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Hydrolysis Research of Pheretima guillemi ( Michaelsen ) -Derived Anticoagulant Proteins DPf3 in vivo and

in vitro and Spatial Structure Prediction of Its Active Protein

WU Yali'?, WANG Wei’, HAN Bing"*, LI Weixia*>*, WANG Xiaoyan'**, ZHANG Mingliang'”*, ZHANG
Hui'? , YANG Liuqingl‘2 , TANG Jinfa'>** (1. Department of Pharmacy, The First Affiliated Hospital of Henan University of
Chinese Medicine, Zhengzhou 450003, China; 2. Henan Provincial Key Laboratory for Clinical Pharmacy of Traditional Chinese Medi-
cine, Henan Province Engineering Research Center for Clinical Application, Evaluation and Transformation of Traditional Chinese Medi-
cine, Henan Province Engineering Research Center of Safety Evaluation and Risk Management of Traditional Chinese Medicine, Zheng-
zhou 450003, Henan, China; 3. Department of Hospital Infection Conirol, The First Affiliated Hospital of Henan University of Chinese
Medicine, Zhengzhou 450003, China; 4. School of Pharmacy, Henan University of Chinese Medicine, Zhengzhou 450046, China)

ABSTRACT :OBJECTIVE To investigate the fibrinolytic activity and protein profile change of Pheretima guillemi ( Michaelsen ) -
derived anticoagulant proteins DPf3 after digestion in gastrointestinal tract in vitro and in vivo, and to predict the spatial structure of its
active protein, DPf3 ID NO. 2, by homology modeling. METHODS The in viiro digestive effects of pepsin (and trypsin) on DPf3
were investigated under simulated gastric empty state (pH 2) and semi-empty state (pH 5) , and the in vivo digestion effects were eval-
uated via Kunming mice orally administrated DPf3. The activity and protein profile of DPf3 after hydrolysis in vivo and in vitro were
analyzed by fibrin plate method combined with sodium dodecyl sulfate-polyacrylamide gel electrophoresis ( SDS-PAGE ) ; I-TASSER
combined with SAVES v5. 0 were used to homology modeling and evaluate the structure of DPf3 ID NO. 2, the active protein of DP{3,
and to predict its secondary and tertiary structure. RESULTS  After enzymatic hydrolysis in vitro, the fibrinolytic activity of DPf3 was
lost under pH 2 incubation, and the fibrinolytic activity of DPf3 incubated with heat inactivated pepsin at pH 5 was slightly higher than

that of DPf3 incubated with activated pepsin. After enzymolysis in vivo, only the fibrinolytic activity of gastric perfusion fluid was signif-

E SR 55 [ AR50 F V) (82104352 ) ;308524 85 BeRl-4 0045 P AT FI e 3 (23IRTSTHNO26 ) 5 3 8524 1 B 24 B2 5 42 01 AT
(TR CUEE) V2D (20232Y1003 ) oft 5§ B 24448 2 o IS5 BE 260 o A S o) o B 24 0 0095 T2 19 2 00
i % ( CXZHO3 )
PEE B S, o Pk BUEATZG0E BRSO DERRR SRR P2 AN AR R, 0, P, (R
BFFET I 2P A HHZ) Tel: (0371)66233612
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icantly different from that of control group. The protein profile showed that the stable presence of DP{3 ID NO. 2 might be an important

reason for the fibrinolytic activity of DPf3. Spatial structure prediction showed that DPf3 ID NO. 2 was a typical chymotrypsin-like

serine protease, revealing its catalytic center, zymogenic center, important amino acid residues and Sl active pocket.

CONCLUSION The combination of in vivo and in vitro hydrolysis provide a basis for the protein expression profile and activity chan-

ges of antithrombotic protein DP{3 after oral administration. Homologous modeling is feasible for the structural prediction of active pep-

tides in macromolecular proteins of the traditional Chinese animal medicine.

KEY WORDS: Pheretima guillemi ( Michaelsen) ; antithrombotic protein; in vitro and in vivo digestion; homology modeling; struc-

ture prediction
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sponding control group.

