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Abstract

Blocking effect of Early Pregnancy Factor on red meat NeuSGe-
induced antibody production in CMAH"- mice

The meat of mammals such as cows, sheep, and pigs are often referred to as red
meat and is an essential animal source food in our daily lives. Different eating habits
make red meat intake associated with various human diseases, such as cancer,
cardiovascular disease, type II diabetes, hyperlipidemia and hypertension. There is a
large amount of evidence to confirm that prolonged consumption of red meat and its
products may increase the risk of developing tumors and cardiovascular diseases in
the human body. In recent years, studies have found that there is a potential
carcinogen in red meat, N-hydroxyacetylneuraminic acid (Neu5Gc). As a special
antigen, it can be modified on the surface of human cells through various ways to
activate the immune system and produce antibodies. The sustained interaction
between this antibody and antigen triggers chronic inflammatory reactions, further
leading to the occurrence and development of tumors and cancer. From this, it can be
seen that in the process of Neu5Gce inducing chronic inflammation, the production of
antibodies is the key point that triggers the disease, and the production of antibodies
depends on the auxiliary effect of T cells. If T cell activity is inhibited, it will have a
certain impact on the activation of B cells and the production of antibodies. If the key
pathogenic link of blocking antibody production can be achieved, reducing the
chronic inflammation caused by the continuous action of antigens and antibodies, It is
expected to solve the meat safety problem caused by red meat Neu5Gc.

It has been found that early pregnancy factor (EPF) can reduce the expression and
secretion of CD4" T cell adhesion molecules, down regulate the activity of T cells, and
prevent the fetus from being cleared as a foreign body in the mother. It is considered
to be a mild immunosuppressive factor. It was first discovered by Australian
researcher Morton in the serum of pregnant mice and is currently one of the earliest
biochemical indicators to confirm maternal pregnancy. Currently, it has been widely
used for early pregnancy diagnosis, fetal testing, and the treatment of autoimmune
diseases.

Given the unique immunosuppressive function of EPF and the mutual activation

relationship between T/B cells in antibody generation, this study aims to explore
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whether EPF can inhibit Th cell activation and hinder B cell antibody synthesis,
thereby reducing chronic inflammation caused by the interaction between antibodies
and Neu5Gc. This study first cloned the nucleic acid sequence encoding the EPF
protein, induced the expression of the sumo EPF recombinant protein (stEPF) and the
EPF (10 kD) protein that removed the inhibitory region through a prokaryotic
expression system, and purified the EPF antibody; And verify its activity at the
cellular level through rosette inhibition test; To investigate the effect of EPF on
Neu5Ge induced chronic inflammation in mice with CMAH gene deletion as a
simulated human model animal.

The results showed that stfEPF and EPF (10 kD) proteins were successfully
expressed and purified, and high purity and high specificity of EPF antibodies were
obtained. EPF exerted a better immunosuppressive effect by inhibiting the formation
rate of rosette and its binding form in vitro. The animal model mediated by Neu5Gc in
red meat was established, and EPF intervention could alleviate the slow weight gain
and shortening of colon length in mice. ELISA results showed that injection of EPF
significantly reduced the level of anti-Neu5Gc antibody, the contents of inflammatory
factors IL-6, IL-1B, TNF-a and MPO activity in vivo. HE staining showed that the
pathological changes of liver and intestinal tissues were alleviated after EPF treatment.
Immunohistochemical observation of CD4 cells in mice showed that the number of
CD4 cells in EPF group was significantly lower than that in inflammation promotion
group, and fluorescence quantitative results showed that the number of B cell
activation molecules CD80 and CD86 molecules in mice after EPF treatment was
decreased, indicating that EPF may inhibit CD4 lymphocytes. Intervention of B cell
activation signal transmission, and then affect the production of anti-Neu5Gc antibody
in vivo, reduce the body inflammation caused by red meat NeuSGe.

In summary, the EPF antigen prepared in this experiment has an inhibitory effect
on the production of antibodies caused by red meat Neu5Ge, which can reduce the
level of inflammation in mice and alleviate the inflammation caused by Neu5Ge. This
provides a new research approach and effective solution for exploring and solving the

safety hazards caused by long-term consumption of red meat.
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EE e FEL AR HH AR

Amp Ampicillin ANEER

EPF Early pregnancy factor S

ELISA Enzyme linked immunosorbent assay B HX 28 W Fft 5256
LB Lysogeny broth LB 1555

PCR Polymerase chain reaction RE MU= B
PBS Phosphate buffer saline T IR ER 22 PP
IPTG Isopropyl-B-d-thigalactoside B AL
Neu5Ge N-glycolyneuraminic acid N-#2 L 42 2 IR
ManNAc N-acetylmannosamine N- Pt H 55 4 i
SA Sialic acid LR

PAF Platelet activating factor IR R
HCG Human chorionic gonadotropin NGRS ER
RIT Rosette inhibition test BUORAE A )15
DNA Deoxyribonucleic acid it SE AL AL TR

CDS Coding sequence W HE g X
gRT-PCR Real-time quantitative PCR SEI 5 B PCR
ALS Anti-lymphocyte Ptk 41 i s
rpm Revolution per minute oy B

PVDF Polyvinylidene Fluride RAWR L)

SDS Sodium dodecyl sulfate R R RN
PAG Pregnancy associated glycoproteins  #F-#RAHICHEE H

HE Hematoxylin-eosin IIARFE-TRAL

TNF-a Tumor necrosis factor i 98g SR HE [R5
IL-1PB Interleukin-1p HARE A 2=-1B
IL-6 Interleukin-6 H 40 %=-6

