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Abstract: Nowadays, SUMO fusion system is important for recombinant protein production in Escherichia coli, yet a few
aspects remain to be improved, including the efficacy for vector construction and protein solubility. In this study, we found the
SUMO gene Smt3 (Sm) of Saccharomyces cerevisiae conferred an unexpected activity of constitutive prokaryotic promoter during
its PCR cloning, and the gene coding regions of SUMOs in most species had a 670-dependent prokaryotic promoter embedded,
through the prediction via the BPROM program developed by Softberry. By combining the characters of Sm promoter activity and
the Stu 1 site (added at the 3’-terminal of Sm), and introducing a His-tag and a hyper-acidic solubility-enhancing tag, we further
constructed a set of versatile vectors for gene cloning and expression on the basis of Sm’-LacZo fusion gene. Experimentally
started from these vectors, several target genes were subcloned and expressed through blue-white screening and SDS-PAGE
analysis. The results manifest a few of expectable advantages such as rapid vector construction, highly soluble protein expression
and feasible co-expression of correlated proteins. Conclusively, our optimized SUMO fusion technology herein could confer a

large potential in E. coli protein expression system, and the simultaneously established co-expression vector systems could also be

very useful in studying the protein-protein interactions in vivo.
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Table 1 Primers used in this study

Primer name Primer sequence (5'-3")

SmNdFw ATAgCATATgTCggACTCAgAAgTCAA

SmStRv ATggTCAggCCTCCAATCTgTTCTCTgTgAg

HSNdFw gAACCATATgAgAggATCgCATCACCATCAC
CATCACACTATgTCggACTCAgAAETC

LZXhRv gCATTATCTCgAgTTAgCgCCATTCgCCATTC

GfpFw TATgeTgAgCAAggegCgAggAg

GfpRv gAACTTACTTgTACAgCTCgTCCAT

SmNsRv CTAgAgTCgACACCATggTCAggCCTCCAATC

LZNsFw CATggTgTCgACTCTAgAggATC

pAYFw gCTggATATCTgTCAAACATgAgAATTACAAC

pAYRv gCTggATATCACACggTCACACTgCTTC

EtlFw TATggAATTCACTCgTCCTCgTg

EtIRv ¢gTCTTAACCgAATTCACgCTgCTTgAg

TevFw gggTeAATCACTETTCAAAggAC

TevRv ggTTAgTTCATCAgTTgggTCgCTTC

EkFw CATTgTTggAggAAgTgATTCAAgAg

EkRv geCTTAATETAggAAACTTTgAATCCATTC

Pt7Fw CCgCgAAATTAATACGACTCACTA
Tt7Rv ggATATAgTTCCTCCTTTCAgCA

Ulp1Fw CCTTeTTCCTgAATTAAATZAAAAAZAC
UlpIRv gCCTACTTCAAAgCgTCgeTTAAAATC

Forward primer is named with the suffix ‘Fw’, and reverse primer
with ‘Rv’. Thin-solid underline indicates the introduced restriction
enzyme site. Double-solid underline indicates the DNA sequence of
His-tag. Bold-solid underline indicates the first gene codon of target
protein. Bold-dot underline indicates the tri-bases complementary
to the stop gene codon of target protein.

1.2 F&E
1.2.1  Z /Ry

JIT RS B AR 7 R385 I8 F e B S B T2
AR ENZE R AR, JFHE DNA P EE,
122 JEIE 507 Bl 2 by

7E NCBI M i A if) I 42 LS AP SUMO [
) mRNA J¥4], 40506 H 5 K 4m i X 751 (CDS)
T it BRI (www.softberry.com) HE L1 R A% IS
3 Wl ¥ BPROM Fli% & 1S4 (LDF=0.2
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oA IR EF) TN, A4 IO EAZ IS 3
SR (LDF fH). —10 #1-35 JofF4EE, i
EXCEL # #3734t
1.2.3  ZF1# A K SDS-PAGE 74

W R B EE L E R AP BL21(DE3) i, 3
WA 37 CHFRIA . RIS HRIR 4% 3R 3] 5
FRPLA: BRI R LB AR I3 (6 pET #ifk
B K ] 100 mg/L Amp, X pAY #ifksm
A 34 mg/L Cm; X pET Hl pAY ZARIEFK A
A 100 mg/L Amp F1 34 mg/L Cm), 37 CHiFEZE
ODgoo ik 0.6, JIA IPTG 2L 1 mmol/L, 37 C
FEEFIK 4h, I 10 mL 19iEF R IEMERE K,
BLJE A 3 mL PBS ZZ vl 27, I F A I 2
fif . HUAM M LAY 20 ul, 15 000 r/min, 4 ‘CE.L>
5min, 7> K B3 (S) FIULIE (P),F 12% SDS-PAGE
HEFTHLUKASI , O FH B e A R e 26 1 DR S A o
1.2.4 & LTSN

