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#  E: AMEWFELIK (Self-assembling amphipathic peptides, SAPs) & —X F /K RIL B4 — T MIE S
EH ARG LR, O ABEE N &, BARSR I B GE. REBTHALLE L, %
4#7 49 & F SAPs (Slvw, HNANARARHNANARARHNANARARHNARARAR) #) T 428t fh & & & R X fofs 2 M4,
FA R THRAF R BN S DB IKATS, EXMAFRARLZ% Y, ¥ Slvw ¥4 PT-linker (PTPPTTPTPPTTPTP)
wRA R I B (Alkaline polygalacturonate lyase, PGL). g &4 % (Lipoxygenase, LOX) R4 & X K& A
(Green fluorescent protein, GFP) #) N Rs#it, LHxbmeg2rA A48k, PGL A LOX ¢9#857E 5 41483 T 3.1 454
1.89 1%, GFP #93%k3R AR H T 16.22 45, Slvw 49 3 AP ko B3 o7 A 4R AT FAesbtl, FFAARFH = IE,
PGL A& LOX 3T it #4350 T, HEFARARL, FRMHARSET 2.16 54 3.2 45, % GFP-Slvw 45 %
FHRHARRLAHBFREARZG T AL, ANEREFTRFATREOTORALERGVE, REEFBE T REA S
JUFEA BT, WRAERBEEARZ T, Slvw TTAE A —Fr 37 A 690 £ A8 . AL B T AL % 2h i dn s,
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Development of a purification tag to produce thermostable
fused protein
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School of Biotechnology, Jiangnan University, Wuxi 214122, Jiangsu, China

Abstract: Self-assembling amphipathic peptides (SAPs) have alternating hydrophilic and hydrophobic residues and can
affect the thermal stabilities and catalytic properties of the fused enzymes. In this study, a novel multifunctional tag, S1vw
(HNANARARHNANARARHNANARARHNARARAR) was developed to modify fused enzymes. After fusing Slvw at the
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enzymes/proteins N-terminus through a PT-linker, the crude enzymatic activities of polygalacturonate lyase and lipoxygenase
were enhanced 3.1- and 1.89-fold, respectively, compared to the wild-type proteins. The relative fluorescence intensity of the
green fluorescent protein was enhanced 16.22-fold. All the three S1vw fusions could be purified by nickel column with high
purities and acceptable recovery rates. Moreover, S1vw also induced the thermostabilities enhancement of the fusions, with
polygalacturonate lyase and lipoxygenase fusions exhibiting 2.16- and 3.2-fold increase compared with the corresponding
wild-type, respectively. In addition, S1vw could enhance the production yield of green fluorescent protein in Escherichia coli
and Bacillus subtilis while the production of GFP and its S1vw fusion changed slightly in Pichia pastoris. These results
indicated that S1vw could be used as a multifunctional tag to benefit the production, thermal stability and purification of the

fusion protein in prokaryotic expression system.

Keywords: self-assembling amphipathic peptides, fusion enzymes, production yield, thermal stability, purification, expression
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FH 2% 1 7K 22 R 1 BE — o R A3 A1 i B
ZH %5 X 3% % Ik (Self-assembling  amphipathic
peptides, SAPs) #f Lu % & L A8 i & A i
(Lipoxygenase, LOX, EC 1.13.11.12) ({fa 1
Ffigfb e usE®, Jh, SRIETReEE Zution &
1% SAP (S1, AEAEAKAKAEAEAKAK) X ¥
WK AR A A B L m Tk O K e
PSR A Rk PR R AR
B — R E R . Tk, BAT S ST 2 pIa st
1R 2H B AN HEAG )7 20 SAP (S1vl, AEAEAHAHAE
AEAHAH) 8 T & 31 b FTE 24Tl 28 1Y S 5 3R

&: 010-64807509

kR, HE G SO ERKGFFE RIS R
T M S AL R A e &, B S1vl Y42l
% AT F Al B B E A2 AT, LAl fh iR
His-tag “lifb 2R @ E 2. S1 5 sivl Z el iy
4N FIRBRFRFLR 25, UL LR 4L %) SAPs
AR R HEEEE W, A, EIERR A%
AR o | AFHN BE RS TR | 18 20 S Uk B
Xof S5 Y8 G R s S N B P R S s 1 i
WAEHT AL 4598, X SAPs £ F i ol FMes i
AT DLk — 204 i H 2 D RE v HRCR