MPO Myeloperoxidase B A AL il

Tris Trihydroxy methyl aminomethane % iRy R Y
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FRAL TS T T2 K0 . Lash BOISESTE A AR /N Bl 14 G SRR G 857 70 A [R) 50 9 s
EPF &1, 455 RW, ASFE AR SRS AR 2] EPF 35, 1 ML /N0 A
A5 BN52021 REFHWX —1E R, BRI o\ Sy 520 BIRE T8 4 1 /NSO BR1 - 77
LA EPF (G B IN S0 AN R RCR A IR R, T N 20, Fir LA
SRR AR R A T BIFRAIST ., Cavangh 250815, 2K 74 2 fiTE R,
5177 EPF-A 1 EPF-B. 5[] EPF & PR 22 BEAAE 3 PR Fi N5 DR S 18] 70 WA 1T
SAGON A JE I EPF 245 Kt O BLO0 810, BT GEARICIIUE, 20
JREG EPF SRR 8, (2 H AT ARIE SR, K434 # I\ EPF (AR B 22
B PR B 601,

oy



B KiGE H2F PRRTHAREES 5

2.2 RRERTHITIRE

2.2.1 GEiEI1ER

FL 2 B 2 7R 22 0 L S 0 1T 37 v R I — B S s 0 Th e 1 B
(o1, EPF X JE AR HE N T AR H 3 A 5 B 16293, IR IR E MR 22 BEAA g 4l
NHNEDIG, AR BHA A GO AR AMEY — FEHE R IR, IR T EPF %
PRI ThRE, FEMIHLA S R AR IIHERR, B DAY EPF W50 ok S 2
I — TR ] 1 RO

Noonan X} /)N SR A& P 525G, &I EPF RERS A T Wk L4 p A 5 1B K BYHE i
JB(DTH) , (KA EPF (@317 CD4* T 41 & IEMHI Thag . ASka #3245
FEARSMATE T, FRWT EPF W P90 50T /N Bl ook E28 4 ff 14 5 P s e, 45 SR 5
EPF AJ 5 7515 (R 1) TOpk E 400 A 2B pcloS) . afifh 2o 4 if 35 BT 49 EPF iV, I
1% 1 HCG AR BT )5, 0 L EAT BO AR ) S2 56, &I EPF 5 1E4)
G3 AL R BT 0 T 0 Ik A0 B A # R AR A, 1f EPF V& 1Y) G4 TR e ik
I FEARIK E S REAM B AN NG5, BEUZAM A SR EAH G, NS
EPF i 4 43~ 1) 771) 8 0 HG 45 ) 1) 2 () R AT A6 91901, Tgarashi 45 1A A EPF 4 411
HIVEHARZIR T FEASHB IR G4, 522K 7 OB S A JE R Thy12+
I Lyt 1- 18 15 200 i & #E4] D e Lo

TER S AR B R A SC 50 v, R RS AL B2 S V35 rEPF &, Al DU 3 e K
TR R A VG I 6], WEW] T EPF See i (578 71, #0d) 1 HLR B Se e HE e
J o Zhang %68 F 3k () & 41 EPF T TG & fi6 & (EAE) /N B, 5236 3%
EPF F&AIC T #1148 2 Gt (0 ibk R 40 B R0 S R 20 i & &, EPF A 52 7] 2 A o 2 e 400 o
TR AW EGR I SN IR A A, HLE 41 EPF 55 Vehicle ¥697 fltL, =41 EPF JAJT
5 VR CEL 20 P PR 8 R 6 A O 23 PR 21k 52 B4 (09 70

2.2.2 AKFTER

W ST LR A0 L BE 0k EPF o Xt i JR 2 i AR AR A1 85 JR N Al 21 EPF )47
e, YA Ma G GEAE 13N OB BEsS, EPF & & W35 NI, RIULHEN EPF Al fg
5 A i AR K BT G . BEJS AT EPF SRR AN 21 Ji s 40 i, iR
MR AIE R PUREESE EPF JUIR S R A INT ~ &, KW EPF —E R Efeit 1
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B KiGE H2F PRRTHAREES 5

iR 240 M A 1,

Ouinn K A YJER/IN GBS 70 A MEJE 8 b, Al i 35 % I B 22 PR 1 RO 474, B
I ()RS HL s B b i, B 48 h N IA B . R ARJS FH EPF ¢ P9t
PRAE ISR B8 /N B U /S SRR JEE 4 200 T 0 ) i BB B A1, W7 I EPF 7E T
ARG (AR B 23 T DNA A s Fn 4 i 73 24021,

2.3 BRRETHImARRNH

2.3.1 HEURE R HHS W

H AT, EPF Ay BN ORI AR AR 2 — o DFFIESE, /NRACHEC )
6 /NI, Ay KB gRTE. AT TN24 NI BES AN HY EPF 3EPE, A2 JE 48
/NIRRT HY EPF, I35 4E 6 A H AL T MBE A, E LR AEYRIF 1R 8E R
77, AN EPF i VEBRIE T RS, DR H AT DLAE P22 B R N e A 21, iy HLH %
E RN, 5 HCG AHEL, Rl 1) EPF F I A) BT 5L, PRk w] LS B SRS
A BHARSE YRR, AT B, BB 2 — AN A 8] 4 0] A W B PR 22
T oL, BrelIE I EPF X AN S f b 5 224 0 m] LUK KRR T 4 e 4 R 1) 41 5 e
[] .

