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Design of Linker Peptides and Its Application in Fusion Protein

LI Jianfang', WANG Chunjuan', WU Minchen™
(1. School of Food Science and Technology,Jiangnan University, Wuxi 214122, China;2. Wuxi Medical School,
Jiangnan University, Wuxi 214122, China)

Abstract: At present,the genetic engineering technology has become a hot research topic to modity
enzyme molecule. Fusion enzyme technique based on the fusion protein design has been used in the
construction of multi-functional enzymes and has shown the important potential application and
theory values. As an indispensable component of recombinant fusion proteins, linker peptides have
been shown to be important in the stability and bioactivity of fusion proteins. According to the latest
research progress in recent years,the general properties of linkers derived from naturally-occurring
multi-domain proteins, the classification and the advantageous of the linkers are summarized in this
review. Finally,the key problems in the design of the linker and perspectives of this field were also
discussed.

Keywords: glycoside hydrolase, fusion protein, linker peptide

BlEEE B SOPRBE T K el 295 — 2R REMEHEALHE  PATYE R . AR NN 4E XMl N DI 27
B /I Aigp A TR O IS Al T 4 2T Ak R T A 2 2K A B- 4 W Y I 4 5 A 4R R R A H iR

K EH . 2015-01-09
EEWH: HEARBAES VIO H (31271811),
EEEN: 28195 (1965—) , Lo VLI TEB N, T+ B0, i+ 58 4R S0, 32 28 NG AR I BOR 05 TN A 5% . E-mail :1ijf@163.com
*EAEEE: BHUR (1962—), 55 ILIR BB BE i1 B W 0h o0 A S0, RN TR S AL DR AR 5 AT
E-mail : bioch@163.com

AR5 d il £ S 2015 £ 34 5% 11 5 [EEH



LI Jianfang,et al: Design of Linker Peptides and Its
Application in Fusion Protein

SREBE R AR IG5 o W K Al AL T e
YT BE2 AEAR Z Tl U A A T B R
FHPL, R BF 5 2 A ) T 30 2 B AR A
W2 RAYEBR TR 5 T RS E A st s
il B AR 28 1R 437 Wi T RR (0 AR 5% PP, 3
B AE E B B T AT U A
[ L B 7 Fh AR A AN Rl Y S RE

HAMGEANEETZNNHNER  ANEA
AR . 2H R R AR P e Rl 5 S ™ I B 2D
RESRBEATHEFRIN , 12 R 2B O T 2 AR FL )
T 36 3 ) 2 42 SO A R M, LA il 5 B P 9
TR 2 5 B 2 W, A D RESEAS S 4 IR Lt
TRl 2 SN RAVR RS 5 A AR IT
B AR AR . DI, PR B
TR TR E AR E B, R A
TOWE K ik T S 4 JIK Y BT 2 R Dy ik — 20 AU A
SR 7K fife it B2 4L D7 vk VAR Ay L Tl 1 s
’MfE%

| R E SRR

55 A A R R L, R R G Rl i
PR A s A D BB, X S 7 R T DA% 4
FE VB ] DL Sk A 50 A Dy g, An £ A 3 1]
A AE 8 PR A W TG PR S X AR 2 3R
Hh i B IR AT I 9 BT LA A AL WA R R R
IRt S %

George 58X 1 280 4% K AR HE RIEAT T 05T,
XK | R IERR W I K RS M AT T A
WEFEHE 3% 82 O K By 10.0£5.8 4> 22 5 1R 5%
B, I AR 4 R A R I 43 Ry R R 3% 2 K (8%
FeH.21£7.6) AR (BR L EL.9.142.4) /A
PR (BRILEL . 4.5+0.7) , FERIRBET /K fft g b i
FE KPR B AR AAR K, — el 6~59 2R 5% A0,
Ak, George %538 2L 1158, K LI A TR K2R K
N R 95 R A SR RN 4% 2 Tk e 52 5 it 1) 1 I
BRI, b R s BT e i v 1 S TR
AR AT RE S PR HFOR A B 1 1 e &0 A Bk 2 B 1
T 5 50 SR 1Y SR, DT B AR T B K
5008 A BRI . Rt I 2R 1 A7 AE T
DAY T 37 422 R 0% WP TS5 R kST, HE — BB R SR
T 7K ik B o 2 I A I R ) AR AE N AE H R
R AL ZE A R S oKL B WA B (CBM) Z

