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of biological tissues and cells. We expressed an antifreeze protein from the desert beetle Microdera punctipennis in yeast
and determined the function of the protein at low temperatures. Yeast expression vector, pPIC9K-Mpafp698, was
constructed and transformed into Pichia pastoris GS115. The expression of MpAFP698 was induced by methanol, and
identified by tricine SDS-PAGE and Western blotting. Mpafp698 gene was inserted into the genome of the host yeast strain
GS115, and correctly expressed. Hardly any yeast’s own protein was secreted into the media. Cryoprotective experiments
showed that MpAFP698 can significantly protect mouse liver as well as other mouse organs from cold damage compared
with those in the control of Bovine serum albumin (BSA) addition. Besides, the hemolysis of blood cells protected by
MpAFP698 at 4 °C was reduced and the survival rate of SF9 cells protected by MpAFP698 after freezing and thawing was
increased compared to those of the control with BSA addition. Our results showed that MpAFP698 can be expressed in

yeast, which allows a convenient purification of the MpAFP protein that has the cryoprotective effect.
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B/ ¥R T LA B 1 SR B Ay B AR Y a2k
AFP TSINF vk A A= g, AT BR VK, 2k
EFEA ORI BT, B HRPUAE TR
By oah # ik, 8T B A K
FFHE 3k T/ # B Microdera punctipennis
AP, XE M E B A B E NPk
Y ER . KIBtFiRiARGE LA . K
AR, BT H W EAE DAL
IRk, g ", Leinala %7
ERGIFRE T RIL T 2B etk END, A
HORTCTE PR R, HaEE AR, 15
B A TP 1T . Loewen 25U B 1 3¢
ik gL AC 1 Hemitripterus americanus 11 7Y
AFP, ZIXtRBESFIERILAL, AT 10 L Al
BB B 3K 30 mg/Lo Li ZM VM B 4RA pGAP
ZoA T T 1 BE SR T RE Y 2 K iR I ke o AR
SMDI168H & N & ik K 7§ ¥ #f 1 Clupea
harengus (9 11 % AFP, i%%& [ HA A IIRE,

it R A AR AR T A A7 3% AT AR 5 o i P 40
FIH pGAPZoA HAZFIREMTE SMD1168 H 3£
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HOMEE AR BAEP, BN, pGAPZaA
IRZAAKLL Zeocin AEFENERRIC, 1 Zeocin &—
PSR EAEN], WRE BT R AR, I
FH 2 b, T Bl — A O AT R A

AW 5E3E ] pPICIK 1E Ry Bk HE 5 #MA , 1%
BRTE Z e B SRS AR T IR 8, fil
TR E AW R MISE, T EEEE A B WA B
PR B2 H R & R Al A S5 W 4
pPICOK 5 4 Z MR I e Mg SE [F] (HIS4), Ted% fb A
PRRE Rk dR &, AP G418 (Kanamycin)
DR, AT 4R G418 MR, a7 bRk s
i 1% e ¥ DL G AL T o AR5 T SR F A B R 2
1 MpAFP698 Y5 [ 7 951 32 755 [ s /) i s R U0,
i 1 A% B JFURE pGEX-4T-1-Mpafp698, FiH
H i & 1 Mpafp698 , #4 # IT #% % ik 2 1k
pPIC9K-Mpafp698, Hi #% {1k Bk BE £, I 4%
Mpafp698 S A B H: GS115 JERZH v, ik %
VWAL, DR mbtARE A REE, R
HCPTVR R 110 R FH B SR

1 MB57E
1.1 #y
111 B, TR SEREY)

KW ¥ 1 Escherichia coli 77k, pGEX-4T-1-
Mpafp698 ffiki, pPICIK JFki, 75 ¥ Pichia
pastoris GS115 BN A LI 4R A7 . B /R
W B T 8R ERR E Sh
1.1.2 T HEg AR

