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[Abstract] Objective To investigate the biological theory and experimental foundation for transduction of exogenous
genes into cultured Schistosoma japonicum (Sj) cells using an amphotropic retrovirus. Methods The homologous distri-
bution, structure, and function of receptors for an amphotropic retrovirus, Rattus norvegicus (rRam-1), were systemati-
cally analyzed and compared using bioinformatics methods. Afterwards, the cultured cells of 12-day-old Sj schistosomula
infected with the amphotropic retrovirus containing exogenous gene E77. 43 were identified with PCR and RT-PCR in or-
der to integrate and express the target gene in virus-treated cells. Results Results of bioinformatics analysis suggested
two possible non-secreted transmembrane proteins, SJCHGC09605 and SJCHGC05362, on the cytomembrane of Sj, with
their possible roles as ion transportation or receptor proteins and membrane receptors for amphotropic retroviruses invol-
ving in the virus adsorption and penetration into the cells. Consequently, the integration and expression of the exogenous
gene, E77. 43, was detected in schistosomulum cells exposed to the viruses using PCR or RT-PCR analysis. Conclusion
Schistosomulum cells were transduced successfully with the amphotropic retrovirus. Notably, two proteins, SjCH-
GC09605 and SJCHGC05362, that are homologous to the rRam-1 receptor may play an important role in the infection
stage. Taken together, these results provide biological theory and experimental foundation for transferring an immortal-
ized gene into §j cells with an amphotropic retrovirus in future investigations.
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Fig. 1 Alignment of amino acid sequences of rRam-1, S. japonicum SJCHGC09605 protein and the related proteins to rRam-1 from divergent species
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The rRam-1, cRam-1 and hRam-1 is receptors for amphotropic retrovirus from Rattus norvegicus , Cricetulus griseus and Homo sapiens, respec-
tively., M. musculus_ AAH46510.1, NP_001009839.1, XP_539953. 2, NP_001073749. 1 and XP_001844212. 1 is a member of solute carrier family
from Mus musculus , Felis catus, Canis familiaris, Bos Taurus and Xenopus laevis, respectively. C. pipiens_XP_001844212. 1 and B. malayi_XP_
001898489. 1 is a member for phosphate transporter family from Culex pipiens quinque fasciatus and Brugia malayi , respectively; SSCHGC09605 and
SJCHGC05362 are predicted proteins of Schistosoma japonicum; C. elegans_ AAB71321. 2 is a hypothetical protein FO9G2. 3 of Caenorhabditis ele-
gans; C.briggsae_XP_ 001674477. 1 is a hypothctical protcin CBG19098 from Caenorhabditis briggsae. " * " mcans that the residucs in that column
are identical in thirteen sequences in the alignment, shown as grey color. ";" means that conserved substitutions of amino acid residues have been ob-
served. ". " means that semi-conserved substitutions are observed. Gaps introduced to provide better sequence alignment are indicated by dashes.
Numbers at right indicate the positions of amino acid residues.

2 SjCHGC05362 EA .Ram-1 FHRARHAMHEAEEASERSFIILE

Fig.2 Alignment of amino acid sequences of rRam-1, S. japonicum SJCHGC05362 protein and the related proteins to rRam-1 from divergent species
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Fig.3 Phylogenetic tree of SJCHGC09605 protein, Ram-1 family and homologous proteins from divergent species
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Fig. 4 Phylogenetic tree of SjCHGC05362 protein, Ram-1 family and the related proteins from divergent species
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Fig. 5 The Results of conserved domain searching by RPS-BLAST in NCBI
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Predictprotein 25 TR A9 o- 42 JiE X & ProtScale 2%
T A g K X A B A — B

1.6 SjCHGC09605 #= SJCHGC0536 & & & A+ & #4
BB AL E 24 38 PSORT I # 7 4 % it 2
fir S; % B #EAT 1R 5 ORI 40 i 2 125 5 B, BOR 2
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600 pg/ml G418 Sl 10 d, t HES i th A I 52 6 JZF InterProScan B F ¥ S MEOQLEMHNBRER
M. VBT 40 B TR, # F pLXSN-77. 43 45 % Fig.6 Domain search Results of five proteins by InterProScan program
TN EE R B 3X10° efu/ml.,
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Fig. 7 The resultes of secondary structure of SJCHGC09605 protein from S. japonicum by predictprotein program
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Fig. 8 The resultes of secondary structure of SJCHGC05362 protein from S. japonicum by predictprotein program
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Fig. 12 Result of PCR detection Schistosomula cells infected with
PLXSN-E77. 43 retrovirus
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Fig. 13 RT-PCR detection for transcription of E77. 43 gene in Sj cells
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— ARk B MRS B A TR R B B AR BE IR Eh B B