G S A I BORAEA G, X 2R A2 SR AT T RIS, S5 Rk
B, MR 20 RNZEFEMZE IEAAAE EPF 3G, 1 H EPF WG PEARX FEE, 5
RPHEREZE, WERHFREUY. Fan 0 EPF /E 0 B 22800 1484, 22
YIS AR R 88.6%, (B4 S I EBRAEIA BRI AF AL SRR IR IE A% &
Uz PIRT RS R, DR 7 iR A DA

S FPURGURS 7 1 SN 1 4 58 2 BRI L5 7 EPF X177 7% A W U di
H. HALPLAETRLE 1 70 W EPF 8 A (IR B A S PTAH IR, S 37 XA et
ELISA 5 1% 48 (BB AE M1 090 0S EEAS U EPF % 1%,  ELISA A A< BH P4 A6 H
FREE ST RIT 565, HAEGRGENRESENEE 2. 2005 4, FIRTE AN
2R Y 52 DA B A P PR S BE DR ST 1 UL O ELISA TV R B
e T A 58 H B AS H 3 . ELISA J7 i 2 LTS ST € [ 45 S A v kAt 45 %0
FAE T HIBEAR SNAE Y SRIGARYE XA i P B A A ) T AT 52 1 AT 2 O T
Jiik, HANTE BRI B AR I R R SR BAAFER 1 . B e wmn R AEF

11



B KiGE H2F PRRTHAREES 5

SR, E T SEBRM A . @I EPF RSB AR AT DU IR A 22 A i i R
EPF, tBREMRYE EPF fEEIR N & BN, FE IR IAETE L, X A53)
YU g2 W A R

2.3.2 FRAAHY IS

EPF XJ WG IR 22 4776 HA EEAE RS, Chengl™ X 4210 iF 31T EPF
m, RKIEAGAET: G EPF S8R b, BEE N R EPF & & 5 X A AH
. B4R H BPF K5 E8HA G JLEIIE OB VIR, 328 O GRS IT 4R 73 i EPF
BEA ¥, EPF B3 W& HERE WA MR IR AE T B WA KGOl AR,
EE R A8 JE @5 RIT W52 EPF 3GV rT AW SR AR TS, FE S S48 MG 147
BB,

Athanasas-Platsis 38 1 BB AE A 296 K IR fE B2 4 12 h Ji5 1L 37 o ) A6 2
EPF i 1% WEJGAE T B0 I EPF iEPEIZ MRS 2Kk . X O L. R
ZA L AR 5 B 2 Ve EAT EPF MR, 45 3R W] EPF 3% J AT LAVE IR G 9
TR AE, HIrHT 5 d EPF SRR A4 BY, Uil EPF tHA] AR SE IR IR
PR IR B AE AL FE B Shahani SR 1 BB BOR BRI, JFARYE RIT
TR JLRIAEIE 26, 45 SRR I R U 55 7 BE X AE 90%,  FAVE S I VA7 s %
FOTRMAER, DR L I R i b EPF MAS (k. AT DA R B R i 2 75 B
SRy R LA SRR BEAE 2 S 2,

2.3.3 PR RIS W

LA T 25 4 EPF S T 3E JR AN 5 9307 IR PPAS . B S Morton 76 52 4L
BESE R 825 1) L35 h R RIT S50 32 X335 1 EPF, Bojahr B 7 2% 6 [ iE
i N MLE W FEAER IR 2B R 7, FARZERZARTHEEZHEL, LA A
R ZA R A 912 W 8 B M 1) B B AR AR 2 — o Fan X 45 Gl I BURAEFR 401
RIS M M 2 200 B AR B B LY 45 R R I8 L RIT A U506 4 ¥4 772 40
IR B IEW A B 90%. TR A& <55 NI H @ € EPF 1) RIT (EA BT
WS e . RV A I0R . BE R ER LA R 1 AR, T R R A
B . BAE I EPF IR BATEYE, A0 EPF 1R A o 4 i i) — 73 34
Yy, e ATl EPF AW e B R AR 5 R R . INZA 1A I Hh 43 B Al A ) R
SR BPF Pl Il & FE e i, FIH BPF 5HPiAR AR LG, @iy

12



B KiGE H2F PRRTHAREES 5

SEMMBRIERE G, KA RIS IE PR 4 KB AN E, KR
SEME BRI, TERNEST R H Y, (B PRN H J5 TH 7 P SEARIE S

2.4 HHEBERWIBIT

EPF f& — iR M S et 22 1, ol F 9 T AN SR ThRe. S
Y B S R A #E R (EAE) 2 —2KH 55, 2 CD4'T 4T 1wk
ZRGRIE, WX 2R ERAE (MS) BF 7T E SR, B 70 il f e v
SR BRI 7 2048 F EPF, 45 W] EPF XF 2. 181 EAE MG IR R I S
fihfe, JFHIELLM IR ER 50 ng HZAR T )5, ReEiR 2k 2 KR4 1 K
Wi, —MNANBASHEEREN; F18% MS shYRK+, FREREES 10 pg
[ EPF &, K3 G SLa ik & e S5pTFmRBHRITE,
MS BFIRIT R U T P S 241840,

25 ALBMRFEHRARENX

N T BRI A 5 NeusSGe g HLAT RO Refa 3, AMiTdEd 2 F
BRI AR A ) NeuSGe & BT, BATZ A MM ITEA R . 1E
Neu5Ge 5 KM PERAE A R, FUAR B0 A2 51RO O 8E /L, T Ui ™
AT Th i 5 Bh . (E NIRRT, KR0S #0 il K7 — B 22 ] 7
(EPF), B &M T 4 i) is 4k, a3k 1M T 7 B 40 f = AR HiifiX — SC f B
T, HHEMRIA NeuSGe 51 & 6 A2 4 XERIL,

AT E KA G A G e . REER LA, EYATE
R AL 3RS B G B AN IS M R E 4L EPF, 78 40 M /KPR 7T G g 4 T Bk
J&, PL CMAH R k2R AR B AR ALY, $R5F EPF X Neu5Ge i
RN IE JIE I RCR, R A A S & F 20 P SR 1) 22 A e SR —
IR A 4 S OB 7 SRR RS AL R e 5

