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§ ZE: [H%]DNA AERFARZEABAAESRFH—MNXEHER, KEEAR. GRFHLARA
ERBA—EAERANFOEZHTAR. AEEMB W TAEFRER T, DNA LA BRI
G (ARG, MAED —SmB R EEKTE T AL —F S H BASI 75 2 4 3K
(sulfur-binding domain, SBD)#J 2 5| & & , T vA4F F M2 5] DNA L&) #4545, LBK?&’M?J?&B
— 3769 DNA 42K K. [ B 491 KK £ DNA K aisihegif 4+, T4 DNA #4855 SBD 48
RO EZ G AR AR E) T4 DNA £ 38400, REH LG50 EE8E, [FF1 REFRARETAHRE, &
THERASA 5 4, B3 ERASAR a9 DNA R B, #& T4 DNA 54855 SBD #k4-& & 49 3 AR A HAK
T4-linker-SBD (Hga). T4-linker-SBD (Spr)#= T4-linker-SBD (Mmo), &ik#hibih b3 aks%d.
PUAX 3 IR EARE (2.4, 0.24. 0.024 mg/mL) T4 DNA 428 5 6k &% & /£ 2.5 kb A2 8.0 kb DNA A
B ey 27, [4 %] DNA R #454549 2.5 kb A= 8.0 kb 49 #5% A B3 aed 3%, M H 3 Fhak
SEGMRRK, ERIL25kb F BRI ST Y, 44 T4ADNA £33 85 %0 &84k
R Skb HE;, RMAERK8.0kb  BAGIKINERE LI, AAFE] 450 18] fo A0 F) B IR B T, X8k
4% & T4-linker-SBD (Hga)#t %5 45 8.0 kb H X% 42 %, 16 kb 49K A #&. [446 ] #RIE P LA 35 IR A 5t
IRk 89 SEA 45 R T 4m, JEPREX 8.0 kb 69 DNA Kk Bi£E4E LI ¥, T4-linker-SBD (Hga)@e & & &
A E 50953 ER, KR T iR VABARE RAF LA Z 6920 F A K H B DNA 2R R T —FF 37
8 7 kA L,

KR AR TFIRA LMK, DNA E3205E; DNA #UISA6; KELHE R
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Assembling long DNA fragments with DNA sulfur modification
in vitro
HU Meiyue, WU Geng’

State Key Laboratory of Microbial Metabolism, School of Life Sciences and Biotechnology, Shanghai Jiao Tong
University, Shanghai 200030, China

Abstract: [Background] Assembling large DNA fragments is crucial in genome synthesis.
Exploring inexpensive and efficient DNA assembly technologies has been a research hotspot in
synthetic biology. In some bacteria such as Streptomyces there
phosphorothioation modification on DNA (also known as DNA sulfur modification), while in
some other bacteria such as Streptomyces coelicolor, there is a protein possessing sulfur-binding
domain (SBD), which serves as a reader protein to specifically recognize the sulfur modification
on DNA. This inspired us to develop a new technology to ligate long DNA fragments.
[Objective] In this study, we introduced sulfur modification at the 5’ and 3’ ends of the DNA
fragments to be ligated, and employed a fusion protein containing SBD domain and T4 DNA
ligase to complete the ligation of long DNA fragments in vitro and compare the different
efficiency between 2.5 kb and 8 kb fragments with these two ligases. [Methods] We designed
sulfur-modified primers and amplified 2.5 kb and 8 kb DNA fragments with sulfur modification.
Additionally, we constructed three fusion protein vectors: T4-linker-SBD (Hga), T4-linker-SBD
(Spr), and T4-linker-SBD (Mmo) and expressed them in Escherichia coli and compared the
ligation efficiency between T4 DNA ligase and fusion proteins under three different
concentration gradients: 2.4, 0.24, 0.024 mg/mL. [Results] We successfully amplified 2.5 kb
and 8 kb DNA fragments with sulfur modification and expressed these three fusion proteins. In
the 2.5 kb DNA fragments ligation experiment, we found that T4 DNA ligase and fusion protein
under the three concentration gradients and in twelve groups all successfully ligated, whereas in
the 8 kb DNA fragments ligation experiment, only T4-linker-SBD (Hga) fusion protein
successfully ligated two 8 kb fragments into 16 kb fragment. [Conclusion] According to our
agarose gel electrophoresis, we concluded that in the 8 kb DNA fragments ligation experiment,
T4-linker-SBD (Hga) fusion protein had higher ligation efficiency. Thus our method provide a
new way to assemble large DNA fragments with low cost and high efficiency.

