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Abstract: In order to establish a method for analyzing the distribution and localization of disulfide in re-
combinant protein by specific protease digestion combined with MALDI-TOF/MS. The pET22b ( + ) pro-
karyotic system was harnessed to generate recombinant protein of human plasminogen kingle (rhKS)
which was purified by Ni** — NTA resin affinity chromatography. SDS — PAGE and Western blot analysis
were used to identify the recombinant protein. The disulfide bridging conformation and dimensional struc-
ture of thK5 were predicted by 3D-JIGSAW Comparative Modeling Server (UK) and the disulfide bond
distribution of thK5 was confirmed by orthogonal enzymatic digestion and MALDI-TOF/MS. The seconda-
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ry structure of tThK5 was analyzed by circular dichroism. Enzymatic digestion and MALDI-TOF/MS analy-
sis demonstrated the presence of disulfide bridges among Cys462-Cys541, Cys483-Cys524 and Cys512-
Cys536 in thK5. Circular dichroism showed that thK5 adopted the shape characteristic of a B — sheet.

Our studies provide methodological basis for analyzing the pairing and distribution of disulfide bond of ge-

netic engineering recombinant proteins.

Key words: genetic engineering; recombinant protein; protein structure; disulfide bond; matrix-assis-

ted laser desorption-time of flight/ionization mass spectrometry ( MALDI-TOF/MS)
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AR His-tag BOUSAE SR ST REDL AR, BRI 4R
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LA K5 4 cDNA B4R A PCR Y7 EEY 35 A
VSR Kringle 5 25K, 7€ EcoR 1 | Hind I AbFS
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FEFERRIEM; pET22b (+) /K5 BB AR IBTE
EHi E. coli BL21 (DE3) . IPTG 25 CiESEHA
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BEMR S 4 ) BTk (MTT 35) # ™, a4
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BEERE, — MO B R A NS XS T R
MALDI-TOF-MS il € H z M Z R A#HEiT 0. 1% ~
0.01% ),

& 3D-JIGSAW & 1 R 45 H B4 2 ( Cancer
Research UK London Research Institute, UK, http. //
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EEA R S AL A, WA thKs —
WA Kringle 25443809 T8 BUIE L o
1.5 rhK5 982 EFIF0 32 SLEG Y

AT iy hKS B RS IR T LS
MEAGTR, JEH 500 pL B0 % miE (50 mM
Tris-Cl, 1 mmol/L CaCl,, pH 7.6) ¥%f#, Bradford
P EE R, B 100 pL EEEW, IA—
%2 & Trypsin Gold (i, 1:50), 37 C/K¥A 16 h,
2N HFY) . #E Trypsin Gold ANV JE AYIR ¥
A—E &1 Endoproteinase Asp-N (Jfig bl 1. 20),
37 CAKI 8 ho HABGYIBONMIYISE S , HHEYI)E
IR AW S n, —&R, F—HhIInAZ% 3
pL R =42 W, 60 CKIBL 10 min, FFIIRA
B (ARFELFREMEFRENEAR) &
BB TIH R E AR T, 4 ZipTip pipette
S, SER (o -8 -4 - BERNER)
1. 1 ¥5R4A, RAYWHEE:HT MALDI-TOF/MS
3T,
1.6 thK5 22 @ 45a0E — @ik o

B_E3R SE 0 2 O vk g4k i) thKS B 25
mmol/L TRERIEW (pH 7.4) #HT 8 h J§, F JAS-
CO - J =810 [A — & & (U 7E 25 “CIEIR T~ &H CD
W (185 ~260 nm), BEEME 3 K, BEHEH
755+, F 25 mmol/L BRI (pH7.4) {ER=S
xR, IRIREERENE AN RERE R 0.5 mg/

mL,

2 % R

2.1 1hK5 BRIEAURTERE

IPTG 25 C LR ¥ 5 BL21 (DE3) /pET22b
(+) /K5 BARRK, HMERMY % SDS-PAGE
kOB IFHE DR 2 a0 ER (B 1a):
IPTG 535 4N 24 % 7 M) 7E 13 000 40 B 825 5
Fik, B FARAEHEBE S N - His Bind Resin
w4 CHALREE, BAEMBENALEH 6 1
His-tag WEAEH, WREBHAFAIBEED
thK5, FHEEI G RGBT KR, 4551
WRAALEEAEHLMER L 95% ., BEAEAM
Pi His-tag PUIEIEITE B B RBEELE O, BnF
B B s Zescli (K 1b),
2.2 thKS 00 A 20 P B4Rt 1) Bz 408 R Y 7R

M2 %R ExR, 55X A (hKS KR E N
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Fig.1 Expression and purification of K5 recombinant
protein, and identified by SDS-PAGE (upper panel)

and Western Blot (lower panel)

crude cell extract before IPTG induc-

tion; 2: crude extract after IPTG induction; 3. Affinity-

purified K5.