[B] 4 3% $ Ik (TTTPPPVSSTTTTSSRTSSTPPPPGGS
CTQLYGQ)M A SR WE i i AL 45 5l 5 CBM Z [H] (1)
% 3 Bk (PPLATEKDIPSL)™, Couturier 25 B 57 i) —
A E B N Y H # B BT PaMan26A Hh— B 42 ik
(PRPPHDINPNLN) , fifi & R o7 H K 1/3,

RARAEHE ORI Z PR 10 Z 9454, 0 o158
i€ B-Hr & M A MR B AARAE . 7E George SFPRY A
FEH,38.3% 1) K AR VEHE KR T - IR E — 451
37.6% IR B-Ar & A 5, R A i Ror 5%
FIR B 3 IR L A9 5300 R 13.6% 1 8.4% . K T o
YERINE - G 45 H 1 o 2 I RT LA AE Sy O B Al T AT A%
b B S B s, AT B AT 2 IO B AR
FH 5 2 42 BRI A 11 1 W 25 4 | Al BB e IR i
F R 23 0 1) T I R T 4 im0 e /b
] ) AH B

2 AR S

2.1 EEROSFEITRE

¥ Rl 2 TR 0 A ORIE Y il B R B E
WA B 5, 45 F 2R 0 R 3 P4 A TG 1
W BSE 3 A1 328 2 B AR E LR B AN 51 . 1) 4% S Th g
Y 22 BRBEAS 1V AR 5 Rt S 0 A 4T S B g
LRAE — R T B i T M G 2) KA TR R B
R ¢ o RPN T T 0 O N 5 e 121 K VA E T )
SO TR PR R B e Ah BT B R AR
Oy 7% EAR RN #Eak gk R ERUR TR, —
BN R, 22 KRE 0 0 R S 45 4 SR 47 38 24 b B
I, SE U AE S 7 3 B A AT DA SRE G A [R) 45 b SR 1 1 A
T, BT LA 51 i 22 K AT LA S B m A i Y kT 2
kB,
22 WItEEMNIAESHERE

VTAE K | BEFE X [ 9R 2288 13 A 4 Rl
T 2 BRI 9 B R TR A | 38 22 RCBSG J22 1 AL T B =2
P R o 1 MR TR g o, e B
AR 35 1R Sk S5 el 10 32 2 O ) B 150

Crasto % U & i 7 — F 3t 52 0L 2 7
LINKER., A4 5 1 i) 3% B2 IO 91K R i ik # 1
e R A S BT UL A 3 e A — RIS
PRI R 2 KT 91 2 02 R BSCHE PE f s v7 J E T iX
BERB . FE X552k IR 25 H s NMR ¥ T 25 44 v
JIT WL 2 (WA 8 )7 51, AR A Pl BE S 7R il A 2R 1 PR
F—Fh Y A GAE B IR, 2R R L TR

jhP”2 JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol.34 No.11 2015



Eh| 3 E. EBEIKG %I B RSRG TR

5

TRE

MR ISR & E A JF Bt # e g s IF 7
Z W] B I A\ S B, LT A A X TR S 5
AUEHE o X SRE TR A PR 7l A A W B 2 5T
UK 23— AR R A A T H nl PUd i 40 ik
uli 17 (http . //'www.fece.edu/research/labs/feng/linker.
html) ,

75— R AT Web BYFE P U204 T — M f) & i
T R 0 B8 122 OF $ 88 T 48 R 512 (http : //www.ibi.vu.
nl/programs/linkerdbwww/) , 18 ZRE LA & JLF £ 1A
KA, . PDB fUHS PDB dii Sk i B BE ¥ 5
A LM A R AN A AR AT LR
P I 91 DL AR R b it i T DL A fR
B PDB AUHS PR EE A f] 2 DA JREE b
JRHY AL A HE TR AT R A T
DU 2R BAT BT PR B PP 91, AR 98 22 Bl 2 1 v 3R
FHEE T
23 EERGE