K, A HHR (Amp). G418 FUER,
BRI N VIR . Tag DNA B4 . T4 DNA %4

fiti 1 pMD18-T 2k A4 B Ki%E TaKaRa 2\l ;
DNA HXF 43 F AR . 2 (A XS 27 5
EPRAEY A DNA A B PR & [ b KR
AW TREA ] YPD AR SR . YPD MRS
23 BMGY H5353E . BMMY 1557 58 K HoAh it
B3R B 43 B 4
12 7%
121 BBRAIBEMWESLE

F A A 52 G 5 A A Y R A% 3R R TR
pGEX-4T-1-Mpafp698, 3B )N s H (1) Bt 14 &
F 3 K Mpafp698 (GenBank Accession No.
AY821792), FHBRGIM: M UIEE Not T Al EcoR 1
Y] pGEX-4T-1-Mpafp698, % 0.7%Hi A8
BERS LYK, VIRl Mpafp698 JE[H A Bt ¥
ki pPICIK [A]#£ ] Not I #1 EcoR 1 X,
[l pPICOK ik B, H T4 DNA i 5[ 1E
16 Cid %4 pPICIK %Ak 5 Mpafp698 £t [H
B, #4554 ok pPIC9K-Mpafp698 (& 1)
PR YA E. coli TOP10 52 S 40, 54
F LB P E (% 1%2 FHEER), MkEgl
oo Bk fE kN B R HCE 4R OR
pPIC9K-Mpafp698, I [ il A UJ i EcoR I
A Not T HEATRERYI 40 . % 1F 6ff 1) 35 4 o b
PR M N U0 B Sac T £k 4k, JH % 1Y
(2.0 kV, 5-10 ms) FeALEESREERE GS115 /&2
AU, AT G418 itk YPD A |,
30 CHiFR 2-4 d 5, PREHT G418 [ BAE Fe ke,
PR RE LN 4] DNA L 20K F 34 A B 4a L
FER (AOX1), FI 3'AOX1 5[##1 5’A0X1 5|
Y (% 1) #E47 PCR ¥4, Baftfbig. U
A pPICIK [RIFEEE A EERE TR, Ay XT
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Tablel Primersused inthe plasmid identification
Primer

Primer sequence (5'-3") Size (bp)

name

3'AOX1

GCAAATGGCATTCTGACATCC 21

5’AOX1 GACTGGTTCCAATTGACAAGC 21

3' AOXI(TT)

1 pPIC9K-Mpafp698 E4H Fiki == &
Fig. 1 Schematic diagram of pPIC9K-Mpafp698
recombinant plasmid.

1.2.2 EHAREFE MpAFP698 (5 S F#:ik

FE TG T 45 1F T K 35 41 5 1 1 e B T o o
FZAF] 25 mL BMGY #5585, 30 CRIKIRG
Hi4% (250 r/min) % ODgo iK% 4.0-6.0 (K%Y
16—18 h), EIRAM T 4 500 r/min &[> 5 min J5
WAk B K, 1 BMMY 85 9% B B A &=
ODgoo=1.0. 7 1 L i) =M%, 7€ 30 CHH
IRPEIRIR G R 2 W (250 r/min) . &R 24 h
M 100 9% H P B LR B 0.5%, KiFR 2 96 h i)
KILFES ., S5 TR (TCA) HEvk4aifh ek %
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iKY MpAFP698, X %5 2 {4 pPICOK %% fk 1t i
FTRRE R 5 3 505
1.2.3 MPpAFP698 ) Tricine SDS-PAGE #l
Wester n blotting 434

