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F 2 LW B8 B FR SR AR AT AR T FE ISURTAEE 7 Wt B S R s
CDNA U JE 1Y 5 15 T FH 1 52 P 43 A7

BAMLE REL WAL BERY A4FL AREL BAL ML % ATEY
W

1 A E AR Bl e L IR TR ST OT I 5 B 96 s e B B b SRR A, ARV B A A e T S T AL SRR A, B 200232
2 LI R A Ay SR Bl 2R 24 BE, g 200234

i E: AFORMNORREARARARME. AREFSN AT @ AR bR R XER, L KR RE RTEHRE
fEd HIRAT, Tk R B RAFIEEH AR E T cDNA LR, 2 =4#0Fk, FFHEEERFEA X E E(B75 42). MR
92 N EEHATHFIM A, KIFT 19 FAEST A9 . L+ 13 MK EST 555 &4k B RALXFFI4F4EF R, 6 A EST
R3S KA RE R FIAFE YRR R, A RERFIIATE . 194 EST F5le) fat £ H ik L A ik R & R
3, HF 4 5 (GenBank Accession No.: EW968294). 13 % (GenBank Accession No.: EW968303). 14 5 (GenBank
Accession No.: EW968304). 15 5 (GenBank Accession No.: EW968305). 18 5 (GenBank Accession No.: EW968308) 5t %
HEFTRENFRHER, BEEMELFONERIMINFAH K LER, ) CASP8 A= FADD KA+ tn o2 M 5t
THETFTEE. o-2-HS-HEEE. M4 FE. £4 RIH LM R —FF mMRNA £6FAUR M R4 & B 69 % 4K E (14,
15. 18 T M) THAAZ B AR KRB HAXEE . AR —FARA T B KA R RAEILE T A,

K& B AROR KR, AHFER, FIE, 2HKRET cDNA LE, WHELRE
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Abstract: Microtus fortis is naturally resisitent to Schistosoma japonicum. In order to find schistosome-resistence-related genes of
Microtus fortis, a T7 phage-display cDNA library from liver of Microtus fortis was screened with the soluble lysate of schistosomula.
The specific phages were enriched 375-fold after 3 rounds of biopanning. Ninety-two positive clones picked at random were
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sequenced and 19 ESTs including 6 unreported genes were obtained. Compared with the negative phage clone control, five positive
clones, No.4 (GenBank Accession No.: EW968294), No.13 (GenBank Accession No.: EW968303), No.14 (GenBank Accession No.:
EW968304), No.15 (GenBank Accession No.: EW968305) and No0.18 (GenBank Accession No.: EW968308) could induce
significantly higher schistosomula mortality rate when co-cultivated with schistosomula. According to the function analysis and the
shistosomula-killing effect in vitro, the genes encoding CASP8 and FADD-like apoptosis regulator isoform protein,
alpha-2-HS-glycoprotein, M4 protein, R3H domain (binds single-stranded nucleic acids) isoform 2 and 3 previously unreported
proteins (No.14, No.15 and No.18) obtained here, were schistosomiasis-resistence-related genes of Microtus fortis.

Keywords: Schistosoma japonicum, Microtus fortis, liver, T7 phage-display cDNA library, schistosomia-resistence-related gene

1M % 5 9% (Schistosomisis) & — il g 25 /™ 5 1) A
ML, R R DA U, E RS RN
6.5 12 N2 B, 2 1.93 A2 AR i st
o, H A I O A T A At AR R T
K, AAET E A 2 84 7 NIy, 6500 1 A5z 21k
A, BT E A 39 Fhii L sh P AR H A M
1 {HZ5 )7 H B (Microtus fortis) g M — —Ffr 3 328 3
B RS H A i W B E A R AR BT B i W S
REOHR RIS 24 Rk, ST 47 H R
H A 1M W A B P BIL A 9% 2 B4 v — S i 2=
FEBT, HAPUR ML AN TE 2 . TR 4 R
I W 3R B T AR O AR R A BRI
AR Y H A 10 e 9 A K H AR I i 43
MU, B4 7 B BB I W e p v A DG S IR, A1)
FH B i 0 H 3 B e ] A 7 0 A Y A
P B4 T B ROBFIE 7 Wk T A Je /s SO A7 1 O
B, X e ARAS B 4 Bk FE R DA T T 4 E N
ARG %A I Hhe B AR5
1 MHAh i
1.1 ##

111 KT H EUFETT I 1K e cDNA X/

AR5 FH ESUHEIUE T7 W05 TR 4% Ji€ /s cDNAA ST R AR 52
e, HIEZAE N 1.3x107 pfu, § )5 0%
JEh 1.8x 10" pfu/mL. K9 385 SCEMBR R 1 x
10" pfu/mL .