Keywords: sulfur-binding domain (SBD); DNA ligation and assembly; DNA sulfur modification;
genome synthesis
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V> 370 A i T 5 L A T X ) 8 R e, 4 T AR
PERNRE AL EE, S DNA R Br 4l %6 ok
)5 M FH DNA RAE R E& T, Tag DNA i
FEmEb B U2, JERLSEEERY DNA F B, Gibson
SR Gibson 2% AR AMALSE T A 58 S A
1/4 AL ZH (144 kb)), AR S ISR LR 20 53
AT~ 2 kb (9 DNA R B, 2308 25 1> 24 kb
i) DNA KRB, 4 3> 24 kb i) DNA F Bt
2025 i —> 72 kb B DNA K HBt, 42472 kb
) DNA Fr B3 m—1 144 kb ) DNA Kk
By B ERIR A R BOBOR R, A KA
BRI BRI, =2 S5 IR ML e X LUEA T T
%, BB XL 144 kb 19 DNA K A BoAE 7 £F
M 1 B 2H RGeS e B S AR
2H(583 kb). FhJ5, Gibson ZEPIFH| I £)4H 5
RGESEH T 1.08 Mb R 7 AR L R 4 1 41
B, HBME 5 —ARIREA R Rk, &k
BRAN A AT DA A R A

SR, Gibson J7 1575 L 7E ME B v i o [/
EHMIATHEEE, R T R R A iR
DNA RN ERE T, FHAZRTE2E X B
“Mk AR TH, BEE AR Ay
YRR SRR, RGO, flan, meRk. R
Mg /NEURIERIZH 430 120 147, 2 700 Mb

(https://www.ncbi.nlm.nih.gov/genome/15?genom
e assembly id=22535 .

gov/data-hub/genome/GCA_016746445.1/ . https://

www.ncbi.nlm.nih.gov/data-hub/genome/GCF_01
5227675.2/). ZH BB A BN K A 4 I DR 20 X6

T Gibson 72 5538 1 1A PN [ 5 E 2H R AN W pF 42/
F B DNA B2 Ty gl R TR B Pk, ik
O J B — BN OB T Bk 25 KRR A=tk . 58
R FRSMEAR RN . 5 T hr AL R AR AL Y
KBt DNA #3578

DNA 1E Rt f5 B sk, kw454

https://www.ncbi.nlm.nih.

W& T C. H. O, N, P X 5 FEARMITE,
1E 2005 4E, Zhou Z5MV& Bl o KSR DNA
Wi, XE—M DNA B2 b pyusiss
i, 8 DNA R —Fasl by — IR AR
TR R TP, Z4 U DNA H 3Lk & ifih
UHRF1 % (i #f SET and RING-associated
(SRA)ZE 6 IR > B AL A7 05Ok H DNA H
FAEEALWE 1 (Dnmtl)5] 58X a7 50 5%
25 DNA B 42 b (A5 A& M6t AR T — 2845 52 1)
BRI, Liu SRR W 655 7 h &2 3
T—~iH%) DNA &7l Reader 51 ScoMcrA,
W58 & I ScoMerA H A& — Bt st Ui 45 1)
I3 (sulfur-binding domain, SBD), 1% %5t 48 F
— M IEFL Y loop ik DNA 731y KA HL,
PUI DNA _FREE 887 51 (GpsGCC), F4F
i D A % A 2 5 A S — 1 i K 3R T S R
B Yu VR BURE TR HERE R 1Y SBD J¥
41 RE % I 2 K AR A% 0 T 81 (GGCC .
GATC. GAAC), H ;- HLiil 2ol 5 Btz 1
TCHN B 25 H RERS 5 DNA BERR B 2877 A4
HLVE R s M40 R 5525 1 SBD 751 Y JC AL
& 1 SRR A5 T A A R g B AR I HR
BF, WAl LU £ 14 DNA G gty 4.

REF L RN RITHRENEIY, &
if PCR ¥ 3 th Rty A Bt A8 1 ) DNA B¢,
FH T7 RSN HATHEDT, M T7 A% BRAMI) il
() F Dt I 2 B BRI A R, RE ARG i b
5 1 280 R g 1 A0 OIS KB, T
DNA A M AR, AFEIA DNA R
A, R T4 DNA ¥ HE G ED v] 0K 7 B2 DNA 1)
SRR A B RR R i 5 37 R i B A 1R
“ WS, FIH SBD HI14H3: DNA %0,
Al iE— 2042 = DNA Fr BOAR S 4 286 1) 7% 2 0%
(1), MIMSZEE DNA R B Jossis . ieah,
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~s PCR s
S~
l T7 exonuclease
I T4 ligase s
: . SBD s
I I / Ligation
5 —————
i
"
i
l Assembling
s s 3

S

s

1 DNA RImHISIHKBEEINK R R DNA ER X

Figure 1
in vitro.