B T b1 Wi A 6xSDS _EREZE il
3k 5 min, 12 000 r/min #5.0> 2 min, B E
T Tricine SDS-PAGE Kiilll, L4525 #ifk sk 1k
TR 75 55 L TRARORE [R) A B SR X B . H
WA G, R RIRA AR o 1%
Uk A 2 h, ARUGE M —HUm R (FiR
I 2 h, PBS %% 3 1K) KFHiHR gG: HRP (£
WS 1 h, PBS Y 31K), G MIEY) DAB
AR —PUh /N B E R R
PERBUIMTT , A I %= Hil 4.
1.24 MpAFP698 HiI & 1 # 1 k E

i F1 18 1% K {Y  (Automatic Osmometer ,
Model 5004, Jt 50l Z /A w]) W5 IR 198 35 ik
B, AN ZPE (mOsm), 1 mOsm i F
1 mmol/L ¥ AT 1 kg /K, 17 1 Osm/kg %
JR SRR VK S R % 1.858 C. L, KBk
W RE e LA—1.858 W] AHIEAE S A UK S(EL . PRI,
PAEYE (THA) B9E RIS ol . —1.858x
O BRI 095 1B e FE —PL VR R TS R 8 B Tk
FE) mOsm/1 000, FEHAS [ B Pt R 11,
Wik 3 EE .
1.2.5 MPpAFP698 X} SF9 4l ffl ik iR - 77 BRI

VEHCR AL OP LA SF9 AL AR, Wik
XA R IT A0H, ZEBR SRR A B . BSA
(FA:XFBR) . 10%DMSO., MpAFP, Hi%k—41H
BRI S A B A R A
5x10°/mL-1x10"/mL, H54i 55 Ak Ar 8,
=20 ‘CYKAH 2 h, SRIGHA-T0 CIKFERLR,
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ZIE B AWMAS N e 37 ClRAK P E IR
Je, AR 10%/NA- i B F i 24, A
Je BG4 A8 (Nikon, Japan) WAL T &
(10x20 £%), MAnsHEcict- . [Fmk, A
AL (FWE, DDS-307A, i) IE g0 S
RN LI TTF AR (uS/m) Ko, dlad B
S Sk ] W AN e B L T YA VR R B 7R T 200 it
PRI AECR
1.2.6  MpAFP698 X /) KUl 4 B ARIR - A7 I 52 0
TR BB VAR B 1L I 4 O A T T K
F, SRR R BE SR i v R 42 B B 1/ B
#: 2 000 r/min 250> 10 min & _F 3% . A 10 mmol/L
PBS (pH 7.4) PEIRZLAMME 3—4 X, PBS HEYM
FfL, R 21 A0 B R BN 10%WR . K 75 uL 10%
21 -5 A [RHA T Y MpAFP698 Fil BSA i
G ELRBN 150 pL, EHHEALRKE N
0.05 mg/mL, BSA ¥k} 0.05 mg/mL. AIA
[FIARFY PBS (14 241 A v A Ry BT BE . R
A 3ANEK . E T 4 °CL =R (20 C),
=20 CHbFE, WEELH G HLIFHARE
1.2.7 MpAFP698 Xt/ A B B AT R T
i FH SO F A0 FE L B /N B, 20 i B
O L ML ERRE L, FA R K R, 52
IS FHPUA R ORI, X IR DA 3
EAKRMAE, 2 nl L A &S T 4 C
20 CHbH)E, HIVE/NRASERENAII A,
eSOt BB ME A WED F (10%20 %),

2 HERG0H

2.1 pPIC9K-Mpafp698 %% 1k B4 £ 5 1Y 5 1
X[ # 4T pPICIK-Mpafp698 4 il A [Hl (4 i

R BOLIN 4] DNA, LU 3'AO0X1 Al 5’AOX1
a3 BN ES 9, 54T PCR ¥4 (B 2). %
HEERER T A S A AR AOXT BN, ATy
4 — 4% 2200 bp A S5 o ZeMEAL Y pPICIK %5
WA R AL E, PCR ¥ HB—5%
2200 bp i 5571 Fl— 45K I8 T GS115/pPICIK 1)
AOX1 JE[H, K/NK 492 bp (K 2, Wil 1. 2).
LA ERMERAPEAETEELAD
pPIC9K-Mpafp698, M| PCR < ¥ 85 th — 5%
2 200 bp R Z&HT Fl— 455 AOX1 (GS115/pPICIK)
AHELG . WA BIFEER) 798 bp 25T (492 bp+
306 bp) (K1 2, kil 3-9).