LT A S il A 1 O e T 2 A RO U
— PR R ZBE A Z WA, — Rl &
R BB, WA 2 SRR U T LR R AT
Yk — WE K ff W 19 CBM fill & 2= B - H ER M
AuManSA 1, FL% £ KR O B FCAC S £F 4k Z K fi
Ml RIRAEAERY 5 53— LTTBOTA SR A
PRI AT 1+ 1) Sl A3 > A FR 28 PAY U0 T T ) o7
SRR AN HE AR RIS 20 oo— T o Tl i [R5 A [m] oA 5
SERKA P 2) SR I HE S E A PCR HOAR | Bl G 7
AFED A s KR AP IR A Lu 55 ABIFFE 45 R FITE LR
BAF LINKER, 5 28 11 6 4% oo— B E % 422 IR 22 1 1%
FERK, 5 H 52 5ROMh M 5 TR 55 R R OpE Tl IR A A
N
24 EERRESE

Hily, fERRZEEAPE KRR ZELIK,
I THERGE . A PR E B LBt
Kt FA AR Py ) R4S b B 38 42 IO T B 4
e SHIOEARE 0 3 U IR e S A i e S
P B U O ORI 1 T R 2 K
2401 FHFEEK YEHENIIBEEZ AT E—
SE AR EAE ], A LA Ve 4K, BN — e
AN AR PE S IR (N H R ) B0 AP S R R (A
2 FIR IR ATR ) AN /N R FEIR T RE$R BER 1k
4% 34 2 1) T RE SO L AH 40 DT B 4 i A 45
VEFH o T A P 2 B P 22 5 R A 9 2 I ] LA 55 7K o3

I AR, AU AT DRI 3 22 R K TR R
S T TR U 0/ 3 42 R AR X RS, AR
ek 3 4 BROT WA WIPE S5 4 {H & AT DUFE R — 9
Bl ORI R DU RB I Z M A BE B . Bk, ]
DA 8 3 M 3 B IR K B L A B F S B AR
WA E M BT, R N T i 3 M
JIK 32 B2 S R M 22 G R B e 2 A (GS i 4
IK), dRe B () — 451 5t 2 B Huston 55 A4 H 119
(GGGGS), (— Mt n<6) 75> il it 8% &G 5 n,
At GS 42 JIK A9 K B A 45 ) R 38E >4 43 I 5l ff
FRERIE R, XL T B4y —Fl «im FH % B
K7, B P TE T T AR (GGGGS),
(n = 1~3) % B0 R WEBG 5 AR MG 17 A5, 25
R, Hoh A 3 4% 19 I 1 0 G il 2 0 L
DIReTs ok .

FERE AT K flf Bl LG Bl v, — M2 ol MR
Kk, & B T Aspergillus nidulans XZ3 1) %
man5XZ3, H4iihi—&F CBM1 ) 25 5%
W Tl 2 42 R B Ay T 2 SR R O S TR 1Y) 2 M T
K245 N Trichoderma harzianum MGQ2 " v B 3 ik
H 9 H 2 BT ThManSA | Hok #22 kot b & & 2%
2 R 5 2 I 1) 22 1 0 RN, A S M i i I A 3%
orae st RA R Z MR H Bl THkZ 2 W
W B e Z 8] T — a2 BRI, — 2 Sk
R IE | R T 3 P A R e T BT AR A 3Rk
o A YE R
242 WIEEERK NI E IR A ST R
W) T REE W E R R S L, fEREIENT,
AT H ARSI B RS 1) RS54, T LA e b
i 42 K BB A R0 K T AR SR TF IR AR R E AT A ik
SEATIRE o YDA A B 1 2 (R4 Tl A B AR
SE PRI 3 P 2 O H LA el mT LA 426 I
K