X B AES H A AN [ 35 00 R 91 e £ 1 Y SBD
FE A [ A Ry ST e e, S AT
PASE [ 4 w38 3R AR . H AT, RN 5K
BT EYIR RN LSS, W HAA B aE
SCHE L, RSN i B 415 1 oA R s
%, AWM R T Br DNA (RSN
BRI R 4 T, U RS G ik
RS2 RE

1 HRE5rF%E

1.1 #R
1.1.1  EFRF R

W ¥k Escherichia coli DHS5a #1 E. coli
BL21(DE3) ¥ A SR % (R AF- . 5149 Depdce5-1-
F-2.5kb. Depdc5-1-R-2.5kb., Depdc5-2-F-2.5kb
Depdc5-2-R-2.5kb. Depdc5-1-F-8kb. Depdc5-1-
R-8kb. Depdc5-2-F-8kb il Depdc5-2-R-8kb, £
KIEHR AN FE A R Amp-pRKS5-Depdc5 |
Kana-pET-28a A LI & (R AF

The method of assembling long DNA fragments with DNA sulfur-modification dependent ligation

1.1.2 EERXFIANEE

Tag T, EREARA WA FastPfu
i, XL AE; ERIINIE T7, New
England Biolabs 24w ; Jiv#i 42 Hia(57] & F1 DNA
Jie R &, BESR AR AR PR AW

B FZMTPM : 25 mmol/L pH 8.0
Tris-HCI1, 20 mmol/L pH 8.0 Bk®, 150 mmol/L
NaCl, ZRHEVENR-FEEE 1: 40 mmol/L BRI,
150 mmol/L NaCl; £HF 2. 60 mmol/L B
150 mmol/L NaCl; #fF 3. 110 mmol/L bRk
150 mmol/L NaCl; #E 4. 200 mmol/L bRk,
150 mmol/L NaCl; #£7F 5: 300 mmol/L BEKmE
150 mmol/L NaCl, 43F i/l : 25 mmol/L
pH 8.0 Tris-HCI, 150 mmol/L NaCl, 2 mmol/L
DDT. IPTG: IPTG [E{&HK 2.38 g, #alik
50 mL. % S reis . 5<% Do 200 uL,
4k 800 uL, 50 mg/mL FHPEEZE : FREL 2.5 ¢
RIEREM A, INZEH/KZE 50 mL, 0.22 um JE
JE VB S 3, B -20 °C {#4F. 1 mol/L DTT:
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FREL 7.71 g DTT BrR, WT#EKT, €52
50 mL, 200 mmol/L PMSF: #Ri#& 3.48 g PMSF
BRI AR, JOK B, B4 % 250 mL, LB
BRIk 25 ¢ LB WU, 28 IRKIE M, ER R 1L,
121 °C K& 30 min,

JENTAE SRR AL . BB TR A ZE AT A SR,
Qiagen A A5 BERGEUE)Z AT Hiload™ Superdex
200, GE Healthcare /A #]; PCR ¥, BHEEA
Al KA, FEOBHECA R A E] B SA
ST RSGE, Tanon Awl; (mREBEAL, ZKIKAY)
By 7] ; AKTA™ prime Plus, GE Healthcare
OvE BRUREOHL, BWEOHUMTR T
PR EOHL, Beckman Coulter A F] 3 —fLH
AR ARE ,  EWESERRBRMY A |l AT ook
KT, B ITHT R A ] Nano Drop 430t
YePETT, ThermoFisher 23 H] .