AW — R 2N 2 TIRE SAP(S1vw,
HNANARARHNANARARHNANARARHNARAR
AR), HAfE ARG AR e, [FEfhT
VBRI —F TR E 2T 2R R AR . I
P L 20 e (Alkaline polygalacturonate
lyase, PGL). fEWi% & (Lipoxygenase, LOX) &
2305 11 (Green fluorescent protein, GFP) Hig
WEHAERISCR . AL GFP MR 1, BFFT Sivw
FERFIFIRRT RIGATF I R 2R AT 1R 5 B R
&)t RN

1 MBE7E
11w
1.1.1 Bk ERRL

KA Escherichia coli IM109 15y J& ki i
ST ¥ . W/ K676 ¥ E. coli BL21(DE3).
A B ZEHIAT A Bacillus subtilis W600 1% BE o % B):
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Pichia pastoris GS115 H A SZ 56 2 {747

TH PGL Rk kr pET-22b(+)/pgl
T LOX FK KN (1) pET-22b(+)/lox Gk b &4
GFP FIAFEH Y pET-22b(+)/gfp FkL f AR 5256 2
R IR (8 1AM, S1 Y PGL fl 4 il
(PGL-S1)#& Ak pET-22b(+)/pgl-S1 K Sivl f
PGL ff & W (PGL-S1vl) #% ik i Bi pET-22b
(+)/pgl-S1vl My AS 5L 50 % fR A7 . pPICIK [ kL K
pP43NMK Ji#il F TaKaRa (Ki%) 28+l
1.1.2 &F

Prime STAR (HS) DNA & {f:H B4 . DNA
A BEEOR a BOR AR BOAR A L BRI E D)
il S K FF D 82 5 il 2N & 3 T TaKaRa
(K#E) e SENHE-B-D AL LA (PTG).
HAEHEHER., FIERENBEER G418 WIlF
AT TR (B#) BABRA R . NuPAGE®
Novex® Bis-Tris T il 5E 5 &% Bt F 714 5 11 marker
W F Life Technologies /A ) . — & 78 [ S v
ClonExpress™ 11 i 7 £ Wy T 75 500 MERE A W .
DNA B i 5196 By i A T A TR
(L) et A BRAE S8 BT FHAH DGR ) 55 34 1
F Sigma 2w, HothF HRGR A E = ek o 4y

x1 AXFAASIMFIIR

Table 1 Oligonucleotides used for mutagenesis

Mrati
1.2 FHik
1.2.1 Slvw @A B R AR E

24 2 RE 4 I Slvw (HNANARARHNANA
RARHNANARARHNARARAR) i#% [d] PT-linker
(PTPPTTPTPPTTPTP) i) 4 ih 55 K th 24E T A4 1.
Bo(hiw) KM ARAAESBIFH AR
PET-22b(+)/pgl . pET-22b(+)/lox . pET-22b(+)/gfp
7 Nde I #1 Xho I Mg ¥IN: s Z 18], 43 %l 4R 15
PGL-S1vw, LOX-Slvw FI GFP-S1vw fli f il (1) %
KR pET-22b(+)/pgl-S1vw . pET-22b(+)/lox-S1vw
1 pET-22b(+)/gfp-S1vw (& 1B). 3K+ pET-22b(+)/
gfp-Slvw FTRifE AR, LA 1 R Ergxs i 59
PEAT B A Wl 5t X S (PCR) 545 Bl 45 i Al 6 38 3
KR B, JFFH— 20 s b i il 22 4 Pk Ak i 5T R
pP43NMK & pPICOK 1, FRAFFEH B 2E F AT 7 e
Be Jr bR ) pP43NMK/gfp-Slvw F1 pPICIK/
gfp-Slvw ik ik (& 1B). FHHI5[4¥r%f DS-pP43-F/
DS-pP43-R #il DS-9K-F/DS-9K-R Z351# Sivw Al
PT-linker F&i5 3L K M pP43NMK/gfp-S1vw il pPICIK/
ofp-Sivw FRHERIS, FRISTEAN B ZEAOAT R S BE AR B
HRRIA [ EF AR GFP (] 1A).