M: protein marker; 1.
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Fig. 2 Inhibitive effect of X5 on the proliferation
of endothelial cells
Values represent the mean of three determinations ( + SD.)
as percentages of control (n = 3, *P<0.05, "*P<0.01
vs control )

2.3 rhK5 —ZR 45 M6 TE

R pET22b (+) ZIRLE MR SR H iR
AL AT, thK5 EEM N - KA1 5K
PR IELMF S (NH2-MDIGINSDPNS-COOH) , C
- Wi PR B BRI B R4 P 9 K 6 x His $R%5 ( NH2
- KIAAALEHHHHHH - COOH) , ] rthK5 — & 4%
¥ (EIEBRIFF)) WK 3A Fis, FHRIE IR 5%
FZEE 79 2 B 3K 4 42 ANTHEPROT 4. 3 -2t
rthKS 25 [ A X 2 F B & 4 B A 12 834. 08, SDS-
PAGE BJKEIER/R (B 1), SEARREML,
XA AL E 5 IS A — 8, #F— R MALDI-
TOF/MS JEH4 I & thK5 F& [ A0 40 F B2 - 518
12 826.70 (L, 3B), SDS-PAGE F1 MALDI-TOF/
MS AR o35 B2 40 BT BORUE SS B Y K5 K Hze
MREEE L T — A5 (FERFH) RIEF.
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Fig. 3 The primary sequence of thK5 (A) and its molecu-
lar weight determined by MALDI-TOF mass spectrometry
(B) The amino acids of thK5 were numbered and arranged

in numerical order as them in human plasminogen

2.4 thKS5 == [E| 5100 £ WE RS

%% 3D-JIGSAW 25 [ Jit 45 14 B 48 2 htp: //
www. bmm. icnet. uk/servers/3djigsaw ¥ thK5 23 KM%
FPBVIATG , SHATEEEIR T 5 1 M A0 1A 2 [l 5
T, W RasTop Version 2. 1 #3515 HinZE
H I = A5 0N B E DR s s, s R s
(B 4): RARZREERKER thKs 2 Hfe
TIERRE &, AT R EIREE T IE
HRBCX & H B L 3 > Wi, 3ok Cys',
Cys™ T Cys™™ | 33 b5 WFAE T K5 5298 Kringle
ZEA BT 0T X — B,
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Fig.4 Primary structure model (left panel) and tertiary

structure model (right panel) of thK5 The tertiary structure
was predicted by 3D-JIGSAW. Three disulfide bonds ( yellow
cylinder) linked by Cys" ™ | Cys™™™ and Cys’”** were

shown in the tertiary structure model

2.5 ZWEYIEES MALDL-TOF/MS 4 #f thK5 &
H Wiy 1R K Kringle 4510 SE B
TER FH A WIAE B 2 B0 7 VA1 258 0E thKS BB
23 [A) G5 A R 2R I, SR A2 XU H G UIBR & MAL-
DI-TOF/MS BE—30# — e i 5 040 . W50

T A Trypsin Gold ¢S B0 7 Lys (K)
Arg (R) BU¥RZEEM, W EEE - ASP-N 5711
EINLEFE X (BEMIRE) -D (Asp) HIEEM,

N3k 1 fras, thK5 & {4 Trypsin Gold JE 1L
J&, B AT LS EIE S i Cys483: 524 BT
HHAENT T A 3 916.20 (FH ANTHEPROT 4. 3
e %) B Mk B, B MALDI-TOF/MS 73 #f
rthK5Trypsin Gold {46 ¥y, WESEAFTEREHAAHX 70
TRRE N 3916.773 2k, Ry HARKEB (&5
Al); R TCEP 3543ib it thK5 Trypsin Gold JH 4k
Y5, MALDL-TOF/MS [ % & 7 A8 % 2 i &
3 916.773 WK B e, AU DL AR X A F B E
2 069. 662 K 1 848. 488 AT M HE (E S5 A2), H
WEEBIZE thKS B E Y Cys™ 55 Cys™ MIFEE—A
B o ‘

thK5 £ Trypsin Gold 114 & HE§ — ASP-N
A MY P ) AR IR JFARZS FE JFORAS T 1y MAL-
DI-TOF/MS |83 AR I ¥EIESE T A AP —
ﬁ%@ Cys462;541 %ﬂ Cys512;536 %Eﬁﬁ%}& ( [g 5 Bl %n
B2), MTHHEA K5 2 %8 A 450 E# F Kringle 25
e,