M1 23 45 6 7 8 91011

—IRNISWN
NN IO ONONOOD

SUCOCNOOOOOOOD T
SO T

B 2 pPIC9K-Mpafp698 AR EHEEFA PCR
£

Fig. 2 Identification of the recombinant yeast
containing pPIC9K-Mpafp698 by PCR. M: DNA
marker DL15000+2000; 1-2: GS115-pPIC9K; 3-9:
GS115-pPIC9K-Mpafp698; 10: pPIC9K; 11: negative
control with no template.

22 kB EE&RTB MpAFP698 BYE kA&
PEBUT B G418 (4.0 mg/mL) KB EE
Bk (% pPICIK-Mpafp698) Flzs s kAL (&
pPICIK) #EATHI IS RERIL, FIFMZ TCA UL
VE LA, & BLH VKRR SR, BEAT Tricine
SDS-PAGE 7341 (&l 3). WK 1-4 ZA[EAYE
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AR R, VKIH 5 J2 25 20K pPICIK % ALTA .
L5 IR, SRR, £ 15 kDa
30 kDa MHEHHA WS AT RRBEANF
L, Horp 30 kDa 25 K FHIS(E, T RE 2
TR

kDa M 1 2 3 4 5

94.0
66.2 — -

45.0—

35.0_ —

25.0 —wa

20.0— «
(4.4 —w— e — A

E 3 %B% L&A SDS-PAGE 4l

Fig. 3  SDS-PAGE analysis of the fermentation
supernatants. M: protein molecular weight standard;
1-4: fermentation supernatant of
GS115-pPIC9K-Mpafp698 recombinant yeast; 5:
fermentation GS115-pPIC9K

recombinant yeast. The arrows indicate the bands of the

supernatant of

target protein.

2.3 Western blotting 4347

¥ Tricine SDS-PAGE J5 F 5 B0 54 BN 21| fil§ iR
212 R AT Western blotting 34T, 45 R B,
pPIC9K-Mpafp698 ¥4 i 7E 15 kDa Fl 30 kDa
B3 43 0] 0 B S AR, I S AR B A TR R
AT (K 4), IEBIE R IA M E N
RERE DU EE 1 MpAFP698 145 S 4 1M 3 BT iR
B, R A B B R S e g R, R B
MpAFP698 #if3 ik, FHor 30 kDa Fffifr i 5%t
LEYECIR, PTRE 5 AR AEAS [ R B 0 SR A0S T
BUE R G WA K. BT AR P HRE R
FAw ATk 0.85 g, MG TER 1.55 C.
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kDa M  MpAFP  pPIC9K
170 — —
130 — s
95_—
72—
55— -
43— w—
34—
26— w——
17— e
10—

4 %k EiREY Western blotting 45

Fig. 4 Western blotting analysis of the fermentation
supernatant. M: prestained protein molecular weight
standard; MpAFP: GS115-pPIC9K-Mpafp698
fermentation supernatant; pPICI9K: GS115-pPIC9K
fermentation supernatant. The arrows indicate the
bands of the expressed protein.