¥ SUMO filt & 5 F1 /0 pET 3R 5 A 40 0 S e 1)
Ulpl 2 FIBF Y 2 A pET(Ulpl) IR 40 R 43 il ik
Jr il s A B Y B . P LT — R AR

1 IRA), JiUE 25 Cl 3 h, RIEH 12%
SDS-PAGE 734t R i 1% 4t

2 &

2.1 B8 SMUO R Sm3 EGAMREEZ%E 5
FiEM

F A5 Y SmNAFw/SmStRv 7 3 B 7 &%
SUMO JEH Smt3(Sm) ) DNA J B F-A sty o b 5]
pUC19 1 Hinc Il (GTCIGAC) i s, #Ab R ImFF s
DH5a, & FLTE X-gal+IPTG 1Y LB V-4 b4 ok iy i
LT 2N, 2 PCR %E Sm W EH ik,
44 A pUC(Sm-LacZa).

W FE T, RI SmAiEA (K1, P
ZIa) TWr T pUCI9 | LacZa WENFIEHE, B
KA ZE S0 5 RBS(lac) [AGGA S EIE (1
Do (A, Sm (R EFIY SmStRy 76 H 3/ A (H)
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—-35 (Plac) —10 (Plac) > (Plac) LacO
CCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGGAATTGTGAGCGGATAAC

M T M I T P S L H A C R S
RBS (lac)

Forward primer (SmNdFw)
* Nde 1

TAGCATATGTCGGACTCAGAAGTCAATCAAGAAGCTAAGCCAGAGGTCAAGCCAGAAGTC
AAGCCTGAGACTCACATCAATTTAAAGGTGTCCGATGGATCTTCAGAGATCTTCTTCAAG

ATCAAAAAGACCACTCCTTTAAGAAGGCTGATGGAAGCGTTCGCTAAAAGACAGGGTAAG

_______ ™ (Psm)
GAAATGGACTCCTTAAGATTCTTGTACGACGGTATTAGAATTCAAGCTGATCAGACCCCT

—35 (Psm) —10 (Psm)

Stu 1

GAAGATTTGGACATGGAGGATAACGATATTATTGAGGCTCACAGAGAACAGATTGGAGGC

Reverse primer RBS (sm)
Ec1136 11 (SmStRv)

Xbal — BamH1 Saml gpn1  /Sacl — EcoR1

M T L E D P R V P § S N S L A V V L
_C"I"GACC@ACTCTAGAGGATCCCCGGGTACCGAGCTCGAATTCACTGGCCGTCGTTTTA
Q R R DWENP GV T Q L N R L A A H P
CAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCACATCCC
P F A S WR N S E E A R T D R P S Q Q L
CCTTTCGCCAGCTGGCGTAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCCAACAGTTG
R S L N G E WR L MR Y F L L T H L C G

CGCAGCCTGAATGGCGAATGGCGCCTGATGCGGTATTTTCTCCTTACGCATCTGTGCGGT
Nde 1

I S H R I WC TUL S T T C S DA A %
ATTTCACACCGCATATGGTGCACTCTCAGTACAATCTGCTCTGATGCCGCATAGTTAAGC

Smt3
[ (Sm)

¢ LacZa.

1 FR¥L pUC19(Sm-LacZa) | SUMO £&E Smi3 5 LacZa A& HIFF 51
Fig. 1 Sequence analysis of the fusion gene of Sm?3 and LacZo in plasmid pUC19 (Sm-LacZa).

-GG HEFEMFAL) 5IA S 1 i (AGGLCCT)
PR T —AN 2 1% RBS, Bl RBS(sm) [GGAGG], [F]
2514 5" S BEE AN DR 7 6 X 7 4 FE AR RS (-AT
3 HrikEALLL Hine 1 K (5" GAC-) RlG ™
H—AS ATG %1, 5 RBS(Sm) HIEIPRE N 7 bp,
XEENGT R H R LacZo FR4R 4L T A BB IC
(& 1), IS EE O EEIE . A, XA
PRRIRER T Lac Ja 8 F (Plac) (1) 7€ IPTG i
FREAEN Sm-LacZa $5 5877, S ANSTE Sm AT
7EH AR 2 F 7= A B L sk = Y 9t i RBS(sm) A