1.2 7H&
1.2.1 T4 DNA E#E85 SBD i EE/ME
EAMRILFREE

EHC T 4 A Ok A O VS W IR B (Hahella
5 i 4% B T8 (Streptomyces
pristinaespiralis, Spr)H1EE [ B & (Morganella
morganii, Mmo)iX 3 FEFI¥) SBD & H 751 5
T4 DNA #E#ZHE A5, H—BEtE linker
(BIELMRIFHI N 5-GGGGSGGGGS-3")ikE ., X
M Nde 1 F1 Hind TI{ENEFYIA A, Kana-pET-
28a JIURLAE Ry BAR A T IR BAR A . 43 )
M N 358 C ¥y & T4-linker-SBD (Hga)
T4-linker-SBD (Spr). T4-linker-SBD (Mmo)iX
3 MRS EAIT 45l PR T4-SBD (Hga).
T4-SBD (Spr). T4-SBD (Mmo)], 7&K BHT e
E SUY S A= S Wi o s LY
1.2.2 FHEERRRAY IS

W e SR G A EE A TR A T . B 1-2 pL
JERIIMAZE] E. coli DHSo J&Z 4NN, vk k-
M E 20—-30 min, 7E 42 °C KB 90s, K

ganghwensis, Hga) .

9FF 3-5 min, JIA 700 pL LB ¥53R3E, 7E
37 °CHEIR P, L 180 r/min (%5 H $% 45-60 min.,
B 55 IR AR B KA 4 000 t/min 20> 5 min,
772600 pL b3, EEWW, W4T RIFER
POk B9 ML, F 37 °C RFRA R IR .
PR BV T 50 mL LB K5 3R3EH, WA 50 uL
ARE 2 (50 mg/mL), F 37 °C KiFfa iR
W, EEA 180 r/min. K5 IR 0 AW HE
Fitg 2 W) 9 Bk R BORR) e 4R BBk, e
30 puL elution buffer Y H b5k .
123 FEEAMNRIESHWL

1) AhGE MRS

B g TR L 1-2 uL, AR E. coli
BL21(DE3)/&az &4 il rh 1T 5 AL 5000, Wik
AU R T 37 °C S5 G FR . P
75T 50 mL LB /M, F 37 °C. 180 r/min
W E ODgy N 0.6 Ef. B m
S0mL A% 140 BIA 27 1 LIS RIRER
(50 mg/mL)[¥ LB K, F 37 °C. 220 r/min
Big% an, BREERARE 16 °C, 180 r/min ¥4 3#
TR 2h, A IPTG S, HFidK.

2) Wi

¥ LB Hr 572 b BE R ob I W TR AE 4 500%g
B B0 20 min, 75 BIHW, WA 15-20 mL
B i, TImiENL hE R, EEEHE
% 50 mL Z.O0EH, A 250 pL 7 F R I 5
PMSF,

3) WA

W H B VR TE R R A P R 3, &
IR NS . TEmER RS DL, T
17 000xg 5% 3 T 5.0 45 min,

4) HEH4iftk

W v O ) Y R A T AR, R R AT
GEPRTENL 2-3 AR, BRAZeE, A
AN TR B2 A BB 1 DK e Y JI 9. (40 . 60, 110, 200,
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300, 500 mmol/L)#¥ H iy HuEMi F k. B
20 uL FEEPEBL, JinA 10 uL loading buffer,
FH 15% SDS-PAGE HBEJR %5 slifb 8 1, 1EHK
& H W E O AR, LA I, 7E 4 000xg
FESR N B0 20 min 45 &2 2 mL.

B v 4 )5 1) 25 1 Superdex 200 BE kS g
EArAEaifh, BN BENEE, ] 15%
SDS-PAGE Bt aifbmdEr, WESHK
EANER, #1TEIF.

5) B I

] Nano Drop Il f4fifb 4 e A R,
433K 2.4 mg/mL T4 DNA ##8 . 5.1 mg/mL
T4-SBD (Hga)ft 5 . 8.8 mg/mL T4-SBD
(Mmo)fli &2 1. 4.4 mg/mL T4-SBD (Spr)ffi &
B KL EEARERE R 2.4 mg/mL A1,
FELAEE 10 uL A —E 5034, URAF T80 °C &1k
WokAE, 5.

1.2.4 WRIEHS14989%T

PEHL B LR AF R Amp-pRKS5-Depdce5 it
KL SR P HIE R 1R, <8R 9 464 bp,
F ] SnapGene Fll Oligo ZXAA BT HRAE M54 o
FIFH SnapGene X4 MK 2 & it519), #fEd
BER B, ] Oligo BRMRIFAN BT 1)