2.4 MpAFP698 X} SF9 41K RTFRI RN
241 4TS

X B A % T DMSO. BSA Al
MpAFP (A A b FRZ A AR A VK VR B 95 e, AT
MR, SRR, USINBUR B AL 4
W EZTHAMSA (B 5), WSTAER A
DIE R R A . 1528 BSA JooCE H 4] LA
FIE B3 8 00T 14 B 1A B 5% A0 LA 3 11 5
242 Y BHIERIE

1E AR B R, R TE A
ATVER], FEVKGRE G, I MpAFP 1) SF9
B AS AW, I A0 M 0 TR B ZH RS
DMSO fRIFFIAAIL (K 6), UhBIPLRE X
Y B R AT B AR R A
243 HFENE

A A I VK R AR O S A A L S, AT L
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Number of cells (x10¢/mL)
w

(=}

CK DMSO BSA AFP

E 5 TEALIELE SFO MK HE T AR R
Fig. 5 Numbers of SF9 cells after freeze-thaw with
addition of different agents. CK: cell culture only; BSA:
with addition of BSA; DMSO: with addition of DMSO;
AFP with addition of MpAFP.

E 6 TREALIELE SFO MK FE T EHRMESH
£ (10x20 f)

Fig. 6 Microscopic morphology (10%20 times) of SF9
cells after freeze-thaw with addition of different agents.
CK: cell culture only; BSA: with addition of BSA;
DMSO: with addition of DMSO; AFP with addition of
MpAFP.

FIWT MM sE &Pk . 5, BmyiisaEA A
HH SR FER I DMSO SR HE T CK

XPHRAL (181 7), PUoR AL B 25 % T CK X
B2 (F26=25.10, Foo1 06)=10.92, P<0.01), H.
BENCT DMSO 4 (F,,6=8.815, Foos 2.6)=5.143,
P <0.05), Uil AFP ZH A4 40 g 58 B M4 i

600

W
®
(==}

Conductivity (uS/m)

W
(o)
(=)

CK DMSO AFP

7 TREIRIBLE SFO MK EE 7R EHIE SR

Fig. 7 Conductivity of SF9 cells after freeze-thaw with
addition of different agents. CK: cell culture only; BSA:
with addition of BSA; DMSO: with addition of DMSO;
AFP with addition of MpAFP. Different letters show
statistical significance.

2.5 MPpAFP698 X [ ZMAE AR ISR

XEELAN A PR L S R BoR , FEER
(20 °C) Ji'® 2 d I, PBS 25 1%} BEZH F1 BSA %
PRZAAR B0 7V, RUTEHEMMS, Mk
BEEAR I BAL R, IR A
FEERCE 4 d B3 BB T M, RHEE
TIFIMME(E 8A). £ 4 CHE 2 d if, PBS
20 .BSA 411 MpAFP 4b #4019 M b3 W ABAR
THI, LA NG R TTE 4°CHCE
4 d i}, PBS ZHAl BSA AR H LT ™ 5 A9 % I
ML, MILZT, SIPLsRE A Hm B
MIHE, WG (K 8B), ULHITE 4 CAIK
b G o 7Y R = DO A | o | L TR S T
ROR .
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Bl 8 AELEE T MpAFP ST MAAIRIP R

Fig. 8 Protective effect of MpAFP698 on red blood
cells at different temperatures. Red blood cells were
added with PBS, BSA and AFP respectively at 20 °C
(A) and 4 °C (B) for 2—4 days.

2.6 MPpAFP698 xT4H 425 B B2 R R IPH R

1 MpAFP698 AR AL HL A /N ERULEY |
G . BRRER, AW 7R BN
BT (10x20 £i5) MEREI/R, 54 A, AFP
ARLA (B 9) B E (181 10) AFIE (K 12) 7
4 CHI-20 ‘CLLFRfE, AMARIRIBRE/N, DRIECR
B Hd, RS A R RO TE 4 C
Il B, mXbOIE (B 1) MR RCREW
il B T AR AN B 2

9 MpAFP SALAERIFEI AT A W (10x
20 1)

Fig. 9 Paraffin sections (10x20) of mouse muscle
protected with MpAFP.
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B 10 MpAFP B HERIFAAETIFIE (10x
20 %)

Fig. 10 Paraffin sections (10x20) of mouse kidney
protected with MpAFP.