P LacZa W7

WX Sm(306 bp) HEATIE BF M AT, K
W Sm AWK 70 WRZIE S F Psm, &
—-35(Psm) . —-10(Psm) o, 43 %1h TTAAGA .
TATTAGAAT (FLJ5 18 6 bp M LFH)) (K 1), Al fg
1 F T F LacZo Fik o, M FZMEH Lac A 31+ M
ST, XA S — 2R

Bt J5 DA pUC(Sm-LacZa) N AR, Fl 514
SmNdFw il LZXhRv, ¥ 3 Sm-LacZa HEt, %
Nde 1 #1 Xho 1 W), SFEFEREVIRY pET32a(+) i#
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¥, #AL KT DHSa, & BLTE X-gal+IPTG #) LB
AR EA R I A TR, T 2 M AR O B
ik, B pET(Sm-LacZa). HiT pET32a(+) fifi
WHIRETE R T7 RNA RE[N T7 B+ (G
LacO J¥31), DH50 MIZ A H B AKiLk T7 RNA R&
fitg, D RMEAAAE PTG ARG T7 B shFigs
Sm-LacZo, HF2XA 800 O F E B LacZo %
IKMEA AT BEh Sm JA 3hF Psm BYVEFHRTEL,

734h, LL pEGFP-N1 N#iH, #0514 GFPfw
Fl GFPrv 74 GFP (S5O CHEAREN) it X
Bt, i Fudd A% pET(Sm-LacZo) HJ Stu I Al
Ecl136 st (Bl 1), ALK # DHSa, 5 i
M OBE G 2k f B 7% PCR % E IE B BH PR T B
pET(Sm-GFP) stu fil pET(Sm-GFP) ecl, GFP Ji EAE
PIADLS 4E AR FBOLS 1) LacZa RRE, B
AR . A BIPE 2 M E IS RILEEE LB
M EEEFE, LB pET(Sm-GFP) ecl 4T V4 4 i A8
A, T pET(Sm-GFP) stu FY & 7% {0 W AT 2
Ak, I FEI T, GFP TEPANML S HIH ABR S
FE 53 Sm IV B —A~ 1E0 [ SS2AE 1 il 15 BE PR iy ELAR
Arlfeth SmJash 515 GFP ¥ 5=, Ak,
16 Stu 1 A7 547 A S2 RBS (sm) (B 1) 5 GFP 1
EH T ATG BRHAMAB, GFP ANRELe AL &% mife
Ecl136 111 s fi AAT LA RBS (sm) A )
ATG #EH GFP FEH I B, fiff pET(Sm-GFP) ecl
PR TE B 8 R I R ITE S ) IPTG ANEAER
BT, Sm a8 FRENS AR & ¥ s v, &
FE Stu 107 519 RBS(sm) JeH U3 B B i 1 5 22
iteTott . Bz, FRE R R PIEERE SMUO J: [ Smi3
FUAT B S 1 A BB A S Bh T
2.2 REHF SUMO & E 89 4Z i 3 F 7 4 47

SMUO & B AW T IZ A e —REH, B
WlEEE SUMO #£H Sme3 BHA MG shFiste, &
AT HAB S R i SUMO H: 8 AT fig BLA [RIRE 4

i B A5 AL P BPROM X NCBI % Bdfs i b
JLFETA R SUMO R Hgwt X (CDS) #47)8 3+
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W AHT, KI 121 NPT G R 2 909% 4B HAT i
R shFiEt (LDF=0.2), fEAREE LDF A9
SUMO CDS L BRI A 3% (>5). 4% (4~5).
9% (3~4).19% (2~3).38% (1~2) Ml 17% (0.2~1)
(I 2), #H—LH¥AF SUMO CDS ##yfp kil 4> il 4
2. FLB (Fungi), #%) (Plant) (48K ZHCNW Tl
). LHHESY (Invertebrate) Fl A HE 2 ¥
(Vertebrate), #RJ5024 1+ EA14EAN R LDF JuH or
ditefl, 45 R BN, BEREAAY T 85% 1 SUMO
CDS HAFIE sh it WifeEHEm I EHEsh Y
HX AN Fe il 5 % 95% . LDF>3 ) SUMO CDS 7E4%
YRR AT 5 G5 5 309% (L), 18% (HEY)).
27% (RHHESHY)) F1 2% CHHEShYD), IR HE
PN AL FI R SUMO CDS A8k He il A %5
A S S E v, AR B R CE HE S )
FIFHGEH, LDF>4 [ HAi 5518 19% F1 16%
(& 2).
23 BT Sm’-LacZo RS EEHBRARERIESR
FHEREFED 0