1.1.2 2R

RPMl g0 5555 50 B GIBCO A #], #2777 5hvd il
BRCH, MATERREFREL, W 20%5E4 I3 f5 R
SEakigRt. T7 HR519F 5 Novagen 23 HEIfY
T7 Select 10-3b Cloning Kit {8 H424t, g
BANFIA R, RSP 5 5 -GGAGCTGTCGT
ATTCCAGTC-3', TFiisI#¥5)k 5 -AACCCCTC
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AAGACCCGTTTA-3' , Tag DNA B4 N FifgE T
A TR BRI ™ o
113 W58 58

T7 W47 321 BLT5403 4 [ Novagen 2\ il o
H S Il W 22 Bobk B2 i Pl A BT AT MR Zs 4R it . i ==
F142(2.5~3.0 k) A i 152 GRS K sh WA 35 .
12 A&
1.2.1 H AR R A I 7] 5 R P i i) 7

L 7000~8000 2% H A [fil W H B2 dh 42 i 5 e vk
BRYSHTE 2 %, TS 13 d FI, AT T# K
R AR E R, B PBS REWTEE, THRA
R UHE R, BB E 15 mL B.O0E, A
500 puL PBS ZZiiil, /A UkfE 3 ¥k, HA 15 min
(80 Hz, [alfg 1s), 10 000 g &5.0> 30 min, B ki, 4
AN I B R B, —20°C PR AF A H
1.2.2 B RN SFH T

H A i W 3 e n] s 2R F TBS Fi e vk i
% 10 pg/mL, DL 100 pL/fLALgi Rk, 4°C 17k,
1xTBS ¥k 3 %, LA 200 pL 5% ifi i (A 2 1 B,
4°C o, LB TKkUE 5 W, BN ATEE N
1x 10" pfu/mL fY W R 1ASCE 100 pb, ZiEMFE 30
min, 1 x TBST ¥ 5k, #FLJIA 4 mol/L R % 200 uL,
FIEE 15 min G, WESIFRIK, TR
T D0 7 PR MR T W AT B2, T PCR %87 PH M 5 b
A R TR/ IN A ARG I 26 15 O o K Do IO R T
B BLT5403 $744, I Bk Iy ik b AT ™ —48 1
BEo SLHETT 3 ARk
1.2.3 M E

¥ 15 274 BLT5403 28 F MOLB K557, 37°C
200 r/min }55% % ODgoo fH A 1. HX 10 pL PR 4"
IS TR B, 4% 1:100 HBEATRE R RE, 15
AN R B F B P 45 B 100 ul, 4 S A#] 250 L
BREEFEHIWE, TRS), 37°C YEM] 10~20 min, 552
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WIRIRA ST LB V4R [ )2, 37°C {81 & 557 3~4 h,
023 G R 7y O 1/l N | F/N v g = R
AR =X (8% P M T B Bz PRy
T AR A < 10) PP HR 28
1.2.4  HIPEEER) PCR K4 R S5

LA N B 7 4 P 0 I VR U R N R B
WBE, DLT7 84K5 11T PCRY™HY, %7 FHI: s b
AN BER /N3 AT LIS DN 6 e 15 O . 268 = AR fS
FHPEARY 3, YRR BE, H T7 8dk519 L) PCRY”
AN KBS, H1 Invitrogen 23 AlISE PCR 7211 B 4%
TRRITH . PCR L4 N: 80°C TSPk, 94°C A&k
50 s, 50°C iRk 1 min, 72°C %E{#i 1 min, 35 ME3F
J&i, 72°C ZEfi 6 min, B 5 pL 47 1%30 8 HHEE AL
VKA
1.2.5  JFA 54 Hr R 2 F12) gE 7

