] 2), 430K F L3k 4 288K v ke ik
T RGEER B, BT 8 ANRAEIR (K 3) .

16 C 23 C 30 C 37C

(b) SDS-PAGE analysis of ZaTdT

== NN W
S w»n O wn O
T T T 1

S W
T

Catalytic rate/(umol-L ™ '-min ")

ZaTdT
(d) Catalytic rate of ZaTdT and ZaTdT-B

ZaTdT-B

S is the soluble sample of cell lysates; I is the insoluble sample; Target proteins are indicated by red arrows; Samples were induced at 16 C

(16 h), 23 °C (12 h), 30 °C (8 h) and 37 °C (8 h)

F 1 #JE M R ZaTdT-B By Rk

Fig. 1 Design and expression of the truncated protein ZaTdT-B

2.3 FAMRTEHEHNFERRE

i@ i3 SDS-PAGE 43 #7 16 °C i 5 i} 8 AR {A
2235 (E 3(a)), R Tmaged #44:x} H bR A 450HF
AT IRBESIATT, 2 0 nT s AR T E B (51 3(b) ) 6
ZaTdT-B W A] I 8 1 LR 52.4%, 8 > 28 AR AR (1) AT
Vo P 28 T8 KO A T AR AR I A BT AR, 1R B 65% LA
o Horp, DIgEbE & IR Arg A1 Lys e N vk

XS K PR 2 BE R J , 98 48 {& TdT-RK Al TAT-KR (¥
AT A BB, iR B 95% 2o fh . AR HEE A
JZHr 44k 15 %] TdT-RK 1 TdT-KR, | F{# 1k dNTPs
P ZE AR N, EATT Y 16 44 5 ZaTdT-B #H L JG P Bk 22
S 3(c)) o FTHEEREM, M HE A N ums KM=
FETR R4 Ry S K I S L TR AT A CHE v L T A MR R
AR, i 2 R R R SR SR B W, TR
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Red regions indicate the hydrophobic residues selected for substitution
2 ZaTdT-B f{) =445
Fig. 2 Three-dimensional structure of ZaTdT-B

3 ZaTdT-B Z7E{ARY N 3 5878 X 4 S SR 7 41
Table 3 Amino acid sequences in the N-terminal region of
ZaTdT-B mutants

TdT Amino acid sequence(131—149)
ZaTdT-B SLPLNMPALEMPAFIATKV
TdT-DE SDPENDEDEEDPEDEDTKE
TdT-ED SEPDNEDEDEEPDEDETKD
TdT-RK SRPKNRKRKERPKRKRTKK
TdT-KR SKPRNKRKREKPRKRKTKR
TdT-QN SQPNNQNQNEQPNQNQTKN
TdT-NQ SNPQNNQNQENPQNQNTKQ
TdT-ST SSPTNSTSTESPTSTSTKT
TdT-TS STPSNTSTSETPSTSTTKS
TdT-DE TdT-ED TdT-RK TdT-KR

M S 1 S 1 S 1 S 1

— -—

it/

FIRIR Z o il pymol 115 131~149 {3 J5 51 {1 ¥
faf, ZaTdT-B B9+ HLfar Ry 0, 28 R 1 220 35 1R 5 46 1) 28
AF{R TAT-DE Fl TdT-ED 4+ H faf 45 A —11 e, il &
JE R 5 e 28 7 IR TAT-RK A1 TAT-KR # H faf 45 N
+12 e BRVEFITRME Z LR e 5| AR HL far 35 1 28
3[R R F HE e AR, 7T RE A B T2 2 1 3R
AR, (AR AR AT VA R AR v T B R R A A M
TG A B KA Ly, W LA A S5k 0 ) 2 1 SR AR e,
iE— 2% %% TdT-RK F TdT-KR 76 A 7] 5 5 i
FERF IR, g5 SR E 4 i, thE 4(a) v, 16 C
S0, AR ALY AT R R, ST
TdT-QN