LI pET(Sm-LacZa) M 54k , ff H 51 ¥ Xt
HSNdFw/SmNsRv 1 LZNsFw/LZXhRv, i#fi i3 5|4 &
B ALV G OB LA 3L B BE Sm-LacZa.,
iF Nde 1 #1 Xho 1 i), 5 [RIFERGY) 19 pET32a(+) %
%, W pET(Sm’-LacZa) (] 3A). SmJ&H 514
HSNdFw i Sm 5'¥ifill b 17— His #3475 (H6),
AR TRIIEALAL; FINATE Sm'-LacZa FEAE L
FIAT Nco I 1 Sal 1 /Hine 3 i, {15124 2 75 &
fiid (MCS) #HEZ, T HMERN n TEV) £
FER ST L, 16 Sm 3 KW -GG HF %1
b, FIANT A Stu 1 fisi (-ggAGGLCACT-, T X
LANHR-GG HF M, oK Ulpl U5 KE)F
5 AGGLCCT fRF Stu I a5, URFF Kbl
(K 1, K 3A), B AR 57-Sm” ggAGG-3'HES
AT 80 2 1 Y B 31 target 19 PCR 72#) 5'-N
target-3' (T target 5'¥i{\ 7581t PCR 5[ ) Us InAF:fuf
—FPOEEE N, 3R 1), BINA5 8] 6 EHE R
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Percentage of SUMO CDSs with indicated range
of LDF in the same category of species (%)

—_
(=]

0
LDF Fungi (27)

Invertebrate (19) | Vertebrate (41)

Total (121)

W <0.2 15 15

5 5 10

0.2-1 15 18

32 10 17

u ]2 30 35

21 54 38

m 23 11 15

16 29 19

m 34 11 15

11 2

H4-5 15

0

m >3 4 0

16 0

2 EFBEEETMEEF LDF B/ SUMO £ & CDS 7£ FE 4% & B & e 51
Fig. 2 Percentages of SUMO CDSs with indicated range of LDFs of the predicted promoters in the same category of species.

Sm’-target fli& 3L (B 5'-Sm’ ggAGGN atarget-3'),
fill G RIXE ANIGFTE-GG 27 (H1 ggA GGN %ifi)
JE®E Ulpl BEUIIT, A5k AL SR &
AN 3o T Sm ARZE IS HBEAH X A7 R 42 = 4 2R
P AT RS, FATT 40 K B R I T AR 4 Misb
(E. coli msyB). Yd (E. coli yjgD). Od (E. coli rpoD
(9 N s 30 PCR =)l Nde 1 B§8), A5
7 A% pET(Sm’-LacZa) ) Nde I 155 (K 3A), 4
N 8 K8 AR pET(MsbSm’-LacZa) .

pET(YdSm’-LacZa) Fl pET(OdSm’-LacZo), #ARFR
% Msb, Yd. Od 5 Sm’73 BT 2 45 B4 A AR
% MsbSm’, YdSm’Hl OdSm’, i Sm 5% 3 ¥
WETE, PSSR R AT DHSa e AL H T TR
X-gal+IPTG VA FERE ML, B2, Xkl
AR R SUMO FiltG R Ge 3ie BB i i 1 3

PEARH T H AL PCR 7= 4 B9 R v b A8 (T
FEERRIA, M HIUHGE & & KRR Z M7 9 L8
MY E A

AN, A4 PayFw Fil PayRv 3 4K # I #Y
BURL pACYC1841, 15 51 22 o U B 2847t P 5 DA 1
KB, SAIEH EcoR V E§Y), 5 Ll Sm’-LacZa
a2 PCR A Brifdk, HALKWFTH DHSa,
i B BT BE AR Y PCR SEE #A a1 S 4L kL
pAY(Sm’-LacZo) (K 3B), H#/k pET(Sm’-LacZa)
—FE, B AT Dot §E R e AR H RS B
(I Ulpl) WtRESERERIFRIS . 1T pAY(Sm’-LacZa)
JRAE AR pACYCI84 A HIRIAIX p1SA, S
fbZE AN pET(Sm’-LacZa) JRAZAK (% ColEI &£
MR IC) MHZE, PIF AT e — b 3Rk, wf
PLHITFPIAS (BULAS) IR E A B A EAE 7307 .
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A rbs (sm)
Stu 1
Nde 1 (CATATG) Trans.cription 1\;5111 (CCATGQG)
rbs (g10) start site (Psm) Hinc 11

EcoR 1
Transcription
startsite (Pt7)

lacO

additional fusion tag
(Msb, Yd, Od, etc.)

cleavage site

Xho'1 Tt7

Ulpl

Target protein
(TEV, EK, GFP, etc.)