TRBF PHO-4%, 2 554 Be 4% 1 25 B8 X% 40 i 41 ol % &k
FRAT R, 2 A B8 B F S5 R 2 M B ) i R 3k
85 4 55— NER A AR bR ai s A
L3797 3 A2 PRL42) TR B A5 1 T 12 32 TR TE A 28 40 i s
b E T FEAE NS TR A R B R AR (B AR
W BAAE R B 5 5HEREY) R M2 2R
RN IE F R BT BR AR R B R R A R R
TER S FREBEWZATS 5 KEIR A MK
]I Rk B BDRE N B LR R E B LR
PA K 10AT B i 9 33240 ok A 40l 1y SRR e it A

R E R 45 B W, SSCHGC09605 F1 SjCH-
GC05362 % H "I BB A 2Kl rRam-1 Z (K& H M 1)
BB PRI R M FEES SRV RS,
B Bl 40 1 52 AR IE B9 A8 BRAR A AR, I 7E XUE PR 5
SRR RS RS RESN SRES S N Z IR
A, Miller 2209 rRam-1 Z{k cDNA 45 2 ¥:H41 5
LRRF YA mRNA ST 2238, 76 39 L ik &% 12 5
Y H mRNA 4G B 3255, HEE R o 38 4 i
of B P 330 % S 9 7 A R BE G R, A A X R A i
BLRiEAFE Ram-1l ZEPMFIEE A 3. Burns
U SR B AR U TME 40 B R 35 Ram-1 24k,
1B R U P 3 5 S T AR AR R ZR R 88 T BT P Rk
JedR i B 40 B, FFEAME R H R S B AR E A
E.

VB A J5 37 1A B i B 3 T A 2R R b 4
BREA. I 7T M SJCHGC09605 i SJCHGC05362
AR A TR R A5 B R, 2 A
BHEE o X, % XK — 855K 8 X
W 2T L, R AE A EBRESH R 15
XoF 7K 1 0 B R DX Y T 4 & 3, SSCHGC09605 F
SICHGC05362 438 7 MR 5 AKX RBEK, 5
H BRI HEA - RY L REA N EHE
EHM AR, Bt —F T M SJCHGC09605 Fi
SJICHGC05362 75 1 7E 40 g i W€ hi 1& 5L » & P 52 A
PSORT [l B X HAE#— S &R B, Bk 2 #
EAHREHESIK GRAERE N FH EENFES &
LA BRI B A5 5 25 Y B P 5 A R i B DA 4 L3R T 3
IR BAR 1 % i3 45 # #55 e (transport motif from cell
surface to Golgi) , 378 E 17T BB AL T 4 M iR 1 fry 2%
i i 5 59 B 3 4> . PROSITE motif search 2 /% 43
BrR R BN 2 Fp 2R B B4R AT B3R 5 B i AL A0, 3R
HZH5ESH IR,

AT GE R BRER DL P 33 e SR s FE IR S) 41 i
AT, I E77. 43 BL AR 9 4y TR0 TER R R
A i J 38 o W R R 5 AR R AR R S 8 T
i, S BMBRG YIS 12 d 3 JUH B4 A,
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AT RS, EEMERE 3 d /T ILH 2L,
BFREH 10 d HiR s34 £, A BrdU-ELISA &
TIE BH HC A 0T 4 B RE 7, JF 3 45 I 3% 7 91 40 B A LI
PR AR IR A . R RS 10 d. 48
B4R 69 DNA fit RNA 4 5l# 47 PCR 1 RT-PCR %
. E77.43 F2H 1 PCR R BN, R /R T B e 0 Y
R RN B R R B R R R Pk
3 B B Y, 3R X R R R A 0 i 2
TR Y S) B B A S B ANIR ET7. 43 R E S
EHMEEANTE., E77. 43 2 E A RT-PCR 453
B AMERRNERE RPN S ERMAM P BT
mRNA W55, e R] WL, SR P X 2 5 5 9 9
BHMNERESA S HBMEP, HAERFAAT RAER
& B mRNA H%EFMEL .

AT 5B S WE R SRR R A B
OWMER.FET S AEE L5 SJICHGC09605 A1
SjCHGC05362 BIME A NAE i SRR A, FL T
RERERREA IR FHEHERZREANER,
R B g P 5 SR A R W B R IR E R &
HmdExt e w s AR, AP RIESS, R A
XUGET R RGBS SME E77. 43 A% T
F S BRI R XS R R
HGACEENT S AMEE T TRKE.
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