George S5 SWFFEIN R VF 22 KK B WIPE 14 4% ik B
B o BRBELE AL, — M T A A AR 1 P R R R Y
P o B85 % 42 K (EAAAK), (n<6), i THN
A S H A BB T, o SR ELS 1 2
W 4 5 H R A8 19 . Minsup 2525V 51 I 22 1 i 1%
K (GGGGS) FlII M % 45 Ik (EAAAK) 3 452 7 > 73
BIRUE T AL 4 o AR Rk P A M B
SRS URUE WY A LG TR AR A P, WM o e R
Rl B A B B TR A BUAR K 4 v T R

AR5 1t £ 510 2015 £ 5% 34 5% 11 19 [RERN




LI Jianfang,et al: Design of Linker Peptides and Its
Application in Fusion Protein

PR RS R AR R B AR, R
W 322 422 K AT DAAT 265043 5 D g ek, AT 4 45 il 45 2
FIS 8 FEAREANEY . Guo S5 5l H 3
A% K (GGGGS), (n=1~3) AR 7% £ Ik (EAAAK),
(n=1~3) ARG A H 2 R, 2 i, NI
P T Bz K H2 10 Rl il 28 R T A 1 AR R E
Arai 55 P B ERIE AT T WM E KT S A
(EAAAK),A (n=2~5), ILiE A & o IR TEM S, 2
B R B ) A R - s R A R AR E Y
Guo 55N 1 1 JIKFH - H % ZROM i AR A 3R 0% il 174
B R R A T B XU BE S P 5 LR
B IR BE B 0, w0 A TR RO AN W 4R
o, NS A R BGA B 4 R R RCR R T
B, XI5 AT DLl 2 EAAAK /9 5 52 EOR
Ja il 235 R 2 1] 1) L

Ty — P WIPE o 4 R 28 A A I R 1 T 4
(XP),, X ] LI WAT B —F IR, 1M George 551
IR X RN AR AR, S E RA AR, 73k
BT ) 3 4 BRI R O A TR R LS R
JEH AT LIS (A SO o B PR R, B
I =0 114 3 2 0K (XP), 8 R AV 3 2 K 1 7 ok —
SRR, O 29 uE 52 BA B 0 0050 88 1 G 1% A
PE I FLTE VR 22 AR 22 45 M 3 1 R A by i 42 s,
WTEAR 22 K AR B 41 4 R B AR R b, (PT),P
SRR B GE AL ES CBM, JF H 2 &Rl
Xif £ 2 RN TRBE I B A 45 L EEMVE . Kavoosi
% P 7E CBM-GFP filt & 1k & b Hdg 17 % WL i)
(GGGGS), ., (PT),P F13d & 1155 HL 4 B 111 SNy,
K R, SRR,
(GGGGS), EAMNAG i g I Eg Y&, 1 (PT),P
H1 SN B 5 AR I 10 2 10 8 114 o vk 4 P
243 KRR TR MR K R T 2L 00 BEK
ZHATEWRA T, —BAH TG B E, [
T T T I 4 K, A A ) R 9 B8O 23 AR A B
fiff o X RS 1 L % ORE D R s 1 A — AR A
H—FEAGrF, AR R AR Z UL, W
FEA L 2 I A (R BT 2 — S I A (1)
S ALFE D) Re I B L B, A T R R BEAIG, AE
A TN G N e R B - el 11 /TS o W U R
FIBACI A kAR 45 FERXFP G &0 T, W] DL | AR 2
il 325 2 UK AR U0 2 D R I, LS AR B KT LA
U /s (Rl BHL B8 v A2 W 0 O R KR IS