A K IR FR KEE . KA B DNA 1)
PCR 4" ¥ AHX i b BB IR, 77 s A Rl
JEAT S 8 000 bp K J1Be DNA ], iy T REWLEE
FILIGE R, R m Y W R R, X5 ik
17 TAEARTT: (1) 51 hREa s —B S
M B AN 51, MR 4l 2 15 A e 5 R FR R
JEHAT KR (2) — B ifi 51 b 2= /0
A 6 M E S, T H AR A% 9 SBD R
(3) Bl¥h A& —BeaT I Sh DI BEBT B . T AR
B2 HAMICRT R PR P A1 . B e, FRATTEE
Depdc5 ikl F3EH 1 ANTC & Je 45 ¥ ol fift 4% 15
JERARBEGTIAE NS 1 AR Bt Depdes-1
f) 5540, 10 bp AT LURE SN BRI 25 4 i
i B (151 2 R B (4 58 0 )+6 b BB T B 3 (15 2
HR 2T 83 43 )+18 bp H Mg I (& 2 i 3 4
HARL, B3l 34bp. &5 14 F Bt Depdces-1 Ay 3
Ui 5 | 49 1 B L 50 1R R E AR I R A, [
A A e g b B A B R AR R F A,
10 bp AT LAk SMIT BV 2% 14 71 2t Bk 3L +6 bp B &
WAl E+17 bp B AMRILAL K, it 33 bp.
PR E AR P, I 2 B Depdes-2
Feal e 5'Bes |9, A 10 bp BRFEE AN, 1 10 bp
AT LA S DI GUI 25 i i S R +6 bp B A8 1 Bl

Depdc5-1-F Depdc5-2-F
1
10 bp [F88 10 bp 668
88 10 bp B8 10 bp
Depdc5-1-R Depdc5-2-R
T7 exonuclease
6bp
6bp
Depdc5-1
6bp.
6bp

2 Depdc5-1-R 5 Depdc5-2-F 5| it mEE

Depdc5-2

Figure 2 The primer design of Depdc5-1-R and Depdc5-2-F.
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H+17 bp HAMBIEA AL, £t 33 bpe 22
Bt Depde5-2 JEARY 3% | it 57018 kI
FEAVTRS, 10 bp AT LAREAMIIEEY) 25 ARl
Ui E+6 bp BB EE+19 bp T AMEIEELH AL,
St 35 bpe 1A 2 SRR B 1Y
2500 bp K Bti5 RGBS 1E 8 000 bp H B
519
1.2.5 KHEI1E

VEHL Pfu W UEAT PCR P4, P3N
2 kb/min., PCR JZ i {K & (50 upL): #& 4R
(70 ng/mL) 0.5 puL, 5%&5[#J(10 pmol/L) 1.0 uL,
3355 4 (10 pmol/L) 1.0 pL, HiFREE(50 mmol/L)
3 uL,dNTPs (2.5 mmol/L) 4 L, Pfu fii(2.5 w/uL)
1 uL, 5xPfu buffer 10 uL, #4li/K 19.5 pL,
stimulator 10 uL., PCR SN 95 °C 5 min;
95°C30s, 58°C/63°C30s, 72°C4min5s,
35 MIEIR; 16 °C filiff . PCR =41 1%B i b
EERCHLYK 40 min, AEMFLIENL—E, FHRERD
DNA & B & 2k 7l , il PCR

1 2500 bp HEZHNSI4DIRIT
Table 1 The primer design of 2 500 bp fragments

P4 8 e Be B 4 Depde-1-8kb 81 ng/mL (fA&
F1 60 uL). Depdc-2-8kb 78 ng/mL (fAFL 60 uL).
1.2.6 15 E& DNA BRI ESRE

¥ T4 DNA 3% 4%} \ T4-SBD (Hga) . T4-SBD
(Spr). T4-SBD (Mmo)iX 4 FpH K AR FE 10 5
100 %, ZrEC 3 DAREEE . R 3 i ir iy
Depdc5-1 A BtAll Depdes-2 A B T7 41T
25 °C /KinY) 30 min. FEHIIAZR (25 ul):
Depdc5-1/Depdc5-2 10 uL, T7 #MJJEE 0.5 pL,
T7 buffer 2.5 uL, #4i/K 12 uL. fIIA 5 pL
90 mmol/L /) EDTA £ -V 47 1%EIE b
BERCHLUK ,  FHHE B [R5 G R U0 7 4
& (BT Bk B 4 Depde-1-8kb 17 ng/mL (f&
FH 60 pL). Depdc-2-8kb 14 ng/mL (1AFH 60 pL).
B¢ 4 puL Depdc5-1-8kb DNA | 4 pL Depdc5-2-8kb
DNA. 1 pL #%$#8F. 1 uL T4 buffer, 7E£ 16 °C
K EHGI . ROy 12 4, 302
T4 EHEMG IR L | T4 MM R 10 5. T4 %
FEMEHEFE 100 % . T4-SBD (Hga)/5i#k & .\ T4-SBD