B BT A5 7 51 T DNAMAN B {077 3254y
Br, RIBCEAEE L P4, 16356 2 A BB (NIH)
B GenBank ¥ #i& £ (http://www.ncbi.nlm.nih.gov/
BLAST) H il 47 [A] J5 /¥ 51 A $k . FI A InterProScan
(http://www.ebi.ac.uk/InterProScan/) }z http://www.expasy.
org 7E £ N 2 1 I RE .
1.2.6  MHHESEEEXT H A 11 R A2 3 1 9 1R S5 1y 5 52

HRHE 7781 43 A 4 SR, BOAS [R] 4] 1 B P e 3 4
A BLT5403 W W #4797 4, W BiE, A
PEG/NaCL(20%[# PEG-8000, 2.5 mol/L NaCL)4lifk
B I T AR IUR T AR B A 10° pfu/imL. 4 SCIR T
PO R 4 2, ]l RPMI1640 58 485 37 13
#ew MO, A 96 FLAHMLRE IR M (B 4L 100 plL, %
50~70 4k # ), T 5%CO, 37°C ¥i &l i, W HImA

10 pL Aife i v R R A, BEOYRERL 3L 3N E A AL,

B3 25 (I BEOIN A RPMI 5% 4455 95 28 ) Fl 93 1
RS IR (A PCR % 5 I R 47 14 3 S5 - BE (4 1
), LR 96 h, & 24 h W% 1k, &
AT R AL T 0 E AR IS ek

2 R

21 EEARRXENGFIE

FAH A H 13 H i 30 2 i T i 2
W SCIE EAT O e, 22 = He SR AR e S, PR A
FIRH A —4 1Y 3.6 x 10° HEHNF 4 =481 2.1 x 105,
AT 375 f%(5£ 1); PCR Kl 2h i WoR, Bl

BEUCR AT, P59 SNIE R BER /N 2 B0E A 4R
o BIRESRIER, SR B R AR SRR
PR AR BB 25 B3

F 1 FBRTIEAMEE K89 E K (pfu, %)

Table 1 Recovery rate of phage clones during biopanning
(pfu, %)

Rounds of Phages added Phages eluted Yield rate
biopanning (pfu) (pfu) 1%
1 5x 10° 5.6 x 10° 1.1x10™
2 5x 10° 7.9x10* 1.6x107°
3 5x 10° 2.1x10° 42x107

2.2 PBAMTEERY PCR £ ERFFINE

BEALPREUE = 5e 0 Be ARG (9 100 > Fo kS |
DNA FHIE, 345 T 92 AN val il A B4 .
X245 R DNAMAN B 0F kA7 R 2804, 1531
T2V RAREE P, Srailic o ke 1-21, H PCR %
ELRIE 1, Hh 1 S pe i R, b 16
W, HRAKR N 8 S e Bl 10 ¥K; 12, 15 S ik
HPL8IK; 10, 13 5L 61K 4. 14, 17 55
GEIL 5 UK 6 SR B 41K 5. 9. 11 Sk
3K, 2.3 5 ek BN 2 Wk, HiAh TR B 1 UK,

FI ] BLAST #0448 & ixX 21 45 ESTs 7£ GenBank
R [ElERR8Y, R InterProScan (http://ww.ebi.ac.uk/
InterProScan/) & http://www.expasy.org 7& £k I if) H
i TR RE . 45 AT 13 £ 04k 3) T 5 H R
PRIEENR . HPad 5 MEEEN: SRERKRA
TR (1 5 s ke) AN (0 % C E L3 5 7ifk) .alpha-
2-HS-glycoprotein(6 5 5efE) . NEMEAHEE A i &7
S IERE) . DNA HHHDSTFAGEE 11(9 5 5ikE); 5 Fh 25 5%
F: 46K D 458EMQ k). A R3H 45t
B —F mRNA S5 5 E 114 T oakk) . BIEE M EG
SrikE) . ZRMENEL AR (8 ). M4 E
(12 5 5ikE); 2 FifE o HEA: B4 K alpha 8(10
F i), CASP8 il FADD &MU PE4H M HEvE T
AW E A (L3 5 k), LRI E A RHAEK
M S18(11 5 5ek&) . A 6 45741 A UL A s 1y [R] I 2K 1
(14 5~19 S 7ipE). MNP KITHI(0 5. 21 5
S ) WA B T RS T A, (XA JE R R B AR
B PR S ) A X RS R R,k SRR 1 B I
Ik GenBank B SEIEEH R IKZE . H K 21 &)751
B A W) 15 B2 B S fE GenBank [ % i 5 1 L
%2,
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& 1