Primer name Sequence (5'-3") Use
ofp-pP43-F AATGTACACCATAACGCGAACGCTCGA gfp fragment used to
gfp-pP43-R CTTTCATCATTATTTGTATAGTTCATC insert into pP43NMK
ofp-9K-F TACGTAGAATTCATGCACAACGCGAACG gfp fragment used to
gfp-9K-R TGCGGCCGCAAGCTTTTATTTGTATAGTTCATC insert into pP43NMK
pP43-F GTGTACATTCCTCTCTTACCTATAATG pP43NMK linearized
pP43-R TGATGAAAGCTTGGCGTAATC

9K-F CATGAATTCTACGTAAGCTTCAGCCTCTC

pPICK linearized

S1vw deletion

S1vw deletion

9K-R AAGCTTGCGGCCGCACTCGAG

DS-pP43-F GTGTACATTCCTCTCTTACCTATAAT
DS-pP43-R GGTAAGGGAGAAGAACTTTTCACTGGAG
DS-9K-F CATGAATTCTACGTAAGCTTCAGCCTCTCT
DS-9K-R GGTAAGGGAGAAGAACTTTTCACTGGAG

http://journals.im.ac.cn/cjbcn
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Fig. 1 Construction of the recombinant plasmids. (A)
Wild-type enzyme/protein. (B) S1vw fusions.

1.2.2 KA R BSR4

PP R % PRIBOA B VR 4 AR T s 35 2 U
W 25 mL A = (250 mL) R, RESRTRE
37 'C, FEIKE# 200 r/min, 1i3% 12 h,

RIEIEFE 4 3% (VIV) By RhEE3 AB ik e
925 mL B =AM (250 mL) AR EER SR IR,
BRI E 37 °C, 4 ODgoo i5% 0.6 B fiINA IPTG
VB, I [R) A o 4 1 ) il i 3 B ) TR
THFR

B340 PGL: IPTG 0.04 mmol/L, 30 C
TH:3: 48 h; LOX: IPTG 1 mmol/L, 20 ‘C
3% 48 h; GFP: IPTG 0.05 mmol/L, 25 C T35
24 h,
1.2.3 Slvw Ky GFP RS EEEARFIRIATE EHH
B &M

RIGF R FR S BOCHR[7]58 . RR2E AT
R 35 IR S BOCHR[A5] 98 . SE IR IR TR 55 R 5 IR
SCHK[16]5E A
1.2.4  FEIERFSCRW AP

Bl SR e (PGL)M ™ i I S )y 1 5 TR
AT

T A A (LOX) MMk, H
—EREAA, JT 20 mmol/L BEERERZZ vhifk (pH 7.5)
WU 2 W, FAE AR B 28w R TR (15
ODgpo=5), fEENS, B0 FER, % MEariar

&: 010-64807509

G E LOX i e,

LEETENCTR T (GFP) Kl Jr ik « 738 41
TR ST — AR, SR Z I RE AR
{% (BioTek, Winooski, VT, USA) i#E175¢ %58
FERGIN , 2% WA A (20 mmol/L BEBRERZE vhifk , pH 7.5)
YE R 2 IR
1.25 MEEHWZELAL

A : 20 mmol/L Bz £k 2% sl , 500 mmol/L
NaCl, 20 mmol/L B}

B ¥ : 20 mmol/L Mg £: %% ik , 500 mmol/L
NaCl, 500 mmol/L Bfms

20 mmol/L 4 pH 7.5 A48 R £ 22 vl il i
71 . 190 mL 20 mmol/L NaH,PO, 5 810 mL
20 mmol/L Na,HPO, ¥ 511R 4 -

WP PGL A1 PGL-S1071 A | Ox [
2l A6 5y 51 2 BT ARG i e TR A . P A A
GFP SR FHERNT 7 L2 0125 & SR A B8 R A2
Priftraife, RS M aE T,

PGL-Slvw ., PGL-S1vl . LOX-Slvw %
GFP-S1vw fili 5 il R FHERFE R 2T & B &R
LAY I AN & B B Y S48 ad 0.22 um g
PR SR VE N AR AEALRE S . FHZE 0P A LL 1 mL/min
I I T HisTrap 5 mL FF 4lifb ) ¥ & A S 4
AlAEEFEAR L L mU/min 3 ERE, HFHZ o A
M REE A ER, Faifbr: . Bah A
18R 430 8% 22 ik B . 60% 1 42 1Pl B 1
100%/Y 2% vl B EATH6 L BEM I IEE & B iKY
EHMAH .