SEPRASAN D RE S8 0 T AR

TER P R b —Fhpl 78 40 B 58 10 7 02
BN SRR 2 S RO A o8 i (S TR i S RS VA
T2 AL 2% o R B 5 A T 300 5, Chen 45RO
BTt 1 — b 4 Rl A AR AR R AT 2 Y e Ak
WiZe B K, DAAR UE R B0 1) 39 P SR A 3 0 Y
W GSEG IR, X Rl B KT LUE T 2 A E A
FlA A A AR AR N 23 2 D D R Ok 4 i B 2
TRIT AR 145 2 T A B0 ) 8 1 5 40 3 1) 245 1K 8
I RHAE A ) 5345 . B3, Zhao SEPMETE T —Fh
KLU F AR EREIK, X2 — 7 T4 % —a2b
(IFN-a2b) FA ML 12 F (HAS) Rl 5 2 944
PN AT SR () B ) A R XA I AT S AE T
A2 I A R AR R B B A — o N R DL &
— R R 3 WA T AR T 43 WA S BB KT 81
e I /U R S U NG AR O B R =N A
B 3 2 [B) (1 28 3 R 50 4 25 B, O L AR A 1 1Y
Rl B AT DA B AR B AR R 3R A
2.5 EEBAIINEE

TEE A Rl G R IR R A 1Y D) RE 2
DRI M B H (0 32 1 B ORI P R ) B8 2
TEH SR 0 4500 T8 T B SURE I (n mT 24 A i 2 1K) o
BRUL SRS, R WAL T ZIRAE D)
fig, b ande & AR Wy sk B R AR
251 RGgwsZkaird b EHKA
DL R A 1 I AR R O AE DR A5 A 1Y 58
e R B AE R, AR DL A A
R VAEE S U P DIV e S L R
B UE B AT DL AT v SRR M Ak R A K
(EAAAK),(n=1~3) 5 ¥ % 4 ik (GGGGS), (n=1~
3) I I B 5 0 AN A 5RO Y ST BE Al
MR FEAR AR B IR Z 5, I A5 2 A 8
1) e T R A TG PR A5 ) B 3 Y B L SN
Aspergillus nidulans XZ3 Wi I R L T & A
CBM1 B H #& BB ManSXZ3 , 4 1% $2 B #4501 &
BRIR G KB IR E AR 25 i AEBIR B A
FEAERR, K TR xynAS27 RO IR B AR e T R pH =
TE PR AE %
252 Rgméskanikii®: HTHEARSW
Bz AR AR s, G S AT RE 2 A R A
B, NI B A R IR 5 17 3% 422 K mT DAAE A5 91
B2 RO 2 BE B 0F B ARV E A S M S

jhPZ] JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol.34 No.11 2015



Eh| 3 E. EBEIKG %I B RSRG TR

ERALRIR

PRt B AT DR — A Gl i T H R 38 i 2 Al
HHIRIE R, Amet FEPUEIREE 2K (H,), 1A
B UL 1 (T Ry S mb i il B v, 25 SR
ATV KR R G AR T LA K Rl A R
PR ek i B i T 8A

253 RamsEawAyEn @WETMA
P B UL b B B A5 mil s 2 1 n] AR 310k A 4%
AL B AT i AR s M . SR, R REJE B T gt
SRR IR 3 3T 25 5 B ATTAH I 1 45 A 2R A B4R
2 FE A AR A Y RZ A P TR X R T
LT DR B AR Al A AR R AR IR AE S5 A
B 1A 4 2 Y BR R R D TR S S O
JE T AR PN RR TR0 U0 5 1 ) R S DA T B s A A 1
Bili - A SIS | WA I K B SR Il - AR R
it Fh 5 W AR IS MR R, T TESR AR IR Z S il
ARERI TN EETETE . Jin 58 ) K RO G
Cel5Z 5 AR RHMEEG XynX fl& B &I, 45 Cel5Z 5
XynX AN %2 iR ml & o, filvs B SR S 6E A
WPE; MK Cel5Z 5 XynX HE & £ AW MR & R
) 34 422 JOR O 2 6T Rl il ) s OB RS M L
A ST 7, Bl N () 455 b 46 2 R) 3% 2 R B 1 4
S B T O 0 M 2 AR R D XU K 2
SR 45 K 3R 5 BB Y AT T 1 1) A 20