Lacl ColEI Ori Amp®
I N
pET (Sm’-lacZa) (~5.9 kb)
B rbs (sm)
Stu' 1
. Nco I (CCATGG)
Transcription Sal 1
start site (Psm) I;ZwIH

a

2 BamH 1

~10 (Psm) \ S]g;)"nll

—35 (Psm) Sac I/]:icl]36 11
co
Nde I (CATATG) . Yol

EcoR 1
Nco 1 CmR

ene of target protet
Ulpl, TEV, Ab,
or its Pt7-drived derivatives

t1, etc.)

.g. Pt7-Etl

Nhe 1

pAY (Sm’-lacZa) (~2.7 kb)

B 3 #{k pET(Sm’-LacZa) (A) F1 pAY(Sm’-LacZa) (B) ~E &
Fig. 3 Diagrams of vectors pET(Sm’-LacZa) (A) and pAY(Sm’-LacZa) (B).

24 EF pET(Sm’-LacZa) RFIEIERFERIEHIK
MEREEQRIEDHT

G 3R pET(Sm’-LacZa) F AR FEME:,
4% 5 51 9 % GfpFw/GfpRv . Et1Fw/EtIRv .
TevFw/TevRv ., EKFw/EkRv M pET(GFP)., pET(Et1),
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pET(EK) . pET(TEV) ¥ 3 i # % 1 GFP. Etl
(TEL-SAM, Hs%4ifil A+ TEL B N ¥ SAM 2544
). EK. TEV WK 7B, i ASEARR Stu 1 7
AU, W I BREGH BRI % PCR %E5E , RIS 3 H
4 Bt K pET(Sm’-GFP) . pET(MsbSm’-GFP) .
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pET(Sm’-Etl), pET(YdSm’-Etl), pET(OdSm’-Etl),
pET(Sm’-EK) . pET(MsbSm’-EK) . pET(YdSm’-EK) .
pET(0dSm’-EK) . pET(Sm’-TEV) . pET(MsbSm’-TEV) ,
pET(YdSm’-TEV) F1 pET(OdSm’-TEV),

it IPTG S, XEEARARRGE TR %
K, Rl B AT M O R A AR Al G Rk
HOER (I AH EL AR [ R B b 3R A5 T4 5 o Hob, Sme i
BRI AT, (R AR A R R T S bR A
(MsbSm’, YdSm’, OdSm’) A A% Wb H: i 2%

(& 4), X5IAVEH TAERE ML 5,
BB m AR S T A A AR Y L
oA 55k Ulpl B 40 2460 15 JEF 714 o0
KN, % SDS-PAGE 73, AKX LEE Sm HYFES
HE AR Ulpl REFM R, Sm’ AR E G5
% (MsbSm’, YdSm’, OdSm’) #BBEA R M &
FEE LB, JEREAHNMHESTY (GFP., Etl,
EK. TEV) (K 5), XLl Sm # N 3 in & [ 51
FEARFMW Ulpl XHE R SR, i A iE 52

[ 4 SDS-PAGE i & MFTEHMAEKXBTE BL21(DE3) FHIFRIE

Fig. 4 Expression of various constructs in E. coli BL21(DE3) analyzed by SDS-PAGE. ©indicates the expressed target protein in
non-fusion or fusion form; S: supernatant of the cell lysate; P: pellet of the cell lysate.
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& Ky &
3 N < S 4 4
R N
> . >
& @5\’ 4@ Qt?" X @%° $ & on\ @39 Ab% Ob% Q@"@
kDa -+ -+ -+ -+ -+ -+ -+ -+ -+ -+ Ulpl
= =0 - B=02=8 1%
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Fig. 5 In vitro enzymatic reactions of the supernatants of cell lysates of Sm fusion proteins and Ulpl, analyzed by SDS-PAGE.

indicates Sm fusion protein; * indicates target protein;
overused in some reactions.
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” indicates Sm’ or its combinatorial tag (e.g. YdSm’); * indicates Ulpl
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Fig. 6 Co-expressions of pAY (Sm’-LacZa)-derived pAY vectors and their correlated pET vectors, analyzed by SDS-PAGE.
© indicates the recombinant protein expressed from pET vector; * indicates the recombinant protein expressed from pAY vector;
” indicates the protein product of Cm" (chloramphenicol acetyltransferase).
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