13



o RANE % 1 FEPFEAZ AW RBAR R

F_m MRAR

% 1 E EPFEEERAMEZFTIARDL

NHIE R B Z4 T EPF XL A NeuSGe 5121 CMAH /N R 44 77 2E 1)
BHIETAF 5T, A< &R 4> 7 e BERR JF % R 0A EPF AR, YIS 38 Tohnss
[f] EPF BUJR . J6%F A\ EPF tS[X (CDS) BEATAMI(E B0, 785 F 55 h
NI SUMO {2 #4525 F1 His #5345, ¥4 EPF ZE[H 5 Jf % R 1A # /& pET-28a
B, DA EEAUR, BRI s SRS, @ SRS
A LIL W EH stEPF, /)5 SUMO BgY)3k15 H 8 H EPF. 74b, N1 3R
KEN) EPF §ifk, FRATITE EPF Jfidh X7 I BLAT b, Jeds 1 gnfidh G s 4k T
B PA, Fidd T e B M AR R A AR, RS EPF B aEHE, A
NS A A 1 SRR VBT B A AR 0 25 AL

1.1 #H

1.1.1 5|

i# I NCBI W s 38 BUA VR P (9 EPF L5551 (J8 %5 : NM002157.3), LA
CDS X FFoU/E N H R, FEFFFAIR) N i i\ 2 2240 2 R (6xHis) 1 SUMO
febrgs, BT AN stEPF. ] Primer PremierS.0 # {44t E R 514,
AN Neol Rl Xhol BABEVINL i3, SIVIEPESE WA R, HARFHIaR .

#x 1.1 SIEFFS
Table 1.1 Specific sequence of primers
EIkVEAY S AU AL R FPl 5°- 3
stEPF-F Ncol CATGCCATGGGCCATCACCATCATC
stEPF-R Xhol CGGCTCGAGTCAGTCGACATATTTC

CCAAGAA

14



BB MRAE %1

=

EPF L& & 69 R &L B il

1.1.2 ERFF R

E.coli DH50. « E. coli BL21(DE3)

PL N pET-28a R IK i ki N A SLIG = B AT

1.1.3 FE&H]
HAREGR WA 1.2,
* 1.2 FEXAR
Tablel.2 Name of main reagent
Ewal VS|
Ncol Fl Xho 1 H A% TaKaRa /A ]
DNA T HE H 7 TaKaRa 2 ]
JRE [ Wi i ) FRARAEAA PR
N 5E-B-D-I A ALBE T IPTG Sigma A A

Protein Marker

DNA Marker

BCA 5 BRIk &
Ni-NTA

£ [E Thermo scientific

JE5 R T AR IR 7
b33 2 KA AR BT
5% [ Qiagen /A 7

Ptk EH R EAEDRARA R
FoAth H ) bR EREE. RIELRS
1.1.4 FEXH
FEAIEIE 1.3,
* 1.3 EEU|/BM
Tablel.3 Name of main instrument
DE i C I 3
38 PCR 1Y Jt 5 Eastwin 2 ]
A T8 B0 2% [# Backman Coulter 2 ]
TR R Z%[® DENVER INSTRUMENT ‘A 7]
HE AR 72:[® Vilber lourmat 2 ]

s TS

AT A

15



o RANE % 1 FEPFEAZ AW RBAR R

T i e s KT H A SANYO A ]

TP IR RS — XA A 7]

H-S W2 KOG UE R 4t %X DNR A F]

37 ClERE TR TSR AR

% DI REREAR X F[E Teen A F]

M B B O L 2 [E Backman Coulter A F]

1.1.5 FEEXFIBCH

1) S0xTAE: HX 12.1 g Tris El4&, 1.88 g i) Na;EDTA«2H,0, ddH,O ¥4 fi#
J&, B 2.35 mL CHsCOOH i1k, EZZE 50 mL, {§ ISR 1xTAE.

2) LB A Rs 982 FRHEL 0.5 g Yeast [H /K, 1 g fJ NaCl, 1 g K
Tryptone, I 100 mL ddH2O Ji5 i K b o [ 44 55 77 R AR VR A s 97 2 o N 35
iR

3) SDS HLUKZE P : SEHk 15.1 g Tris, 5 g SDS Al 94 g Glycine, A 800
mL ddH0 e, mIGERZE 1L,

4) 1 mmol/L IPTG #% 5 #): ¥ 2.38 g IPTG A T ddH,0 1Y, 740 VA iR
JEIEARBREE, A EURAET - 20°CUKAR

5) PAGE Ztaif: ¥ 1 g 1 R-251 [E4AMAE] (CHz) 2CHOH H i #4fif 3
Wif#, M\ CH3;COOH JGE&ZE 1 L.

6) Mt : B 10 mL C,HeO 5 20 mL ZFRIE 4, 1A H n 170 mL #
ddH,0 E %

1.2 A

1.2.1 EPF HAEYE BF5HT

F| A Prot Param . Prot Scale. Signal P 4.1Server . Net Phos3.1 Server .
TMHMM Server v.2.0 {3 EPF & H (£ 5 B #EAT R 98 40 19 20 i S5 i

ok
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o RANE % 1 FEPFEAZ AW RBAR R

1.2.2 EHBEZRT srEPF EANEZEE

1222 HIEF PP 1

UL EPF H LR AR, g PCR 7Y ¥ 75, PCRAARWIEE 1.4,
P38 J5 A HE DNA R [T 70 & A 3 B I 2% e el K 4tiAk J5 (%) EPF
H P B 5 pMD-18T 7o B K%, 16 %E DHSoEZ 3, BT EE T M LB
AR b, 37 C%AF FHEFR 8 h-12 h, IEHUAEKAGILEF I B — B V8 31T PCR %
€, HE ) JE fir 4 8 pMD-18T-stEPF