PRIESEBE AR B Er PCR 4R

Fig. 1 PCR products of positive clones screened from the T7 phage display library
M: DL2000 marker; 1~21: the PCR products of positive clones

*2 MHEEARRT cDNA XEMIEMRMREHEMERFEDF
Table 2 Bioinformation analysis of positive clones

GenBank

Serial ! NCBI GO term annotation
b Accession — -
number No. Definition Process Function Component
1 EW968291 pipecolic acid oxidase [Rattus norvegicus] electron transport oxidoreductase activity
2 EW968292 vitamin D-binding protein [Mus musculus] transport carrier activity extrsa;::CILular
3 EW968293 cytochrome ¢ oxidase subunit | electron transport cytochrom_e-_c Membrane
[Cratogeomys fulvescens] oxidase activity
4 EW968294 S|m|Ia|_' to RSH 'domaln (binds smgle—stra_mded nucleic acid binding
nucleic acids) isoform 2 [Rattus norvegicus]
. . . - AN extracellular
5 EW968295 Apolipoprotein E [Rattus norvegicus] lipid transport lipid binding region
EW968296 alpha-2-HS-glycoprotein [Rattus norvegicus] kinase inhibitor activity
Acyl-Coenzyme A dehydrogenase acyl-CoA
l EW968297 medium chain [Mus musculus] RlectrorNsafisport dehydrogenase activity
8 EW968298 poly (rC) binding protein [Mus musculus] mRNA metabolic process nucleic acid binding
9 EW968299 topoisomerase (DNA) Il beta [Mus musculus] DNA topological change DNA t;)g?\',?&merase chromosome
10 EW968300 integrin alpha 8 [Mus musculus] Integrin-mediated signaling receptor activity Integrin
pathway complex
11 EW968301 ribosomal protein S18 [Mus musculus] translation structurrail:)gggrs]?etuent of ribosome
12 EW968302 M4 protein [Rattus norvegicus]. nucleic acid binding
CASP8 and FADD-like apoptosis regulator . - . .
13 EW968303 isoform 1 [Mus musculus]. Signal transduction regulation of apoptosis membrane
14 EW968304 No find
15 EW968305 No find
16 EW968306 No find
17 EW968307 No find
18 EW968308 No find
19 EW968309 No find
similar to Intelectin-1a precursor (Intestinal
20 EW968310 lactoferrin receptor) (Galactofuranose-binding
lectin) [Musmusculus]
21 EW968311 unnamed protein product [Mus musculus]

24 KIMNRIGRIGLE

Bk 21 ANPAMERE AR B Sk g 14, 15, 18, 19 SRR 06 h G0 2 RUBE
JeHEFE, 24~96 h EHSET- R WK 3, 1. 5. 14, T a5 B I 155 T 9P W A1 A A 1 B B i 5 1) 3
15,18, 19 SRR L% SR 24 h iIE R E ML %,  FET-#8(P<0.05). 7E bk 4 EHEBL NG 3 AN H] B
4. 13, 14, 15, 18 S oo it 48 Wi (W3 HBU T2 0 35 i T P 1 e o 4K 17 I T R e b A
MBETA, 4, 12, 13, 14, 15, 16, 18 SwifEfedt 4. 13, 14, 15, 18 5 3ufE,
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Table 3 Killing schistosomula effect in vitro of some purified positive clones screened from the T7 phage display library