SEHk

3 = =

5 R ORTEAR LL , Rl I A 2 0 TR D BE Lk
e I LA A A2 IS TR P R IR 51A
TE— € P2 b A n] DU B 3R O BEIE Bl 305 3R
FRAN R E W P2 i e R B, RV
i 25— Bt B R E © A Bt T AR [ 2R
O 2 0K, E X T HG G B 5 A 452 B A 0 3 B
B, EZBEA BT R, TS A
B A TR S A R S T Y I 1 O S R &6
Fy AT & B B R T LA B B R R I
R KRR B WY 2 )5 SIS 2 e L
TP SRR . 1) FF ZBOTREAR R | AFTr
THT A 72 45 4 3 s (] 20 25 AR Y B AR IR AP 28, O i
PR BEPE BT PRI BT R AR 5 2) T XA
2 JUNQUEIN AL (I NEDIPOE T (ah d-b Ry [ Rk
KAWL PEATHT ST, T LLdE 3 X5 £ fi A~ F
NMR £ A 2 4 R BEA T B R A B G5 A4 AT, I ]
DA 2l 328 12 J0k iy B BT SRR 1 . B 2
TR A AE MR IO A R | il 3 IR 132
TN EE, RS T eEqmail mg
S UIfE  EREIKB T A REM R B2 e F A A
ARE S AT I | ATl LA R T B 4 i R

(1] AR, VREAT b [ OBl 7K A 5 B b B B B BL D], AT LAk 27 ,2006,26(8) : 1052-1058.
YU Huilei, XU Jianhe , LIN Guoqiang. Application of glycosidase to glycoside synthesis[J]. Chinese Journal of Organic

Chemistry,2006,26(8) :1052-1058. (in Chinese)

[ 2 1 X3, Bispora antennata 5 i) =/ W5 /K ik il 35 D9 ) 5 e 5 265K D). b s i = el B 24 e, 2012,
[3] 8 T58, KM, RA, 5. BG B0 BRI BT ST kR (T]. A9 TR 2442 ,2012,28(4) :393-409.
HUANG Ziliang,ZHANG Chong, WU Xi, et al. Recent progress in fusion enzyme design and applications [J]. Chinese Journal

of Biotechnology,2012,28(4):393-409.(in Chinese)

[ 4 ] Gokhale R S,Khosla C. Role of linkers in communication between protein modules[J]. Current Opinion in Chemical Biology,

2000,4(1):22-27.

[5] Chong P A,Lin H,Wrana J L, et al. Coupling of tandem Smad ubiquitination regulatory factor (Smurf) WW domains modulates

target specificity [J]. Proceedings of the National Academy of Sciences of the United States of America,2010,107(43):

18404-18409.

[ 6 ] Shastry S,Hancock W O. Neck linker length determines the degree of processivity in kinesin-1 and kinesin-2 motors[J]. Current

Biology,2010,20(10):939-943.

[ 71 Yuzawa S,Kapur S,Cane D E, et al. Role of a conserved arginine residue in linkers between the ketosynthase and acyltransferase
domains of multimodular polyketide synthases[J]. Biochemistry,2012,51(18) :3708-3710.

[8 ] George R A,Heringa J. An analysis of protein domain linkers:their classification and role in protein folding [J]. Protein

Engineering,2003,15(11):871-879.

AR5 1t £ 510 2015 £ % 34 5% 11 1 [REA




ReVieW LI Jianfang,et al: Design of Linker Peptides and lts
Application in Fusion Protein

[9 ] Takasuka T E,Acheson J F,Bianchetti C M, et al. Biochemical properties and atomic resolution structure of a proteolytically
processed B -Mannanase from Cellulolytic Sireptomyces sp. SirexAA-E[J]. PLoS One,2014,9(4) :¢94166.

[10] Wang J,Zeng D,Liu G,et al. Truncation of a mannanase from Trichoderma harzianum improves its enzymatic properties and
expression efficiency in Trichoderma reesei[J]. Journal of Industrial Microbiology & Biotechnology,2014,41(1):125-133.

[11] Pham T A,Berrin J G,Record E, et al. Hydrolysis of softwood by A spergillus mannanase : Role of a carbohydrate-binding module
[J]. Journal of Biotechnology,2010,148(4):163-170.