< 1.4 PCR REBIERE &M

Tablel.4 The system and conditions of PCR reaction

Hoy AR (ub)
cDNA 1.5
5% (B 1.0
S CH) 1.0
2xEs Taq Master Mix 10.0
ddH>O 6.5
Total 20.0

x 1.5 mRERARERER

Tablel.5 Ligation system for cloning vectors

D% EFAR (D)
Solution | 5.0
B IET i I 2.0
Bk 3.0
Total 10.0

1.2.2.3 pET-28a-EPF ik 5 b (A #) 7

(1) B 5mL EHiten) LB 87k, 7 4% pET-28a( + ) i ki f1 pMD-
18T-stEPF Btk 50 L, 37 ‘CEAMF FE:FR 12 h, KIRFRRBGAR S fE, B
PR A 5 TR E RN o

(2) ¥t pMD-18T-stEPF JFURLAN 23 i K ] Neol FH Xhol MY, KRR

17



o RANE % 1 FEPFEAZ AW RBAR R

7 1.6 WEBYIH R R A%

Table 1.6 The restriction enzyme reaction system

S ILIE Sy & (uld
Ncol 3.0
Xhol 3.0
10xSingle Buffer 5.0
Vector 39.0
Total 50.0

(3) 37 ClaiRk & B KM TEYI 5 h:
(4) ¥ BBV = MREAT 1%B e bt i Bk, IR RlWe stEPF H (1 Jr BN
pET-28a.
(5) B REW ¥ H Solution I T 16 “Ci#E#:d 7%, % pET-28a-stEPF %
i, RRWEK 1.7
* 1.7 EENRNAR

Table 1.7 The ligation reaction system

SSE Ry A& (ub)
Solution [ 5.0
pET-28a 0.5
stEPF 4.5
Total 10.0

(6) R SL4 % A 11 BL21(DE3)EAZ A M-80 CUKAR L, B TIK
V&AL 5 min.

(7) B 10 pL &G =R HINZE 600 uL BL21 JEAZ A, JRAIE KIS
30 min;

(8) FAPH KB T 42 °C, /KB 90s, HUHJEZZIVKIA 3 min;

(9) T 37 CIEIREHFZA T PilH LB WA IR0, TREL 500 uL LB AR 218
A (8) th, 37 CHE, 2% 75 pm ¥ 15 min, 90 rpm 538 15 min, i 120
rpm B4 9% 15 min; 5 #& 150 rpm £ 3% EASMIRAS

(10> HX 100 pL &M H M 218 T LB B4Rk, 37 CEIEEFE 10 h;

18



o RANE % 1 FEPFEAZ AW RBAR R

(1) PREAER AR A H TV, Bk 2 AR,

(12) ¥t BAELLLLRT, IR 00 B MR A7 (R0 T--80 ‘CUKAH, Fdv 4 pET-
28a-srEPF .
1.2.2.4 stEPF & H KK IE ST s 5

1) BUAAFHIE R S0 uL B T 2 BN -RIPIMED LB AR 7254, 180
rpm, 37 ‘C}E9% 2 h, B 1 mL BRAE ARG SA RN,

2) %18 1:1000 1 LLBIMAZEKEESN 1 mmol/L IPTG 7 37 °C'F 140 rpm i
S 8h, B 1mL BHBIENFEFHEH.

3) #ill#E: H pET-28a-stEPF =ikl SEE A S S HEBMNESHET, 20 uL
PBS ¥ H 5 B 5N 80 uL 5xSDS L FREZE IR S], /K 10 min;

4) BeHIE AR EEAR, F 15% EAK, RRWE 1.8, H BT
SR AR, BTN | mL B AR R BRSO, B TP A1 45 min
BEE oy BEREEE S, B SRR, EETKIEDE 2k, AR AR
T, FIREE 60 min L5555 ;

* 1.8 15%7BIRMKRS
Table1.8 The preparation of 15% separating gel

o7 & (mL)
K 2.300
30% P ) 1 Ji (R b 5.000
1.5 M Tris-HCL (pH=8.8) 2.500
10%SDS ¥ 0.100
10%3e Bt B2 e 5 TR 0.100
TEMED &7k 0.004

Total 10.000
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%20 RANE %1 TEPFEAZ AW REERB LML

® 1.9 5%RERAIR Y

Table1.9 The preparation of 5% concentrated gum

o7 & (mL)
K 2.100
30% A I P Y Vs T 0.500
1.5 M Tris-HCL (pH=6.8) 0.380
10%SDS ¥ 0.030
10%3e Bt B B V5 TR 0.030
TEMED &7k 0.003
Total 3.000

7) JNEE: AZFLA I Marker 6 uL, FEf# 10 uL;

8) P M. BESHEAZWN R, HOHRE R-250 Y, &
TARFREIR Gt 5 Al A Wb i ki 7, 10 min/ik, 29 3-4 Ik, HEF
R AKT, REHBERRERGERERR.

1.2.3 EHA B ZEHTF srEPF E AN AL 5B

1.2.3.1 srEPF H4H 85 [ 4lift

D P KRB IR BRI R 100 pL #2605 mL & RIBEZR I LB A ss
FHed, 37 CRFREWR.

2) %S U1 mL BT 1 LLB ifkEssR&EF, 37°C, 180rpm2h, A
ZRFEN 1 mmol/L (1) IPTG 4k 4235 7% 8 h.