TAT-NQ  TdT-ST

S 1 S 1
'"
=

TdT-TS

M S 1 S 1

S is the soluble sample of cell lysates; I is the insoluble sample; Target proteins are indicated by red arrows
(a) SDS-PAGE analysis of soluble mutants induced at 16°C

100 e L

80r [ .1 |

*kkk *kkk

Fhkk  kkk  kkkk  kkk

60

40

Soluble protein ratio/%

20

PO E
& Q7
D 2 / 2 ; 2 )

* % *x—p<0.001, * * * *—p<0.000 1

= O S &%
&0— '%81&,‘5

&l
<o

(b) Grayscale analysis of the soluble protein ratio in mutants

Catalytic rate/(umol-L ™' min 1)

ZaTdT-B

TdT-RK TdT-KR

(c) Catalytic rate of TdT-RK and TdT-KR

3 AT R AL AR 1 i

Fig. 3 Screening for soluble mutants
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TdT-RK
16°C  23°C 30 37°C
M S I S I S 1 8§

kDa DB

100

75— —_

2(7):- - —— == D & S,
“—.

25 - i

: .

TdT-KR
16 C 23 C 30 C 37 C

S is the soluble sample of cell lysétes; 1 is the insoluble sample; Targét proteins are indicated
by red arrows; Samples were induced at 16 °C (16 h), 23 °C (12 h), 30 °C (8 h) and 37 “C (8 h)

400 ZaTdT-B
ey I TdT-RK
3001 B TdT-KR

200

100 | NS

NS
I N -

0 16 C/16 h 23 C/8h 30 C/8h 37 C/8h
NS—p>0.05: ****—p<0.000 1
(b) Semi-quantitative determination of
soluble protein yield

Soluble protein expression/(mg-L ™)

(a) SDS-PAGE analysis of TdT-RK and TdT-KR expression induced at different temperatures

8 m— ZaTdT-B/16 °C
o— TdT-RK/23 C
| A— TAT-KR/23 C

0 0o 2 4 6 8 10 12 14 16
Induction time/h
(c) Growth curves of the ZaTdT-B, TdT-RK, and
TdT-KR recombinant strain during induction phase

Bl 4 JESIREEXT TAT-RK Al TAT-KR 7] %MK 1 5%
Fig. 4 Effect of induction temperature on the soluble expression of TdT-RK and TdT-KR

AR T ZaTdT-B(E 1(c)) . FFHEER S E] 23 C
ff, TdT-RK F1 TdT-KR #A] ¥ 4 8 11 He i nl 20 510
K% R 71.43% F1 75.25%. 4i% 50 T & 2 30 C
B, BB AT 90% M8 F LAUTIE R AP e . i A
o AT R (K] 4(b) ), TdT-KR £ 23 C i F: 0]
PR, IAF 283.7 mg/L, A EFAE RIS 1.6 15, I
Ak, 23 CiES B FERTET TAT-KR 541 A9 4E Kok
R,ES W ZaTdT-B 1 16 °C 4558 4 h(& 4(¢c)) .
Li 2 023 3 U] % ZaTdT N 3 140 4~ 24 25 8 45 15
N-140-ZaTdT 224K, TERE R EE 55 16 °C 55 20 h,
ALY PE 7 B A #2447 mg/L, AHER T N-140-
ZaTdT, AW 52 4815 1 28 28 /& TdT-KR 7] 7E 23 °C 1Y
B B AR R S B A R Ak, T H N A
ZaTdT-B % N-140-ZaTdT £ H 1) 131~140 fii & 3t
279 & & K R IR, SR R S 5, 3L
ZaTdT-B 7£ % ik W} 5 & 8L U V€ o 1 TdT-KR
ZaTdT-B N 3k P X 3, 131~149 037 (1) 55 /K 1 & FE iR
e At A IE H A 4 B S R, A e B AR T
RAEAN S LA L, 38 2 e R a2 I
B4R, X — LI T AEJE TAT-KR 9 0] i e e ik K F- 15
T N-140-ZaTdT 4 J5E R 6,
2.4 5L XEEREISIT TAT-KR AR RIE