Fir A5 0 H S A AT 5 mL HiTrap
Desalting ZfifbA: FHZ2 ol A LL 5 mL/min f9 i
PEAT I ER AL B, FTASEE RS T 4 CIRAT .

1.26 FBEHEKSTREAERENE

SDS-PAGE 43#, fiiF Life Technologies 23 ]
il NUPAGE® Novex® Bis-Tris, B/ B 1E LM
B LL0.1% (WIV) 5 Eh s i R-250 HE 1 4ufa,
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% Bradford J5 gk 25 B BE, DAA I
T 2R UV R s o 2 e B R EE AR e 4. L
TR PEES B Ui 5
1.2.7 BRI E 7 e

HA PGL M LR AR FREMELL 60 CT
MW (2, min) SRFIR . KLk bREL 5 1)
PGL HZE MK A TR E—a Wk, £ 60 C IR
W, BB 3 min I E R AEEE .

JE Wi 48 RS E PR T vk . 4 Sliqb s 1Y
fiti FH 2% vh i A i B2 B2 TR BE A 100 pg/mL IF7E
50 CLREL, [BIFRNEFRREG, 115 tee tp %
HESCER TR 77 A T I 4 0,

2 HRE5aH
2.1 HIngERK Slvw FHIBYI&IT

S1 2k SAPs it TERGE 1 N I i FAT fie il
AR ARE R IREM . IR s 4 R AP,
BB, BT A IREE N i Y 1 F oy 22 0
MR ik HEAe 5 R OB ZS A, I 2 &R
HB R A, R E R TR A . iRk S1
J% SAPs [fiE F ik TRE, 1 Sivw sk, 7EHH
SIANHT HL ) R AR AL (N) AT 1E Hi A /)
KRR (R), (HHAEIR S e F
A Z R AR His-tag (HHHHHH) &4 6 N4
HMR, T Sivl IwFsess R BRtd, 4 M Em
BRI RN AT S R AT i 2l fb iR, B A RSk S
= 010 S ol o s D OIS
76 Sivw NI AT A 4 NHERR (H), A& E
Sivw 12 E MR £ 41 HNANARARHNANARA
RHNANARARHNARARAR, V) fili £ 7 il /5 11
N s, BERME Eml & B r Rk mAfa ek, X
AR B AlA ) Z D RE R R4S

2.2 Slvw RS EEZRIE AL RIMIE
Sivw (HNANARARHNANARARHNANARA

http://journals.im.ac.cn/cjbcn

RHNARARAR) J& 45 S1 & Sav1 44k Ak i % .
XS AN [FI A R A L e AR
Wi, AHFEHIE PGL, LOX K GFP fi Sivw fili &
5Bk (B 1), fFERBAFR i T R IR
JtH4 GFP-S1vw TE KM R . Al 25 6L 747 7 B
IREERE P AT RS, R H R EZES . I
S1vw B X A [ g/ 25 71 AT S1vw 7E A [H) ik R G
e 35 T I AR
2.3 Slvw XA RE/EBRIEZE/FIT
R R EE RGP, PGL Mishkik, i
LOX F1 GFP ffiN ik, 43l PGL (1 A &Mk
T L LOX A4 it N il 75 A GFP 2 1K T 19 4= 41 iU 9 '
SR, Z5RANIE 2 FioR, 43 AE 3 FIEREE 1A N
sl A Slvw 5, BlG BEEE AR RIS B B A
PGL Bl (PGL-S1vw) 4 Jifl A1 1% 32 & &
JF TR A PGL Y 3.1 %, 5 PGL-S1 A PGL-S1vl
LG, ArolEdeE 1 1.2 f5F0 0.95 %, ULHIARE T
S1 F1 S1vl, Sivw R RIXZCREE, LOX Hml&
Mit(LOX-S1vw) FAE A BTG A A i 1 1.89 %
TEAH AL PR 514 F , GFP-Slvw HIZE BRI (9%
5 I /TH ik ODgoo) 42 GFP 1Y 16.22 %, SDS-PAGE
SRR S SAPs JRAHARHL, HEMST
AR E AL, U N usRELS Slvw 5, i/
EARBEEERS.
2.4 Slvw XA EEGE B 40 MR B 20
77 PGL, LOX K GFP ANfig B #% H 84
RMZHr T aifl, B TR AR AL R R R iR
o BN, AT T — PR O s
LR T)Y, SECEA R ORI
2 AN ELA TEFAER PGL, LOX K GFP HJF
XoF g ) S1vw il G B FEAS [R] 2l A A5 1 T By Ialfie 3
SRR, EAG AR 4T, Sivw 1)
3 Tl ik ) [l e 4200 31) 35 3] 55.43% ., 34.22% 71
64.35%. 1M e %)z I B AR B PGL, LOX J GFP,
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FEAR R 260 T LA R A 2 atifh, 2 iRk
I 2 BT 0 4 J5 FFX O 59 5 v i A7 A T 290,
[E[IS R 43551 R 20.45% . 26.22%711 36.54%.,

