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Prokaryotic expression and identification of dual-fluorescence
fusion proteins of small ubiquitin-like modifier and
sentrin-specific protease
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Abstract: We cloned genes of four sentrin-specific protease (SENP), three small ubiquitin-like modifiers (SUMO), enhanced cyan
fluorescent protein (ECFP) and yellow fluorescent protein (EYFP) by two-step PCR. Then we constructed expression vector B28 for
SENP and B13 for ECFP-SUMO-EYFP. The recombinant plasmids were transformed into Escherichia coli BL21 and expression was
induced by isopropyl B-D-thiogalactoside, then recombinant proteins were purified by Ni-NTA agarose column ion-exchange
chromatography. The proteins were analyzed with SDS-PAGE and identified with Western blotting. Except that SENP3 catalytic
domain (SENP3C) truncated in the C termini and SENP5C expressed in inclusion body, others were expressed as soluble proteins.
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SDS-PAGE analysis showed that the relative molecular mass of these fusion proteins were consistent with theoretical ones, and the
specificity of the fusion proteins were confirmed with Western blotting. The fusion proteins of SENP and ECFP-SUMO-EYFP can be
successfully expressed in prokaryotic expression system. It lays the foundation for the fluorescence resonance energy transfer
analysis.

Keywords: SUMO, SENP, ECFP-SUMO-EYFP dual-fluorescence fusion protein, prokaryotic expression, purification
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Table 1 Primer sequence

Primers Sequence (5'-3")
F: gaaggaattcggtacc ATGAGTAAAGGAGAAGAACTTT
ECFP/
EYFP ¢

R: tgeggecgeactcgagCTATTTGTATAGTTCATCCAT

F: AATTCGTCGACATGTCTGACCAGGAGGCAAAA
SUMO1 CC

R: CTATAGGTACCCCCCG TTTGTTCCTG
SUMO2 F: AATTCGTCGACATGGCCGACGAAAAGCCC

R: CTATAGGTACCTCCCGTCTGCTGTTGG
SUMO3 F: AATTCGTCGACATGTCCGAGGAGAAGCCC

R: CTATAGGTACCTCCCGTCTGCTGTTGG

F: AATTCGTCGACATGTCTGACCAGGAGGCAAAA
SENP1C CC

R: CTATAGGTACCCCCCGTTTGTTCCTG
SENP2C F: AATTCGTCGACATGGCCG ACGAAAAGCCC

R: CTATAGGTACCTCCCGTCTGCTGTTGG
SENP3C F: AATTCGTCGACATGTCCGAGGAGAAGCCC

R: CTATAGGTACCTCCCGTCTGCTGTTGG

F: AATTCGTCGACATGTCTGACCAGGAGGCAAAA
SENP5C CC

R: CTATAGGTACCCCCCGTTTGTTCCTG

F: gggeACAAGTTTGTACAAAAAAGCAGGCTtgaagg

Adaptor-  aattcggtaccatg
rCF R: gggg ACCACTTTGTACAAGAAAGCTGGGTtgeggee
geactcgaggta

1.4 PCR##& EYFP, SENPs, SUMOs £[&
EYFP

SUMO1/2/3

pReceiver-M15a

cDNA )
PCR EYFP
SENPs SUMOs PCR
0.2 uL, 0.2 uL, PCR 12 uL(pfud4 uL 5U
Amplifier 0.2 upL DMSO 2 puL. ddH,O 1.8 plL),
ddH,0 12.4 L, 25 uL; PCR : 98°C

1 min 30 s; 98°C 10 s, 60°C 30s, 72°C

40 s, 25 ; 72°C 7 min 1%

, PEG PCR
1.5 SENPs EEFRMAMESEE
PCR pDeliver02
SENP1 SENP2 SENP3 SENP5 C
, E. coli DH5aq, ,

SENPs

PCR
pReceiver-B28 ( 1) RJ ,
SENPs , E. coli DH5a,

R Acc65

1.6 ECFP-SUMOs-EYFP EHERHHIHEELE
EYFP pReceiver-BO1.1><(  2),
SUMO1/2/3 PCR

EYFP pReceiver-B01.1>< , E. coli

DHS5a, SUMOs-EYFP BO1.1><,
PCR ECFP ,
PCR ECFP , ECFP ,
PCR  Adaptor-r CF , PEG PCR ,
SUMOs-
EYFP BO1.1> , E. coli DH5q,

ECFP-SUMOs-EYFP B01.1><, PCR

pReceiver-B28
Expression clone

MC2

z‘\mpicil‘!r'u

1 pReceiver-28 FizFkiZEHRRMMEREE

Fig. 1 Prokaryotic expression recombinant plasmid pReceiver-28.