3) W : KR TE W 8000 rpm 4 C &Ly 10 min, FF EiE, SRR
JE, M PBS MR E 2 L, Wtk R B VR AR DTUE 2-3 i

4) HFEEE: A 454 Buffer 48 3) PRIEM, K3 30 min,
B E ARG 1E

5) BRI K 4) AT 4 °C. 8000 rpm &40 50 min, YR LiE A
UUBE, DUIER AR,

6) “FHETEAE: 7E 4 CENHEF LT 6) -8) &, MEANIIA 3 mL 50%

20
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Ni-NTA Ik}, FFEOR 8 20T T RS I 4T T IR IR 2, W e, FnA 10
mL Buffer A ¥EtE, ¥ 2 i,
) A5G K S WUERR BB MNP R, E TR T BN BRI 5

1 h, HEASHEENRATRS:

8) WEML: FTIFERAEM NG, A RIEWAE, RS R A A
10 mL Buffer A, ¥t 2 #; 0 10 mL Buffer B, fF Buffer B ittt )5; HKEIE
UM R LR, FRE TR GEHE, 2R S A UURE 4TI R
RFE, W BRI

9) SDS-PAGE: HY 80 uL 8) =18 AN [AIAS BE B i, hn 20 uL SDS |
FEGZ M, ik 10 min J5 HLIK;

10) FEHr: U &) TANEA H AW v i, S8 A3 & i iriE i
b, OB PBS WA HENT, £ 3 h e PBS, &M 5 IX;

11D W4 K& BB rENT AN PEG 20000 k4, W4E /5@ d BCA
HHE E AR S A
1.2.3.2 srEPF H 4 5 A 1 EE)

D # BRI E BRI BB = I N ) SUMO HEME, 4 Clig
gy 18 h, BEUIA RN 1.10 Pros.

& 1.10 SUMO Egtlik &
Tablel.10 SUMO digestion system

i AR (uld
fbE 1000 pg
SUMO Protease buffer 20
SUMO i 2

ddH,0 M2 1000

2) WAERED) S R B, AR, PR 1.23.1.

3) BIERR/NEIERNENTRE, H BT KE D 30 min fRAE, H4 2 G R
HI R AN ENT RS, PiSkHkTE 0, BT PBS ZmilitiElr.

4) BTG, FETH T, ANVOIREGE AW, Eid BCA S EE B
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TR F) B 2R F
1.2.4 EPF (11 kD) f EPF (10 kD) BHNEERIA

1T EPF % [X F7 51 o 2 B G 2 S0k D e X P 31, AT T 3k 45 EPF
K EPF idk, 1657510 3EaE FR ki 5 s, FiE it 4 7 Sk (0 5
P 8 JFE A R IE A pET-22b-EPF CR ERRMGIX 751, RBJEHEHIEHN
EPF (11kD)) Al pET-22b-EPF (& [l X 741, FiLEHEHILHN EPF (10
kD)),

1.2.4.1 1%t
BIRFES 1% 1.2.2.1.
1.2.42 HEERPY 1
BIRFET 1% 1.2.2.2.
1.2.4.3 pET-22b-EPF (11kD) Al pET-22b-EPF (10 kD) = ZH i ki (4 72
BIRFES 1% 1.2.23
1.2.4.4 EPF (11kD) M1 EPF (10kD) HEMHEHAMIFFEE
BIRFS 1% 1.2.2.4

1.3 &8

1.3.1 EPF A KB HT

wmod & o o ® otk MR oo o, Prot Param
(https://web.expasy.org/protparam/) %I EPF [FJJH 6 RE. Afaw R, =
PR K REE AT 0. S5 5RR W], AU EPF 2 /1 102 A R IR A
B, SRR EENE 111, FEmE AR (Asp+Glu) 134, Hor Asp 8
A, GlusA: S IEHEMEARER (Arg+Lys) 154, HPLys 114, Arg4 .
a2 Val f1 Gly (13.7%), H®AZ N Lys (108%). 4 F XA
CagaHs0iN12040145S2, JEFEHCH 1571, 43 TN 109kD, HR%EH A 5.87, 1
BN, THOLRECA 4470 (mol/L) “lemr!, HIEHIN 30h, JNEVEREN 9539, F
PIRK AR HUN-0.041, AFERECN 2375, NEERH-
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% 1.11 AR EPF EEISEEZAR

Table 1.11 Amino acid composition of human EPF protein

Amino acids Number Frequency (%) Amino acids ~ Number Frequency (%)
Ala (A) 6 5.9 Lys (KD 11 10.8
Arg (R) 4 3.9 Met (M) 2 2.0
Asp (D) 8 7.8 Phe (F) 5 4.9
Gln (Q) 4 3.9 Pro (P) 4 3.9
Glu (E) 5 4.9 Ser (S) 5 4.9
Gly (G 14 13.7 Thr (T) 4 3.9
Ile (DD 3 29 Tyr (Y) 3 29
Leu (L) 10 9.8 Val (V) 14 13.7

1.3.2 EPF H A KISR/HK M &SRR X 247

F| ] Prot Scale Chttps://web.expasy.org/protscale/) X EPF & H )25/ /K P
M B TMHMM  Chttp://www.cbs.dtu.dk/servicess TMHMM/) #8177 EPF 55 H

PRI . 4R B8, EPF EE-FH2RKMEN-0.041, AT HRK
H9 222, HwAMEN-1.611, AZRKMEER, RKEERUED T HKEILER

(E 1.1). EPFEALESKAEEX (K12, 1.3), AETEREA, HW
Mg AT, FESMTEFERAE (56.5%) Uitz (17.4%)
kil (8.7%).