AN, BTBFFE 2B Sava & ikt BAT 4k oh
A2, gk 2 pn, MRS PGL-SWvL 5
PGL-S1vw ) [BlISCRAR T , B Sivw £R3F T S1vl
Ll fbThRe . Lk e & A Rk T an &l 3 iR .
H U2 BT A9 2 20E ] PGL #il LOX
(1) His-tag fl A B 76 AH A 2544 T R RE A alifh
GFP (1) His-tag Rl &5 i 75 5 GFP-S1vw Al [a] (1 24k,
ZAF T IR 8%,

25 Slvw XA REEEHIEEMEAI

S HAE STvw R AN [] it A S 4 R A T
FIsZI , I 24k 5 A B A B PGL, LOX Kl
Tifg 1 EL TG B P i, S5 BOR (B 4 R 5),
PGL-S1vw £ 60 ‘C N/l 5.2 min 2/ %
16.43 min, 1% 279.14 U/mg 42 55 % 758.9 U/mg.
LOX-Slvw 7 50 C R} izt 9.4 min #2H =
29.78 min, H S 1 32.5 U/mg 425 & 82.3 U/mg.
4N, 5 PGL-S1 Hl PGL-S1vl #H[?, Sivw
E— AR T PGL Y IR B Mk A AL TS Tk
(& 4).

A
14
1200 (-
I T 20
12 - 1
31000 |- 3
& E = “
= 2 10 5
z 800 z E15F l
2 Z g !
2 5 °r 5
2 600 | - 2 3
g‘ = g‘ 6+ 3 101
5 5 =
2400 2 T z
E 2 AT g
O © ~2 5
200 2L
0 0 0 [ ]
& N S & & R &
& Q@\;% v’%\ 93\4“ v %c“’@ ¢ Q'Q"\A
Qfo Qe \)O C$
B
kDa M kDa M kDa
198
98 28
62
49 17

B2 BE/EEREMNER SAPsBEERIEEN

Fig. 2 The production yield analysis of the PGL, LOX and the corresponding fusion. M: molecular weight standard of
protein. (A) The crude enzymatic activities of PGL, LOX and the corresponding fusion. (B) SDS-PAGE analysis of the

recombinant proteins.
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Table 2 Purification yield of the recombinant enzymes/proteins

Enzymes  Purification steps Total protein (mg)  Total activity (U) Specific activity (U/mg)  Yield (%)
PGL Crude enzyme 60.26 3325.32 55.24 100.00
Ammonium sulfate 6.35 257351 405.26 77.43
precipitation
Cation exchange 1.24 526.17 424.33 20.45
chromatography
LOX Crude enzyme 73.40 3908.74 53.25 100.00
Ethanol precipitation 6.78 3126.40 461.12 80.29
Anion exchange 2.33 812.76 348.82 26.22
chromatography
GFP Crude enzyme 38.60 20.64 1.87 100.00
Ammonium sulfate 2.97 13.63 4.58 66.45
precipitation
Anion exchange 0.97 4.96 5.12 36.54
chromatography
PGL-S1vl Crude enzyme 58.47 4212.47 72.04 100.00
Nickel affinity 2.76 2190.34 792.36 52.26
chromatography
PGL-S1vw Crude enzyme 60.32 4 474.58 74.18 100.00
Nickel affinity 3.26 2 416.23 800.24 55.43
chromatography
LOX-S1lvw Crude enzyme 36.94 65.75 1.78 100.00
Nickel affinity 4.25 22.34 5.32 34.22
chromatography
GFP-S1lvw Crude enzyme 26.77 57.20 2.14 100.00
Nickel affinity 3.84 36.78 8.92 64.35
chromatography
SN SN %\ﬁ 4 $%\4$
N AT AT & d
kba M 2 CT LT pa O O kpa
198 198 62
98
98 49
62 62
49
4 38
38
38 78
28
28