pReceiver-BO1.1
Expression clone

B 2 pReceiver-B01.1X [RiZzFKiEEHRMHERERE
Fig. 2 Prokaryotic plasmid
pReceiver-BO1.1X.
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1.7 SENPs B28 #1 ECFP-SUMOs-EYFP B01.1X
E 4 B R R RIE

SENPs B28  ECFP-SUMOs-EYFP
BO1.1x E. coli BL21, 37°C s
PCR
Amp , 0.4 mmol/L
IPTG 18°C ( 16h)

1.8 SENPs #1 ECFP-SUMOs-EYFP ft&EH
DITEE

12%
SDS-PAGE , ,
SDS-PAGE
Western blotting ,
5% 30 min, 6><His
4°C , (HRP)
IgG(H+L) 37°C 1 h, (DAB)

>

1.9 SENPs#1ECFP-SUMOs-EYFP gt &ERBI4E1L
18°C 0.4 mmol/L IPTG s
Ni-NTA s SDS-
PAGE
1.10 ULP. SENPs %K% ECFP-SUMOs-EYFP
RYBELIHE R K ULP. SENP2C i &6
ULP SENPIC SENP2C ECFP-SUMOs-

FYFP Tris buffer
50 mmol/L Tris, pH 8.0, 20 mmol/L NaCl, 5 mmol/L
DTT SENPIC 2C ULP 37°C  25°C
1 h ULP
SENP2C 37°C 25°C ,1h 1 ug
1h,
s ULP EGFP (
ULP ) 2>=<SDS
, 12% SDS-PAGE ,
2 #XR
2.1 ECFP, EYFP, SENPs. SUMOs £ [ #J PCR
JigEER
PCR 1% R
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751 bp 751 bp 657 bp 300 bp ,
( 3~ 95
1 2 3

800 bp

751 bp 700 bp

3 ##% PCR ¥ 1 ECFP, EYFP &i{L/57=4)
Fig. 3 Amplification of ECFP and EYFP DNA by two-step
PCR. 1: ECFP; 2: EYFP; 3: DNA marker.

1 2 3 4 5

600 bp

5
657 bp 700 bp

4 W+ PCR ¥ 1% SENPs ik 5=
Fig. 4 Amplification of SENPs DNA by two-step PCR.
1: SENP1C; 2: SENP2C; 3: SENP3C; 4: SENP5C; 5: DNA marker.

300 bp

5 @M% PCR ¥ 1§ SUMOs &L 574
Fig. 5 Amplification of SUMOs DNA by two-step PCR.
1: DNA marker; 2: SUMO1; 3: SUMOZ2; 4: SUMO3.

2.2 SENPs B28 1 ECFP-SUMOs-EYFP B01.1X

BB FRH S
SENPs B28 Acc65 , 6.6 kb
( 6); ECFP-SUMOs-EYFP BO1.1><
SUMOs PCR , 300bp

«C N ,
2.3 SENPs #1 ECFP-SUMOs-EYFP gi&E 81

[RizaRiE
12 % SDS-PAGE

SENP1C SENP2C

40 kD

73 kD ECFP-
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SUMOs-EYFP R 10 %
SENPs Western blotting

( 8 SENP3C 23kD

, SENP5C ,
SENP3C

1 2 3 4 5 6 7 8 9

SENP5C

6000 bp

6 [FR*L SENPs B28 Acc65 I Bg1 % E
Fig. 6  Construction and identification of SENPs B28.

1: DNA marker; 2, 4, 6, 8: SENP1C B28, SENP2C B2S,
SENP3C B28, SENP5C B28; 3, 5, 7, 9: cleaved by Acc65 1.

1 2 3 4

300 bp
200 bp

7 [R#I ECFP-SUMOsS-EYFP BOL.1X B E
Fig. 7 Identification of plasmid ECFP-SUMOs-EYFP BO1.1x.

1: DNA marker; 2: ECFP-SUMO1-EYFP BOI1.1x; 3:
ECFP-SUMO2-EYFP B01.1%; 4: ECFP-SUMO3-EYFP BO1.1x.

KD 1 2 3 4 5
\\ g
4() ——— @. o
Prestain band — %
30—
25—
20— -

8 SENPs 3&ix k& Western blotting £ E4£ R
Fig. 8 Expression of SENPs with Western blotting. 1: protein
marker; 2: SENP1C; 3: SENP2C; 4: SENP3C; 5: SENP5C.