Serial number

Mortality rate/%

24 h 48 h 72h 96 h
1 9.79+1.25 13.61+1.73 21.85+2.23 28.87 +2.78
2 8.16 + 2.16 12.79+2.80 18.94 + 2.56 23.64 + 2.65
3 6.43+2.26 13.17 +2.99 20.80 + 4.22 29.11+2.61
4 6.49+1.76 15.92 + 1.06 23.65+1.75 34.58 £ 2.27
5 10.04 +1.75 14.52 + 2.04 21.91+1.86 27.78 £ 1.42
6 8.20 £ 2.05 13.12+2.21 24.94 £ 2.84 33.21+3.25
7 5.43+2.08 13.84+2.78 18.39+2.08 22.80 +2.96
8 8.60 + 2.22 11.65 + 2.54 19.69 +1.20 27.29 +2.98
9 6.26 +0.81 13.20 £ 2.32 18.77 £1.95 26.70 + 3.61
10 6.53 +2.81 13.16 +1.23 17.62+1.76 23.56 + 1.54
11 7.10+1.98 12.68 +4.10 19.71 + 5.58 25.28 +6.81
12 6.26 + 0.64 15.14 +2.43 2473 £0.75 36.52 + 1.55
13 6.68 + 0.89 18.11+1.33 29.11+2.39 37.31+3.54
14 11.14 £ 2.15 18.85+2.79 27.50 + 3.34 35.76 +4.51
15 9.28+2.19 16.83 +2.43 27.49 £ 3.16 32.53 +£3.39
16 8.69 +1.93 15.93 +2.48 22.24 +1.89 28.14 £+ 1.50
17 6.14 +1.17 15.43 +2.25 21.64 +2.82 25.82£3.24
18 10.07 £ 2.09 17.38 +0.97 23.47 £1.53 30.34 +2.89
19 9.13+0.73 13.05+1.49 20.46 £ 1.06 28.64 +1.90
20 7.18 +1.55 13.38 +3.99 19.69 +2.77 22.83+241
21 7.23+1.41 12.71 +1.40 20.05+1.22 27.19+3.19
Negative phage 555+1.24 11.14 £ 2.02 17.60 + 2.03 23.66 £ 2.16
Blank control 4.40+1.32 9.59 +0.89 13.88 +0.91 19.08 + 1.63

3 Wi

IRy H B TR L I e A T DX B W) A
Aii B — A EURD o AR M FE 2 B, H A o R
VAT DX BF A 2y T R CIR J  f FEE ) B0 Al AR a8 oy
VAT X B A A7 BT A6 45 i) VRN 25 55
f 2R H RISV ELA B A I W URE T, B R R
FH BRI W H A Po e S T A Y, AR 7 AT RE L
AP0 H A MW AN . B4Rk, R
P FUBE I R SR 56 RE DR I 9 T, [ 2 s i 2 )
3 3o A 2 B R R R b e 21 LA X H AR I
W A IR AL DR, DA e A B A T ) R
TR MR KB T 22 E R R LR L
B FEREA KT (1IGF-1) . ¥ b A 20 203 1 45 R
F S S E AR S LI AT CD74. MHCI, MHCII Z84%
S G 2 A 5 35 DR (14 2 38 2 57 ] Rl HL ot R g
AHICAN, HE R e

Wk TR A % 78 B — Pl e] LIRS H Bk ] 5 ek

K7 T () — W B A AT b 7 % 56 AR 1 4
AR, BB T BRI R A LSS, AT LR i 2 A

BCOREE G 73, LA B 2 R0 5 Uk O 12 3
AR bR AR 2 A 0 43 A U I R R 2 A
ERNEER IO E, WA EE . s
PR SRR T B o B AR/, BRI, X 3
0 S BE ROV AL AR S BUER, A o) = B e il o A
A7 AR, B IR A T R K T
B E I B, i 2 ORISR AR o O R A
ARJ7 BT TR BB B . 7850 Ik T A
ANEOR BURE RGP L e B A AR SRR W AT |
BRUTFIE L i JFE % JH ¢ 2L S A e T 1R Jié 7 cDNA 3%
BEATRAEYE, TAE AR A BLAR D5 B R I
TR P A BORAE

ABIESE ) H A 1 87 A e gk SR W X AR
FH BRUTF I B A J 7 cDNA SCPEEF 7 i, 3RA5 T
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19 M R PHE W A v e . P AT 68%(13 4~ ESTs)
R EER FIFRIK T 552 A5, 32%(6 4~ ESTs) 5
EL 13 R RN 3 38 7 S AR & TC IR R PR, BT Rk Iy
HIkR%s, Hif A cDNA F B K/INE 300~800 bp =[]