ProtScale output for user_sequence

2.5 . , ,
Hydropath. / Kyte & Doolittle
2+ l\
A
15 . [
A I
1 \H \“J )‘\
1 A [ 1A
05 by [ e A
s s i R YAV A W f
@ o bt | \ VAL f ]
V ‘\‘\ Vi /oW ‘\ " LR “ R ) | ‘\ [
05 || |1 S Lo ZEAWR I
v 7‘ | VT \J R
' I b ot
A VA
15 !
2 i . A H i
20 40 60 80 100
Position

1.1 EPF & AR/ o4
Figure 1.1 Analysis of hydrophilicity/hydrophobicity of EPF protein
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SignalP-5.0 prediction (Eukarya): Sequence

SP{Sec/SP1) —
5

OTHER

Probability
=

HAGQAFRKFLPLFODRYLVERSAAETVYVTEKEGGIMLPEKSQGEKYLQATVYVVAVGESGESKGKGGEIQPYSVEVGDEK

EKXXXXX XXX XXX XX XX XX XXX XXX XX XXX XAXNXX XXX X XAEX XK XXX XXX XX XXX XXX XXX XX XX XX XXX

Protein sequence

1.2 EPF & B RV EE IS L5 45 T

Figure 1.2 Transmembrane structure prediction of EPF protein

TMHMM posterior probabilities for WEBSEQUENCE

0.8t

0.6

probability

0.4t

0.2 ¢

20 40 60 80 100
transmembrane inside outside

1.3 EPF &£ BRY{E S BA TN

Figure 1.3 Signal peptide prediction of EPF protein
1.3.3 EPF EE K KM M =421

ik SOPMA F1 SWISS-MODEL (https://swissmodel.expasy.org/) 4> #T EPF
HARN R =K. R Eox, EPF EH A o-185E (Hh) 30
AN, 29.41%, a-BRBER — AR E I A, BUELHEN EPF B A 45 AR
S HAAPHEA (T 134, HE 12.75%; #EKEE (Be) 26 4, AL 25.49%;
THNAER (Cod 334, HE32.35% (K 1.4), o-M8lEIER B B NFGE,
—MRIEER SIS, ATERITRRAL: 1hREE A 5 TR h fe =R, A
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fae How AR A RSN, B RPURRAL, H =850 1w &5 5
e 1.5,

o0 L] [27] Ll

12 28 Bl 48 59 o8 7@

MAGQAFREFLPLFDRVLVERSAAETVTKGGIMLPEKSQGEVLQATVVAVGESGSKGKGGE IQPVSVEVGDK
hhhhhhhhhhhhhhhheehhhhhh ttcee tteeesectt tt eeecttce
VLLPEYGGTKWWLDDEDY FLFRDGDILGEYVD
cese eeeecttceeeeecthhhhhhhh

1.4 EPF & B R 25750

Figure 1.4 Secondary structure prediction of EPF protein

y/
>

1.5 EPF &£ BB =R 25750

Figure 1.5 Tertiary structure prediction of EPF protein

1.3.4 pET-28a-srEPF E4 JFRL [ H 2

X 55 20 JFUkE B I Neol A1 Xhol XU VI % € J5, # H 1k 3] BL21 (DE3)
v, BEAT R PCR %5 (B 1.6), 7F 641 bp WA F 44, ST A/
%5, 2% pET-28a-stEPF 5 4 5 ki B Th# 2 .
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780bp

500bp

1.6 i PCR £EFHULER
Fig. 1.6 PCR identification of transformation results

1.8 Marker 2.BAMETER 3.FRL 4. ER&

1.3.5 srEPF EHEANFESRIA

¥ pET-28a-stEPF B 41 fi kil E.coli BL21(DE3) &2 AWM G R RIE. £
X AE 37 'C4 IPTG W% )5 8 h, WERRFE S E BTG I EM, 15%H) SDS-
PAGE 73 #r45 RN 1.7 s, 4 IPTG 5% )5, pET-28a ¥ 1L /5 FI B HRAE 26 kD
SR AT, ST RATE, UiEA stEPF & E O IE KT B h ik

25kD

15kD

10kD

1.7 SDS-PAGE £ 7 stEPF Hif5 F5R1%4
Figure 1.7 SDS-PAGE identified the induced expression of srEPF
1.Z2H Marker 2.pET28a-EPF Z=[Efi 3.k IPTG %S 4. IPTG IS
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1.3.6 srEPF EHEFEARWHBEHERE

N E BARARBIL, TTRsail, W ERFERF, KIS
WIOTIEE AR, WARH] PBS Ye=1Ua, H A DE#EAT SDS-PAGE 73 #7
iR 1.8 Prox, EHAEREA LFREER TOME, RYWEHRANEER

B, 2 yEN26KD, T EAEAS his br%5, AR EHRAMENT 4L
1 2 3 4 5

1.8 stEPF EHBY AR M RIA
Figure 1.8 Soluble expression of srEPF protein
1.Z|jH Marker 2.xH IPTG 5 3.8 EF LA
4 RIS ELEIR 5 RARFE

1.3.7 srEPF EHEFEA K4k 5BV

Y H B A, B JG EIE A TEKPEK B 220 mmol/L 58 4 5 k i

(B 1.9). 8 A 58 U b5 IR I8 Rk BEFIBE D)1k R EATREY), 3RA5 AR ZE 1)

EPF &HH, BEVIEEAKRNLN 11kD, FFEHUH (B 1.10), @ik BCA Wlfl&
KA Y] 5 EPF 2 R E R 1.1 mg/mL.
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1 2 34 56 7 8 9

25kD

15kD
10kD

1.9 EEE R REFA LAY SDS-PAGE 53R

Fig. 1.9 SDS-PAGE results of recombinant protein purified by nickel column

1.ZEH Marker 2.38Z® 3.40 mmol/L 4.80 mmol/L 5.150 mmol/L
6.200 mmol/L 7.220 mmol/L 8.250 mmol/L 9.300 mmol/L

Pl
(&)
-9
th

1

-—

-':-

'-"___':"
25kD -'e-_'

N
I15kD = W.
-

10kD - '.*..