E 3 Bg/ERA4LER SDS-PAGE Ei%

Fig. 3 SDS-PAGE analysis of the purified enzymes/proteins. M: molecular weight standard of protein.
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T4

18 . o 4800
[ Specific activity RS
14 - 600 én
—_ — T —F— _I_ =}
o | —
E o} g
5 1400 2
E S
= 6L ,:-Ew
1200 3
[=5
o 2}
0

0
PGL PGL-S1 PGL-S1vl PGL-Slvw

4 PGL RH SAPs EEGRYH A 5 LLEG RN E
Fig. 4 The thermal stabilities and specific activities
analysis of PGL and its SAPs fusions.

26 Slvw EARREBEPMMEHRILE
B9 52 M

PR 263k R 40 b SRR 11 =B L A7
TEZES, MAABIF L, GFP it E 1, L Slvw
TEA R E i CRBAAT IR . Rl 2F FAT T 0 e R
BE)X GFP Rk A . K 6 i, fER
JFF BRI L ZEAAT B v, Rl Slvw JR2EkR
R, (AEREREEERARS Y, GFP M
GFP-S1lvw ()98 Y6k BEA AT , 1AW Slvw 7E A% 3%
TR FR A Y F s A R EFE A, (T
FARIB R EE O R R AR A R

LA

B[ Jhn - 100
30 L] Specific activity - 1 .
T 470 =11]
- £
_ 25 B 1 é
=
£ 160 =
£ 207 |-
) 51
_E 15+~ 440 g
0L . [ 13
5 120 &
0 0

LOX LOX-S1vw
B 5 LOX K SAPs BiSEERIEFEIS LLEGENE

Fig. 5 The thermal stabilities and specific activities
analysis of LOX and LOX-S1vw.

&: 010-64807509

L E. coli

o)
=)

=N
——

B. subtilis

l

38}
T

o«
T

=
T

P. pastoris
I ]

Q

<

Relative fluorescence intensity

E. coli B. subtilis

P. pastoris

6 GFP #1 GFP-Slvw EARRIRIEBEHHRIEE
Fig. 6 The production yield of GFP and GFP-S1lvw in
different expression hosts. M: molecular weight standard
of protein. (A) The relative fluorescence intensity of GFP
and GFP-Slvw in different expression system. (B)
SDS-PAGE analysis of the recombinant proteins.

3 Wik

W 23h . mRRE R . mAiik T
IR AR B A AR S ) FR B 5
Al DI RERR 2 B ARAE R — B EHE | 5 R0 2 1
o s S AL 8 E R ST A — 5 SRR R P,
AWFFEAE SAPs R ZE 0o Kl -1 12240 4
— AT i AR A e A i T R AR R T
Pt ve A G A e MO T T ERAT Sl AL Y 2 D e
2 Sivw, 35K Sivw L PT-linker 4 7E PGL .
LOX 1 GFP 4 N iy, 7ERMAF IR 5555 K I
5% 7 (0 B A AR EL, RS sl o ) 4
1 3.1, 1.89 Fl 16.22 £, H R #EA R
Prafifb ik 3] T AU R . PGL A1 LOX [ fil
A W E XS D FRA B A B W Bl T
2.16 {551 3.2 1% . # GFP-Slvw 7EAS H 2 0T
KRR A RGP RIS, KA, R 2R AT
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R RS R S, (AR R EE R
TR LB s AR A R AR R Slvw
AR — R R A ik . RRE b Anaifb i 230
AEARE .

S1 2% SAPs Fili &5 TERGE 1 N Iy B HA A2 2 il
AR MR E L IIRE . N IEfk S1 2% SAPs 11y
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