[12] Song H Y,Lim H K,Kim D R,et al. A new bi-modular endo-B -1,4-xylanase KRICT PX-3 from whole genome sequence of
Paenibacillus terrae HPL-003[J]. Enzyme and Microbial Technology,2014,54:1-7.

[13] Black G W,Hazlewood G P,Xue G P,et al. Xylanase-B from Nrocallimastix patriciarum contains a non-catalytic 455-residue
linker sequence comprised of 57 repeats of an octapeptide[J]. Biochemical Journal, 1994 ,299.381-387.

[14] Couturier M, FeliuJ,Bozonnet S, etal. Molecular engineering of fungal GHS and GH26 beta- (1,4)-mannanases toward improvement
of enzyme activity[J]. PLOS One,2013,8(11):e79800.

[15] B, BRal A, ok . A 8 % 2 IR A B ST JR (0], 2R 9 TRE2# 41,2000, 16 (4) : 92-94.

YAN Luying,CHEN Jianhua,ZHANG Xinguo. Research progress in the linker of fusion protein[J]. Biotechnology,2000,16
(4):92-94.(in Chinese)

[16] X ks W, i 43 5L, 6. 79 A5 AL B BE BT A - DRI 5 BE DR A b A 5 3R D). AR R ,2008,13(2) :514-516.

LIU Zhigang, YU Weiyuan, WANG Xiang. The construction and expression of two humanized scFv-urokinase fusion genes[J].
Biotechnology ,2008,13(2):514-516.(in Chinese)

[17] Crasto C J,Feng J. Linker:a program to generate linker sequences for fusion proteins [J]. Protein Engineering,2000,13 (5):
309-312.

[18] Kabsch W, Sander C. Dictionary of protein secondary structure : pattern recognition of hydrogen-bonded and geometrical features
[J]. Biopolymers, 1983,22(12):2577-2637.

[19] Tang C D,LiJ F,Wei X H,et al. Fusing a carbohydrate-binding module into the Aspergillus usamii f-mannanase to improve its
thermostability and cellulose-binding capacity by in silico design[J]. PLOS One,2013,8(5) :e64766.

[20] Yang H Q,Lu X Y,Liu L,et al. Fusion of an oligopeptide to the N terminus of an alkaline a -amylase from Alkalimonas
amylolytica simultaneously improves the enzyme's catalytic efficiency,thermal stability,and resistance to oxidation [J]. Applied
and Environmental Microbiology,2013,79(9):3049-3058.

[21] SR kAR SRR, R TF 45 ARG - H 5% B G AL 6 55 8 Linker 816 B H AR % B pKI1S A1 2L 523K 0], oh [0l
Fl2#,2013,46(22) :4774-4783.

ZHANG Xianwei,ZHANG Guanguan, WU Zhenfang, et al. Peptide linkers optimized recombinant enzyme gene of XynB-ManA
and its co-expression in pK15 cells[J]. Scientia Agricultura Sinica,2013,46(22):4774-4783.(in Chinese)

[22] Huston J S, Levinson D, Mudgett-Hunter M, et al. Protein engineering of antibody binding sites : recovery of specific activity in an
anti-digoxin single-chain Fv analogue produced in Escherichia coli [J]. Proceedings of the National Academy of Sciences of
the United States of America,1988,85(16):5879-5883.

[23] Bi~F. WUTIRE B - MM - RRMETG S5 B - #) M - A R 6l 6 1 00 P A 2 T UG~ e M 23 BT [D]. AT Wi LR 2
2008.

[24]LuH Q,Luo HY,Shi P J,et al. A novel thermophilic endo-B -1,4-mannanase from Aspergillus nidulans XZ3 :functional roles of
carbohydrate-binding module and Thr/Ser-rich linker region [J]. Applied Microbiology and Biotechnology,2014,98 (5):
2155-2163.

[25] Lee M,Bang K,Kwon H,et al. Enhanced antibacterial activity of an attacin-coleoptericin hybrid protein fused with a helical
linker[J]. Molecular Biology Reports,2013,40(6):3953-3960.