B1 gEREEFEE & DPB K50 (A) RN (B) K JE# 4 7% EHZ . Mean £ SEM
Fig. 1 The fibrinolytic activity of DPf3 after hydrolysis in vitro (A) and in vivo (B). Mean + SEM
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L2 L3 14

A - DPB3 ZPRSMK ARG IR (1453510 5 B — DPI3 2R /KIS 19 3R 1 33K 15 (B AR s M - 55 L1 ~5 - S0 2, 16 ~ 10 - 4525415 D - DPB3; P - HIR
fiti; T - B s DPI3 1D NO. 2 FrAh o # AN Sk Je 41 AR PR

A - the protein pattern of DPf3 after hydrolysis in vitro; B — the protein pattern of DPf3 in mice stomach after hydrolysis in vivo; M — marker; L1 =5 - control group;
L6 - 10 - DPf3 — gavaged group; D — DPf3; P —pepsin; T — trypsin; The location of DPf3 ID NO.2 was indicated by arrow and red frame line.

2 DPf3 Z RSN BAK A AR G B0+ = e 2 B 44 3R 79 ) B FE 6E Jik e i (SDS-PAGE)
Fig.2 The SDS-PAGE profile of DPf3 after hydrolysis in vitro and in vivo

&1 DP3ID NO.2 o9& & Jit T 45 #9 8 SAVES v5. 0 31 45 %
Tab.1 Evaluation results of DPf3 ID NO. 2 protein predictive structure by SAVES v5. 0

Protein Evaluation results
name Verify 3D ERRAT( Over quality factor A) Prove Z-score PROCHECK WHATCHECK
DPf3 ID NO.2 98.34% 87.500 0. 459 95.9% Pass
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1 A5 T DP3 1D NO. 2 iy fiEf O (i
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[e]eJe]e] (e]

FRECH A —BAE A, “RESHRR TP 54 5 07 A O AN O S 1R TS AR AR O RNZL (8 = AT, LA Tl () SR IR AR SR AR IR SRR P o

The consistent sequences are marked in red, the secondary structures are shown above the sequence number, catalytic and zymogen triads are marked with black and red trian-

gles below the amino acid sequence, respectively, while other important residues are marked with black circles below.

El3 DPf3 1D NO.2 5 3£ 4% & & %14 A(EFEa) 89 5 7| I 3¢

Fig.3 Sequence alignment of DPf3 ID NO. 2 and EFEa
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ARTIRES AL, T PR A Al A, DPE3 1D
NO.2 HPA %A B $18: Thi5-Ala7 (B +1) F
Ala218-Leu220 (B +2) P o EJEHE L : Thrl55-
Vall63 F1 Tyr233-Asn241 i@ 3 Vall F1 Asp190 JE i,
AR TR I RN B R A5 i Serl7 | His27 A
Asp190 JE B¢ it 5. = BX4A, B His44 . Asp93 F Ser191
T =T B 8 A~ Cys BRAE BN 4 4> R
B ST 1 AR W5k f HisST (ARJLHR) |\ Pro224-

LI (0 R ORI A3 1 R/ A6 =I5 I 1B ST G PE 4%

Val226 (FF PG ER) \Thr208-Cys219 (LT 21 )
1 Gly185-Ser191 ( A Fg ™ E| 75 b ) £ [, JiE &6 #
Tyr228 &f [4]; 76 S1 1% P 148 (¥ JL i, loop Glu82-
1e94 AR HANTH M EHR S, K Tyr90 2 31
T S2 WA 55 AE Tyr90 U % 75 &8, 9 14 A5 ik
Gly164C F1 Glyl64D 3 5} Thr154-Asnl73 A+ B 5 Bt
TEVEPEAL R, 5 Ser89B [ Tyr90 FI Trp210 —E2 44
BT — AN FELR) S4 WAL A o

The red, blue and orange color of ball — and — stick model showed catalytic triad residues, zymogen triad residues and S1 pocket in order.