#£1 THANFERE kiingleS £5 Trypsin #1/8; endoproteinase Asp-N JE I E Bt

Table 1 Fragments of interest after thK5 digested by Trypsin only or followed Endoproteinase Asp-N
Enzymatic NON - REDUCED REDUCED
digestion FRAGMENTS MW FRAGMENTS MW
e ATTVTGTPCys483QDWAAQEPHR 016 ATTVTGTPCys483QDWAAQEPHR 2069.2
PP NPDGDVGGPWCys524 YTTNPR “ NPDGDVGGPWCys524YTTNPR 1848.9
ATTVT GT‘PCys483Q o447 ATTVTGTPCys483Q 978.1
- DVGGPWCys524YTTNPR ' DVGGPWCys524 YTTNPR 1465.6
Trypsin Deys462MFGNGK Deysd62MFGNGK
+ | 1628.9 871.0759.9
Asp-N DVPQCys541AK DVPQCys541AK
NYCys512R NYCys512R
| 952.1 554.6399. 5
DYCys536 DYCys536

The molecular weights of the peptide fragment were calculated according to their amino acid sequence with the software of AN-

THEPROT 4. 3

2.6 rhK5 Z[EIZHRE — @i o

glifb ik thK5 25 [, 7E JASCO-J-810 [& — & i
1 145 185 ~260 nm &K AN RFEH R, 7EZ 230
nm I — AR b, BB B PSR,
¥ (e 4 i) o

300

AR IR B2 PR 1 S B I I Y R TR
3, AT Sea i T thKS BRMRFS, il

—3 A o R A 4 B 6 ANTHEPROT
4. 3 B4R BRIS AR X 43+ T & FE i MALDI-TOF/
MS A58 I s S B AR 6 20 B B 2 IR A — Bk, AL
T B B 11— H A R IE AR & LBt
TE— R s B IR T 5 e nt_FoR A S BB
B (3D-JIGSAW &M R4S BUE ) W T EA
HERYEWEHE, TN RERT BinEE K
23 [ A5 A S B T o

AWM B EEAT I RERIZE U thKS 2B Cys B
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Fig.5 Mass spectrum of the fragment from thK5 by MALDI-TOF/MS
Al and A2: The expected peptide fragment of interest generated for hK5His protein digested with trypsin alone, the disulfide bond
of Cys*™*™ confirmed by MALDI-TOT mass spectrometry under non-reduction (Al) and reduction (A2) ; Bl and B2; The expec-
ted peptide fragment of interest generated for hK5His protein digested with trypsin followed by Asp-N endopeptidase, the disulfide
bond of Cys'™**" and Cys**** confirmed by MALDI-TOF mass spectrometry under non-reduction ( B1) and reduction (B2)
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B ) % (30 FW B HE AT % W0 20 Hro I8 A Trypsin
Gold BA b -] 8% Trypsin Gold 5 Endoproteinase Asp-
N ZESCEEOI 7720, WAk vhKS B 7 AR i H A

BRI RE B M - F R B AN 1 s, SeE iy
thK5 SEEE) S A9 thKS, %2 MALDI-TOF/MS 43445
BIBEE . N 3 Fin, SERE thKS BARNS 43 F 5
N 12 826,70, 3% 5O thKS M4 F B &
12 834. 08HH4F (iR# <0. 1%0) , L EATEYI Y thKS5,
FEARRFARAS TR 3 916.7 1% (& 5, Al), 78



B5H

BARES . 3 U YIECS MALDL-TOF/MS 437 S 41 28 (1 — i 68 507 O 7 A R 5L 99

—K5
15+

10

CD [mdeg]
w
1

180 190 200 210 220 230 240 250 260
wavelength/nm
Eo E ko Ea ASFETR
kringle 5 H — L EEHAHHE
Fig. 6 Secondary structure analysis of purified
rhK5 protein by circular dichroism
The far UV spectra show that thK5 have characteristic

B — sheet spectrum with a single broad peak around 230 nm

SREURAS TR 5%, Tt B 2069. 6 71 1848. 4 3%
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Cys541 J Cys512-Cys536 WrEEFERT 3
Wik, B b M, B thiKS 1y =
gkl g P&, HER S Kringle 454435
BT g B — T R EFM TR T
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S8, ARXTA TR RS A AR il E R
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J5 ki T B R R AE T MALDI-TOF/MS 3% g6
FERA I E B R AR T R, ERR R R
0.1% ~0.01% , {EXFREHET, &HRSHXT
NFIREZ A ——XRRR, ERIR PRI
REAR 25 2 AR SR A X 43 BT 2 A el LA KB, 1A
FARIEAR NS 43T BB AL AT AR B AR 41 2
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WIER AT RO AE T . IR B SEIR R
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P EA VRS o
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MALDI-TOF/MS ¥EHFSL T thK5 4 F 94 4 Cys 2
ERECTER M . A SLIRIESE T 96T rhKS H4H 2K
H—REE T . EEEIRITSVHED . AEX 4T R
T NS (B 5 TR 2 IE R0 RN, Badii
W JEAZ R S IR R ARAS 1 thKS 2R B T SRR
Kringle Z5#4 o 3 A — 2B B MBS Kringle 45
55 thK5 BN BER RBEE T i kA, R A,
ARBFFEMNETRIFAEE . SRR AR T B
FROF P AL E O R I, B
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