B 11 MpAFP Xt AEfRIPEI AT R IME (10x
20 &)

Fig. 11  Paraffin sections (10x20) of mouse heart
protected with MpAFP.

E 12 MpAFP XfRFBRRIFEIAERIAIE (10x20
&)

Fig. 12 Paraffin sections (10x20) of mouse liver
protected with MpAFP.



BRRN FMERRNNERRAEONBEREREARNA 1263

3 Wi
IR R VAT A WA R AR DR AE

HALHILE . MR AuoeE s
g 7 5 V5L B T VR AR 1 DR ) T B SR ORI
pPICIK-Mpafp698, I K H: He 5 3| ik £ JE [ 41
o, AT T AT SRR Ik B BV B T Y E 4
# T GS115-pPICIK-Mpafp698, £ Hlfizif G5
ik, FIERMGH M E A MpAFP698 [ 43Ik .

PLas SRS AL B R e B, X R T AT
Tricine SDS-PAGE fuill], Z5HR /R, s-WaRik
4R ZHEAEEUREN, RIZRGEH
ThikEARBEHEARED D difk T EATT
P X SRR pPICIK Ik AR5 I F ik SN
L B8R AR o i 2k 2 — 2 = 1
15 kDa F1 30 kDa i #8811 5 &5 09 8 1
S, QR aNr, PIASAERE S H i
1 MpAFP698 77 A ¢ St Bt e A4 S i

BT LART DAt e —F A2 H a0 . B Ok
AT I IR AT B SRESEAE | i R Ak SR A Y
W REAFAE Z BRI, W I BTARE (M B 3
FRAEJE DA H G 12-8 3 R 5 8 7 51 240 A
MRERKEA-EARKEE, &&5FERaA
7 W= - 20 o 1 5 R 5 e 4
EAZRRMEI, 30 kDa &4 A Al REJ2 — %
Mo IZEE B SR B E AR IR AR I . AT
B IR P04 1M A 12.85 umol/L (0.85 g/L),
PTG R 1.55 °C, TR T RPUAE N,
EYNLEE Pleuronectes americanus I %! AFPs
TEVR K 400 pmol/L I, X fE fif vK £l FEAIC
0.27 ‘CP, fHIX—IG PR T #0Ok Hih st KR Ht
HE A 5.5 CY AT BE Rt FHURE AR

B-I2fiE L I B AN e A T PO,

Tic B R H /N ) B PR B R B L TR VKR SRR
REME A RS SFO ZHfL, AR 75 )5 i3 A i
B A KRS L BSA X BRAL B 4T, o 5 2%A4IL
TXFREZE, R OH 20 MY S8 B AT . Tomezak
WA R, PURE R A TR S B 1Y 3)
fE1?7), Prathalingam 25 & IR a2 [ B 1 7]
LR E R R TAM BB,
TR T B — & B[Rl A, MpAFP #BREA R IR
rerdnpf, I RRUE AR OE AN M R 2 A i 2
—HUN . XREE WIRETUARE ATEER AT
R RO VE o B 1 X B0 L HL A R4 A
FAANPY ARG & TR, /0N 8 PR R )k
HAGEEME T OA B EWRPEN, JoH
SE R I BRI ROR 03 B3, #EPiR
B AR R /N BRI A A AR G IR IR DR 9 8K
B H TR R A [ R AR IR AR
R, K MpAFP XJ U ER R ISCRA B2, Bt
A 1 M T DR 47 ROR 1 2H 21 22 S P Y Dt
A FRFRAMESR

AHI 5T o B RE R IR R G AT T At
RHEH MpAFP698, %4 F Al i 5 8 18 Uk
FURFIESE 4 BB A, 3215 SFO 4 M i A7 15 22,
WAL i B P 335 132, SRy 4 I R R TR AR T
BEREARAE 77 BUAS AR 77 i TG PR BB VR 2R 1 24
TN, PUAREPTERESE . Rl B ST
g HA T RE 0 A5
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