El4 EFEa (A)#2 DP3 ID NO.2 (B) ty = Jk £ 4 by 4534k & R

Fig. 4 Ribbon representation of tertiary structure of EFEa (A) and DPf3 ID NO.2 (B)
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RIS WLIARE IS 0 B R pH R R e,
v E 22 4 2025 4E 4 55 60 55 T

M pH 6 ZiA5 %2 pH 2 2455 2 h, FHEARAE T H AR
FRBRE H pH 5. 5 ZeA ™ o ASBIRGE 43 3% 55 UAER
BIGHT ARG L5 DPI3 R RSN HE 2 RS
(pH 2) JpHE=RAS (pH 5) T RYZFR TR AL, &
B DP3 & pH 2 BF e 250 R PR 1, 72 pH 5
ZEMFT, DPI3 IS B AR R ), 2
BRGIKTE B EAMM TR SR EES
BiX DPE3. 14 B 12 21 4 41 /K 0 PR B2 i 4/, pH
(X DPE3 {3 1 A E RS

FGemt s 22 R MRS e 1) 75 2R B DD et 2
JIR ALy AEL R P o 4 PR MU A T s TE i S R A
THALSE % A, I, W58 F SO A T A A e
X, T DP3 fE pH 2 & fF T ek PR TE 1L,
AWTFE% %K DPI3 7 B AR HEZ IR /N UE S/
Ha LT 1, 2 R RS 0 BREA AR G, /0N B AR
DPf3 1 h Ji5 A3 B F0E I WA £ 05 1k R R 3
S, ATREH TR EORAS T, 25 W Wl Bz i A
18, FUIRZSW) 1 h RS 70 25380 e R 22 18 W i R
ENMH B
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K F SDS-PAGE #:%%8 DPf3 RN AMK )5
125 1 B [ AR Ak, 1 T A A AR 1 B A A8 4k, B
TE R LT TG SR B £F 105 R 119 2% 2ELRE Al 1 B 1 3R
IR HOX AT AL, DPE3 ) MR 1 B 43 DPI3 1D NO. 2
PR EFFTEE N DP3 HAF s Pk py s, 5Pk
ST AR, HLE A B R
2154 H (earthworm fibrinolytic enzyme, EFE) 1] A
X4 1 TR 24 Y e 1) R A i DA e R X d
/N b B2 I MRS I, A IR B P SR B AR
.

BT S 2 BRI U3 (R LR A2 E R X T A
PR AR B AT RS B S i
IRAR B VIAHOC L 22 KA P 9 3 50 ) A= ) R P E L PR
Y S E A G g K P IR 2352 W 22 Ik I
WA G2 R BEE 2 RS A B F T
il 15 R 22 KA A T BIL R 0 A i O P 22 KO
K ARBEFHET DPI3 1D NO. 2 () &L T 91 ik
FTIRJE AR, 32% EFEa %f DPf3 1D NO. 2 ) —%% .
SR AT, DP3 1D NO. 2 £ )& T A i1y
BEFLIREE 1 BEAE 22 2R 25 1, 55 MUY Y 22 SR
BB TR Y BT &E E R 3 AN EIAN
FA) VBN, s AR X I 5 FIR i e /N A D0 T -5 e iz
Ui TheS-Ala7 FREESS G, Ak TG SR IC Y 255, ™
A AN A G REXT TR ST TGP AR/ ik s
Tyr90 [ #6) G2 A W] sl xR W] J5 22 F T ff
DP(3 5 ZFP Y /R S AR T
5 & #

AMWTSE LA P B 451470 M A% 2 1 DPE3 g iF 5%
XGRS KAEERSE DPI3 24K N S K fiffa
HHE 1 RIAIE Mam A, & B8 B R DPE3 Y
BARL AR KRG Y2 a4/, pH {E X DPE3 1)
TGV A BHESZ AR, DPI3 1D NO. 2 % e A7 7E
5y DP3 EL2F 7537 4 7% 1 2 Jt DA 3 i [ g S A
SEFTN, A 3L DPE3 1D NO. 2 J& T 38 p 5 7L e 2
B 22 S IR A 11 T, 4 7 U A b0 AR D o
L, 4 DP3 1D NO. 2 352 FTAS A 9E e 5 Z Rl )
AHEAE B0 5 SR ARG . AT 58 2 W] o i~ At
P+ S0 R A T sl W2 v 24y s R A i T 5
VISEnl Ay, sy b 2 sl Wy 25 R 03 ¥ 3 B R s 1 2
IR FE R 77 3o
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