IEF MBS AM, 78 5 L K BEHE R I E TdT-
KR [ FRIE K-, g5 K 5 ffin . ZaTdT-B HAETE

16 C ifs' %, W& A HEAT, 75 4 h iDL R H Y&
FI2%77, 29 50% NULYE, Ja SR8 (=m0, %5 12h
IR FNEAE, (AR ) B A R EEAAE (8] 5(a)) .
5 23 °C 5% 4 h if, KABS> TAT-KR ¥4 ol i P
1, BG5S A E G, 2 ™ o i S, 7F 8 h ik F)
e KO, X IR AU TE A i (& 5(b) ) . &
AL, AL ANTPs B9 ZE M 1, B AT
PSP A T B 25 5 (] 3(d), 5(¢) ) o Xt
HLUK 25 R T2 4T, ZaTdT-B 42 16 °C 155 16 h,
AR R 1.16 /L, T TAT-KR 7£ 23 C i%
F 2 hJE A HEE A ®iA 5 2.7 g/L, SN ZaTdT-B
PR 2365 (E 5(d)) o BbAh, B 1 S R A
TdT-KR 21 PR A= K R A IR R 1, & T o 40
B ZaTdT-B A F 4 T 4h([& 5(e)), WERE T
AIEPE TAT B9 A= 20% . TAT-KR A B SIRIE R .
W R L P i e AR, A A KRR Tl AR
7 e K TS H it s B A AR
W, AR S L g AR

3 4 it
£ XF ZaTdT 55 TAT A 3 M 22 3k KSR ) ) 5,

TE 25 B&% N ¥ BRCT 45 ¥ 3l A 5% ni A% 2 B o8 7% {4k
ZaTdT-B 75 P i 3Ll b, %F L N s 46 1 K 3 (131~
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Enhanced Soluble Expression of Terminal Deoxynucleotidyl
Transferase in Escherichia coli via Rational Design

WU Yasong, WANG Zejian, QIAN Jiangchao
(State Key Laboratory of Bioreactor Engineering, School of Biotechnology, East China University of Science and
Technology, Shanghai 200237, China)

Abstract: Terminal deoxynucleotidyl transferase (TdT) is a unique DNA polymerase that catalyzes template-
independent DNA synthesis. This distinctive enzymatic property makes TdT highly valuable for various
biotechnological applications, particularly in de novo gene synthesis and data storage. To enhance the soluble
expression of recombinant TdT in Escherichia coli, a rational design approach was employed. Hydrophobic residues in
the Zonotrichia albicollis TdT N-terminal region (positions 131—149) were systematically replaced with four
categories of hydrophilic amino acids (acidic, basic, neutral, and small side chains) using site-directed mutagenesis.
Comparative analysis revealed that all eight engineered variants exhibited significantly higher soluble expression levels
than the wild-type enzyme. Notably, the TdT-RK and TdT-KR mutants, in which hydrophobic residues were
substituted with basic amino acids (arginine and lysine), demonstrated the most substantial improvements. The optimal
induction temperature was increased from 16 °C to 23 °C while preserving full enzymatic activity. In shake-flask
induction experiments, the TdT-KR variant achieved the highest soluble protein yield at 283.7 mg/L, a 1.6-fold increase
compared to the wild-type. When scaled up to a 5 L bioreactor under optimized conditions derived from shake-flask
experiments, the TdT-KR variant achieved a remarkable soluble protein yield of 2.7 g/L, representing a 2.3-fold
enhancement over the wild-type protein. Additionally, the fermentation process was more efficient, reducing the
production cycle by 4 h. These significant improvements provide a strong foundation for the large-scale industrial
production of TdT.

Key words: terminal deoxynucleotidyl transferase; rational design; hydrophobic amino acid; soluble expression;

Escherichia coli
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