LA N R R A e el R i S
A ERES S 0 B AR T RS L B PR TR A R, Hrh
4,13, 14,15, 18 SrefEfEILI%EFR 24 h, 48 h, 72h,
96 h H ] Bz Y = A B[] BE i 5 A B RUAE T 588
TR B A S E BT R . (BT ek
St 1 PR B A A R B R R AR B R ot 3
AT RE S BHA 2R B R R AR Bk I 2 B A
S50, AR SCIT AR AT A e TR IR v B SR R 1 B N
HrpmdE—pE T, HRRANIFESZEEND, &
e R S T AR I, O HAE A T A BRI A
B

SR BT SSRGS, FRATIA
S LA JUAS SR AT DA Ry 4 Ja F 58 AR O EH R o
WGP DI M3k 43+ 1. CASP8 Fl FADD 28
LI 20 MR P PR PR TR 1 B 1 (13 5 v k), e
7% 96 h 53 (W 5 AL TR 5 ik 37.31%, ZE 12—
s S EA, FHMRETER . —BOoRIFZEE
PRS2 TR AR (A 4 b i o 2 b 505 3 40 i 2 i
R MR T E N AR, IR RS RN — R
SES, AT EAMMIET . HENNZE R T H
SR I R L H ) P RT3l i WA L 4 D e R 1
BET-. 2. alpha-2-HS-glycoprotein, 7E3LER5E 96 h i
SR ERIET R 33.21%, XE A AR EA,
SR b 2R R R, BRAS R A A
QIR e RN E AN, XTIy, 7EmE
PR (AR B ) RAE ) IZ B 1 — A B, 5
HMEDT L By A A AR, X T Sear AR dUZ
B AR BTN 0y TR B O ME T, (AR IR
FIAE HOAS I W% s AF 5 J7 T 0 AH Gl 3. AR
mRNA Z5 5 8E 1, 40lJe M4 E L HEA R3H 4544
B —Fh mRNA LG8 H, ARCR 518 36.52%
1 34.58% ., iX A K [ 3 il i 45 4 AH B Y mRNA JP
GIAE R, FEA S i S A HEA T, DT EL BT B4R e 2
A FRVEPE R A . (HIZZRE A —BER AR
W VE FHEE 11, Ao 285 BEEF N\ At 48 it 9 d5 28 7= A=
YERIEA 5 T B9 1 o

AR VLB B W 7 5 i ESTs H, 14, 15, 18
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5 AT B I R O AR B, R
1A R BB 2 A< Jr B BRUARR S5 108 0 ot W A G 7
ARl RACE 1977 78 AR J7 H B3k IR 41 SC P v
B A IR, 3RS 4 K S HE nT gk — 2 4 i
g
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Tissue Engineering

By van Blitterswijk et al
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Tissue engineering is one of the fastest growing fields in technology and
medicine. In the United States alone, over half-a-trillion dollars are spent
each year to care for patients who suffer from tissue loss or dysfunction.
This important science is enhancing lives by providing replacement
human parts, from heart valves and skin to nerves, muscle, cartilage and
liver tissue. As such, large amounts of money are being invested in this
developing field as it grows as an area of study. Tissue Engineering is the
most comprehensive text available for upper level undergraduate and
graduate level courses in tissue engineering within bioengineering,
medical and research departments. It surpasses other books that merely
provide a collection of research and protocols and presents an insightful
examination of the different aspects of tissue engineering. Full-color
throughout, extensive examples, and ancillary material optimize the
usefulness of this book for students and professors.
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Simulation facilities are invaluable for training in medicine and clinical
education, biomedical engineering and life sciences. They allow the
practice of prevention, containment, treatment, and procedure in a
risk-free setting. This book is a practical guide and reference to the latest
technology, operations and opportunities presented by clinical simulation.
It shows how to develop and make efficient use of resources, and provides
hands-on information to those tasked with setting up and delivering
simulation facilities for medical, clinical and related purposes, and the
development and delivery of simulation-based education programs.
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This unified modeling textbook for students of biomedical engineering
provides a complete course text on the foundations, theory and practice of
modeling and simulation in physiology and medicine. It is dedicated to
the needs of biomedical engineering and clinical students, supported by
applied BME applications and examples.
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