[26] Guo N,Zheng J,Wu L,et al. Engineered bifunctional enzymes of endo-1,4-B -xylanase/endo-1,4-B -mannanase were
constructed for synergistically hydrolyzing hemicellulose[J]. Journal of Molecular Catalysis B: Enzymatic,2013,97:311-318.

[27] Arai R, Wriggers W ,Nishikawa Y ,et al. Conformations of variably linked chimeric proteins evaluated by synchrotron X-ray
small-angle scattering[J]. Proteins : Structure , Function, and Bioinformatics,2004,57(4):829-838.

[28] Wriggers W, Chakravarty S, Jennings P A. Control of protein functional dynamics by peptide linkers [J]. Biopolymers,2005, 80

jhPls] JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol.34 No.11 2015



Eh| 3 E. EBEIKG %I B RSRG TR

(6):736-746.

[29] Kavoosi M, Creagh A L,Kilburn D G,et al. Strategy for selecting and characterizing linker peptides for CBM9-tagged fusion
proteins expressed in Escherichia coli[J]. Biotechnology and Bioengineering,2007,98(3):599-610.

[30] Chen X Y,Bai Y,Zaro J L,et al. Design of an in vivo cleavable disulfide linker in recombinant fusion proteins [J].
Biotechniques,2010,49(1):513-518.

[31] Zhao H L,Xue C,Du J L,et al. Balancing the pharmacokinetics and pharmacodynamics of interferon-a 2b and human serum
albumin fusion protein by proteolytic or reductive cleavage increases its in Vivo therapeutic efficacy [J]. Molecular
Pharmaceutics,2012,9(3) :664-670.

[32] Lu P,Feng M G. Bifunctional enhancement of a 8 -glucanase-xylanase fusion enzyme by optimization of peptide linkers [J].
Applied Microbiology and Biotechnology,2008,79(4):579-587.

[33] Li N,Shi P J,Yang P L,et al. A xylanase with high pH stability from Streptomyces sp. S27 and its carbohydrate-binding module
with/without linker-region-truncated versions[J]. Appied Microbiology Biotechnology,2009,83(1):99-107.

[34] Amet N,Lee H F,Shen W C. Insertion of the designed helical linker led to increased expression of tf-based fusion proteins[J].
Pharmaceutical Research,2009,26(3).523-528.

[351 AnJ M,Kim Y K,Lim W J, et al. Evaluation of a novel bifunctional xylanase-cellulase constructed by gene fusion [J]. Enzyme
and Microbial Technology,2005,36(7):989-995.

[36] Lu P,Feng M G,Li W F,et al. Construction and characterization of a bifunctional fusion enzyme of Bacillus-sourced
B -glucanase and xylanase expressed in Escherichia coli[J]. FEMS Microbiology Letters,2006,261(2):224-230.

= W fHF =

SWARFEN): 2015 EBERLGRERESEWREERZRFITS

Jr4h H 5. 2015-12-13 ZEg {1 . 2015-12-14
e . BT R X LAt . VR (A 4 el

FINRAL . P EAY A S Y ST A

ARINEAL: F R L AR ) el

IR N BT i

Ik A& HLGE . 021-37792288-922

E-MAIL: shootingy@163.com

2 . http://www.cspp.cn/cp9—1_more.asp?id=1519

UL S T R [ A S 24 [R5 A A D T 4 SR AT 9 R R 5 R ok R R T ), BRI R 2 A R
2 AR ST T AR 52 e, FRATTHLE F 2015 4F 12 A 13 H R4 E 13 H B4 R R (s I E JF 2015 il R 1
“ZG [ IR S A A E PR AR 2 LR ERI TN 52 S 5 &4 . ARSI b EM Y RIS o T AR s
5 T G IR ) T R A R A R R SR I S IS R S BCKE T 22 6 [ A A A DG SR Y T FRAE R 2 RS ST R
B AR BCR WA T R R AT BB AR 4R 48 2

SULF . YIRE B AR R IR A A R AR A R S R TR A 2

AR5 1t £ 510 2015 £ % 34 5% 11 13 [REA