51945 SIYIF51(5'—3")

Primer name Sequence of primers

1B KR
Anneal temperature (°C)

Depdc5-1-F-2.5 kb
Depdc5-1-R-2.5 kb
Depdc5-2-F-2.5 kb
Depdc5-2-R-2.5 kb

TGCGTCGACG*ATGAGA*ACAACAAAGGTCTACAAAC
AACTCTTCAA*ATACCT*GCTGGGCTGTCATCTGCAC
TTGAAGAGTT*TATTTG*CCAACGTCTCATGCAGGGC
TAGCGGCCGC*TCACGG*GGCACTGGCATGCATCTTC

63

58

*r RS IE] BB S B AR IR, T (R

*: The bases between the asterisks are sulfur-modified bases. The same below.

&2 8000 bp HEZHISI4IRIT
Table 2 The primer design of 8 000 bp fragments

CIL/EAR

Primer name

5 H 7 51(5'—3")

Sequence of primers

1B KR
Anneal temperature (°C)

Depdc5-1-F-8 kb
Depdc5-1-R-8 kb
Depdc5-2-F-8 kb
Depdc5-2-R-8 kb

TCAATAATGAC*GTATGT*TCCCATAGTAACGCCAA
TCACCGGCTC*CAGATT*TATCAGCAATAAACCAG
GAGCCGGTGA*GCGTGG*GTCTCGCGGTATCATTG
ATTAAAGAAC*GTGGAC*TCCAACGTCAAAGGGCGAA

58

63

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn
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(Hga)#iFe 10 /%5 . T4-SBD (Hga)FiFs 100 1% .
T4-SBD (Spr) iy i . T4-SBD (Spr)#i Bt 10 1% .
T4-SBD (Spr)fi & 100 5. T4-SBD (Mmo)Jii ¥
JE . T4-SBD (Mmo)#i# 10 £ . T4-SBD (Mmo)
M BE 100 15 o B i 42 AT 1%B8 B Wi e e vl
K, WMESHEEL R,

2 BRS04

2.1 BAAEEBRRIEER
B Fimaife ok ny 4 NEA, BT

A

kDa M T4 DNA ligase
—
116 —
66 —
S e 53.7 kDa
45 —
35 —
28—

C
kDa M T4-SBD (Mmo)

116 —

66 — "— 73.8 kDa

45 —
35 —--

25 —

18.4 —

15%M SDS-PAGE #EM LUK . IRl 3A AT UL,
XTHEZH T4 DNA MG &Ik ik, 70+
i & 53.7 kDa, F Nano Drop il & H. 25 F ¢ B
A 2.4 mg/mL, T4-SBD (Hga). T4-SBD (Mmo),
T4-SBD (Spn)iX 3 MEAEHWIIAE E. coli
BL21(DE3)H i B i75 T 38 A W i & T

K 3B-3D ¥ N T4-SBD (Hga). T4-SBD
(Mmo) . T4-SBD (Spr)iyRik &M, 7430
726, 73.8. 73.2kDa, IMEHESHIH 5.1,
8.8, 4.4 mg/mL,

kDa M T4-SBD (Hga)
1
116 —
45 —
35—
25—

kDa M T4-SBD (Spr)

1
116 —
. W 73 kDa
45—
35
25—

3 BMBIAEBRNRELENER  A:T4 DNA H ) 4>F 0 Superdex 200 4fifb 25 %, B: T4-SBD
(Hga)y 4> T Superdex 200 Zlifk 4% 5. C: T4-SBD (Mmo)f¥ 43> ¥ Superdex 200 4fifk45 5. D: T4-SBD
(Sp)AY 4 F-0iii Superdex 200 &fi fk.4% 5

Figure 3 The expression of various fusion proteins. A: The results of T4 ligase passing through the
Superdex 200. B: The results of T4-SBD (Hga) fusion protein passing through the Superdex 200. C: The

results of T4-SBD (Mmo) fusion protein passing through the Superdex 200. D: The results of T4-SBD (Spr)
fusion protein passing through the Superdex 200.
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Figure 4 The results of PCR amplification. A: The products of 2.5 kb fragments PCR amplification. B: The

products of 8 kb fragments PCR amplification.
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Figure 5 The result of 2.5 kb fragments being ligated into 5 kb fragments.
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