1.10 #E L BB /R EBRIGER
Fig. 1.10 The result of purified digested protein
1. &8 Marker 2 R4 3.4uL/E 489G 5.B8YIEEHE

1.3.8 pET-22b-EPF (11 kD) F1 pET-22b-EPF (10 kD) XUEEII% &

X T R A U D)4, G T AR B P R A5 R AT LA, D) R R A B
FIRNAN SE =T (B 111D, GESE H R SIMER, EPF H 50 b B4R 2
e
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M 1 2

1.11 WEY R ERENESR
Fig. 1.11 The result of double enzyme digestion
M.Marker 1.E§t]] pMD-18T-EPF (11 kD) FFi%E#E pET-22b
2. #§1]] pMD-18T-EPF (10 kD) F3Fi%E3#E pET-22b

1.3.9 EPF (11 kD) f EPF (10kD) BHNESRIE

BRI RIS RIE R, £ IPTG37 CESEST. SR EWH, RhERE
EPF (11 kD) A1 EPF (10kD) EHEHEH, 7 10kD AHH B %W (WK
1.12), S5#WAEK/PMHEA .

1 2 B 4 5 6
—_— —
——
— “
— - e —
N N e g T

1.12 EHERHAY SDS-PAGE &R
Fig. 1.12 SDS-PAGE results of recombinant protein
EPF (11kD) #1EPF (10kD) HJiFS3Rik: M.Marker; 1: EPF (10kD) RiF
%; 2.3: EPF (10kD) i#%; 4: EPF (11kD) KiFS; 5.6: EPF (11kD) i

=5
~F
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1.4 g

N TR EPF WA EREIE, ARV Fose & A VIS TER) EPF R H
AR E R 2 E, (£S5 EPF IR E R IR BHA M3 2 HL, {H EPF
FEMRZABEAR MLE o B AR, 2 — PR . & A IE 2 O & 1) EPF &
E TAE SRR, HIREm s AE s s . B R AT 5 A% Rk H R 3R A
EPF S E N, JFEMBEREBAETFANN G FZ 2R EE (SUMO)
B RERmEAR ARG MERLE. REREEREM, BH KR
Rl GST & — AV F I o M aifbinss, e AP ILEARMERLZ, 12
IS AR E T Re, B R R IA Re A SR HLAS SR R R A TS
HE A(Trx A) HA G RE R, Rk H & B0 e R i g 1,
EHTE SRR BV Trx A s, EARMESEHAZRIA
LR IPF, RN T A S Dy RE . SUMO R FIE N R F 3R IR & bR
BEEATAEE, ATLLER 5 HARE A NSRS L IEM SRS, &
Ay DU S A A R, ORI INE A RE R, H SUMO & AlgREh
5 SR 1 SUMO ) = 45 1) 46 SUMO K C % Gly - Gly 4 g AT V1%,
PRREFS BT B R

AHEFIEIE N EPF () CDS X P A # 1 & SUMO A% 1 B 4 R IE Tk,
KR BRRIE . BHOEMEN 4G, RGRIAER S stcEPF. EPF (11
kD) #EPF (10kD) #HH, N5 EPF XL Neu5Ge 4131 CMAH”
NER BT AR BRI SR AL T R A (R SER AT RL

1.5 /Mg

(1) %t A\ EPF 4wt [X 7 51 AT AE W45 B 24 b, 5 F0000 Bk 4 ot A
T =REER

(2) RHEZFRIEF AR RIS % stEPF fl EPF (10kD) & H, A F—%
IRIGHE LA
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B b TRAB % 2F EPF WK H & 5 s BRI & ) & b o 47

58 2 & EPF fuifavsl & 54 AN R R ANHI A S 5347

EPF 2 — MR RACIIVE S5, 2 0 A R BE A4 o i 7t 300 F) e 928 4100 1) R
-, T H EPF MG PEAE LR JRIAFFE I T 4, N EPF Al fEAR N HE4E 6 M,
FoOREERE N LFHRREA M, N S35 KE J5 A TA) ) A) PR 2 BE A4 I
JHH RN E] EPF TG PE, IR E BRI GRIRAS, 514k, BRI FAER IR
A BIETE O IR S 7 1k A AR R R SRS W SR ST
HEAT Z N TS, KT EPF A VAR 7T A EE R .

ELISA J& — Rl 7t J5 mld 3 074 B 25 75 [ AH B0 I R T, 7 [AH 30k b EAT
B gL LA A IR, AR S RAE . LI WIRL . H)E 45 R WA VF
Z 0. B ELISA 37 & AT DAk I 5 39152 e i o (9 EPF, U AE iR ¥iE EPF 7£
PRN SRR, FEMIGRAAEESL . BT, BN A B0 E EPF
FRAGIRF &G IR, 1 EPF 81 A LR AR 542 ELISA Al 77 12 37 f) 21 22
M5y, BT3RS EPF A AL iR I- ot EPF A7 & sy EPF F.2246
DA T 5 e 1 K )

FAh, FEAR AN AT T XS EPF G 2 400 i) A B8 20 M 2 45 7T EPF X 40 A
Neu5Ge 13 (1) CMAH" /N BT 7= A2 (R0 BERR AT o BCBRALIAE S50 2 44 A el
YR PEThRERIE BTk, Zh T R 1 B A 45 & 5 sh W 40 40 i (1 %%
i, TEARSMNEAET, RRIEACLL T kA O, MM SrESE B, T st
L— S BBRAERE IAEFR, T EPF /2 SR gRAH DG IR S e k| K7, & emd 1 T k2
A T A e Th RS, T Ak B R ST v 1k ) 4 R 7, ) T 4k
L4 DNA & R, 3E T TEBORAEI 1T o

gr BTk, FIFHEE— T RIR AL 5 I 2 BRAIHI X ) EPF (10 kD) & EEA
IR, RS K A%, H4% EPF Hiik, IR0 T At X AR S
A& FHPEREAT 08T 2 JE il BRI e, A4 /K P 4R 5 EPF A
I M TR, N JESE3E— NRIT EPF X NeuSGe /) CMAH /)N i 18 1
RAEPRAL IR FERE A SIS AP RE,  [RIN 0 ik — 2 JF K EPF R 2Rl BoR 2 k41
TR BEE .
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