2.4 SENPs #1 ECFP-SUMOs-EYFP R & &R Y
S EE
IPTG , ,

Ni-NTA

) ,
9
25 ULP. SENPs ¥ [&# ECFP-SUMOs-EYFP
BB )45 B A T

(95% SDS-PAGE

12% SDS-PAGE,

12) 10 12
25°C  37°C ,1h

( 10~
, ULP SENP2C

1.15 pg ECFP-SUMO1/2/3- EYFP
11 ,SENPIC37°C ,1h
ECFP-SUMO2/3-EYFP
2
1 2 3 4 5 6 7
kD = —
70— == - --
— g
40 — - -
25—
20 — -

9 SENPs#1ECFP-SUMOs-EYFP & | 4l k. 7= 4 SDS-
PAGE BiKk¥7E

Fig. 9 SDS-PAGE analysis of purified SENPs and ECFP-
SUMOs-EYFP proteins. 1: protein marker; 2: ECFP-SUMO1-
EYFP; 3: ECFP-SUMO2-EYFP; 4: ECFP-SUMO3-EYFP;
5: SENP1C; 6: SENP2C; 7: SENP3C.

12 3 4 5 6 7 8 9 10

kD —
70 — s— —_— — it
-— b

10 ULP /&4 ECFP-SUMOs-EYFP BB 145 R 14467
Fig. 10 Enzymatic specificity of ULP to substrates ECFP-
SUMOs-EYFP. 1: ULP; 2: marker; 3: ECFP-SUMOI1-EYFP;
4. ULP+ECFP-SUMOI-EYF; 5: ECFP-SUMO2-EYFP; 6:
ULP+ ECFP-SUMO2-EYFP; 7: ECFP-SUMO3-EYFP; 8&:
ULP+ECFP- SUMO3-EYFP; 9: EGFP; 10: ULP+EGFP.

3 4 5 6 7 8 910 11

Bl SaTe —

—
- s Te = -—

11 SENPI1C &4 ECFP-SUMOs-EYFP RIES 1145 &
L o]

Fig. 11 Enzymatic specificity of SENP1C to substrates ECFP-
SUMOs-EYFP. 1: marker; 2: SENPIC; 3: ECFP-SUMOI1-EYFP;
4: SENP1C+ECFP-SUMOI-EYFP; 5: ECFP-SUMO2-EYFP;
6: SENPIC+ECFP-SUMO2-EYFP; 7: ECFP-SUMO3-EYFP;
8: SENPIC+ECFP-SUMO3-EYFP; 9: ULP; 10: EGFP; 11: ULP+
EGFP.
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N S N N N 0N SUMO02>SUMO3>SUMOI,
0- = - SUMO02>SUMO1>SUMO3 [8.12.15]  SENP1C
10 R e BB oy T e — ECFP-SUMO2,3-EYFP ,
30 medEEEEEESE I S oy SUMOI [8.12] 2
25— R , SENP3C SENP5C
= , SENP3C  SENP5C
12 SENP2C X} Ji£# ECFP-SUMOs-EYFP IS 1145 5= , SENPs C
14 46 SENPs N

B

Fig. 12 Enzymatic specificity of SENP2C to substrates

ECFP-SUMOs-EYFP. 1: SENP2C; 2: marker; 3: ECFP- s
SUMOI1-EYFP; 4: SENP2C+ECFP-SUMOI1-EYFP; 5: ECFP- N
SUMO2-EYFP; 6: SENP2C+ECFP-SUMO2-EYFP; 7. ECFP-

SUMO3-EYFP; 8: SENP2C+ECFP-SUMO3-EYFP; 9: ULP; 5 N

10: EGFP; 11: ULP+EGFP. [8,10]

#2 ULP. SENP2C BYEHBRGIKLLED ,

Table 2 Enzymatic activities of ULP and SENP2C to

i > > SENP
different substrates

>

Activity Specific activity SUMO ,

Enzyme Substrate .
! unit (U/pL) (U/mg) SUMO SUMO _SENP
ULPIC  ECFP-SUMOI1-EYFP 2.560+1.109 (5.243:&2.275)><103 SUMO
ULPIC  ECFP-SUMO2-EYFP 0.293+0.127 (0.600+0.260)x10°
ULPIC  ECFP-SUMO3-EYFP 1.227+0.531 (2.5103:1.091)><103 ULP SENP ?
SENP2C ECFP-SUMOI-EYFP 0.320+0.139 (1.280:£0.554)x10° Ulpl Ulp2 ,
SENP2C ECFP-SUMO2-EYFP 1.173+0.508 (4.693+2.032)x10° Ulp1tH ULP1 C
SENP2C ECFP-SUMO3-EYFP 0.6230.257 (2.453£1.062)x10° 3 SUMO (
The active unit values represent enzym:: concentration Ileeded to ULPIC SUMO1,2,3 )
process 1 pg of substrate in 1 hour at 37°C (SENP) or 25°C (ULP),
while specific activity values represent active unit concentration ULP1 SUMO
every milligram enzyme protein. SUMO
N N ’
3 itib
SUMO ’ (FRET)
SENPs SUMO ; SENP
SUMO . SUMO SUMO
FRET

SENPs SUMOs . . . e R
Bt AZRaeIIAEET MARARARAS T

PR, JEILECHE,
SENP1,2,3,5 C
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