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D AT EIHAI K S % E (Human papillomavirus, HPV)16 & R & & & L1 & % # X% & & (Hansenula
polymorpha) ¥ # & 2k &k ik, #R¥E L1 AN RLBRF | A Z B RABRHGEDTmEMRE, - L1 &4 08HBAF 5 #HATH
Wikit, AR T RENRBF ], 4% 4 HPVI6LL., A T B2 53R B 3)-F MOXp =41k F AOXTT 4 & A FIE T4, vA
JRoge A AR % A B URA3 4 ih ik 474, @& T HPVI6L1 ¥4 KX i pYMOXU-HPVI6. /A Sac I B&in/i4
pYMOXU-HPV16 4& # & Mk, ddsib % %ﬁix:‘ﬂﬁ#ﬁﬁé% H-ura3, RIEEHReeia ZAMNG L THEH . #@iL PCR ¥ A
HPVI6 L1 B@ R X EH AN CIHRFREHREA LI T M ETHESREEFH K HP-U-16L. Z L B L0 F hAibk
%, vA YPM (pH 7. O)ﬁ%m&lﬁ%x&ﬁﬁ%ﬂft I B AT AL ATIE 3 FR iR ODgoo H 1.0, H & 12 h Abn F B 2 4R E
A 1% (V/V), 37°C. 200 t/min &4 FiHF3E/R 72h B, HPVI6 L1 ZA ¥R EH AL T H 78.6 mg/L. KAR A S Ml
R HPVI16 L1 AW e A4l E 2 7 A ek,
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Abstract: The heterologously expressed L1 protein of human papilomavirus 16 can assembly into virus-like particles (VLPs),
which has been used as prophylactic vaccine for cervical carcinoma. To express L1 protein in Hansenula polymorpha, we analyzed
the codon usage of the native gene of L1 protein and redesigned the encoding sequence according to the codon bias of H. polymorpha.
We used assembly PCR to synthesize the native gene HPV16L1-N and the codon optimized gene HPV16L1. The synthesized genes
were cloned into pMOXZa-A vector to generate plasmids pMOXZ-HPV16N and pMOXZ-HPV16. The expression cassettes
MOXp-HPV16L1(N)-AOXTT were cloned into YEp352 vector and transferred into H. polymorpha. After methanol inducement, the
expression of L1 protein in H. polymorpha was detected from the codon optimized gene HPV16L1 rather than the native gene
HPV16L1-N. The parameters for induced cultivation for strain HP-U-16L with HPV16L1 were investigated in shaking flask cultures.
After induced cultivation in YPM (pH 7.0) medium supplemented with methanol to a final concentration of 1.0% every 12 h at 37°C
for 72 h, the recombinant produced 78.6 mg/L of L1 protein. This work offers the possibility for the production of prophylactic
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vaccine for cervical carcinoma by H. polymorpha.
Keywords: human papilomavirus, 16 L1 protein, Hansenula polymorpha, optimized expression
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3.4kb DNA ,
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(Phe) (Asp) (Gluw) HPV16L1 MOXp-HPV16L1-
(Trp) HPV16L1-N , AOXITT YEp352 Sacl
BamH 1 , pYMOXU-
, 505 233 HPVI16( 2B) pYMOXU-HPV16
(D GC , MOXp-HPV16L1-AOX1TT
, GC AT
GenBank pYMOXU-HPV16N
(GenBank Accession No. GQ423063) RNAfold
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Table1 Coden usage in HPV16L1 and HPV16L1-N

‘:‘C‘;ifso Coden usage in HPV16L1-N C"fﬁ,‘lv‘fgl_gf in
Ala  6GCC+15GCA+9GCT 30GCT
Arg  1CGGHCGA+3CGC+HIAGA 19AGA
Asn  20AAT+8AAC 28AAC
Cys  4TGCHSTGT 12TGT
Gln  11CAA+ICAG 20CAA
Gly  8GGA+I4GGT+8GGCHGGG 34GGT
His  SCAT+2CAC 10CAC
lle  9ATA+IATC+I2ATT TATC+15ATT
Leu  3CTT+SCTG+STTG+ICTA+23TTA  43TTG
Lys  I8AAA+ISAAG 33AAG
Pro  16CCT+16CCA+SCCC 37CCA
Ser  ISTCT+SAGT+2AGC+STCC+6TCA  27TCT+6TCC
Thr  13ACT+IACG+I7ACA+ IACC 30ACT+12ACC
Tyr  13TATH9TAC 22TAC
Val  SGTC+8GTA+14GTT+5GTG 26GTT+6GTC

The number before the coden represents the times of coden usage.

1 HPV16 L1 EH X% mRNA ZRKE#H(A)FIZEEF
R E Z R4 (B) LR

Fig. 1 Secondary structure of the native mRNA (A) and the
coden optimized mRNA (B).
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Fig. 2 Physical maps of plasmids pMOXZ-HPV16 (A) and pYMOXU-HPV16 (B).
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Fig. 3 Western blotting analysis of the expression of HPV16
L1 in H. polymorpha. M: protein marker; 1: negative control
(protein sample of H. polymorpha H-ura3); 2-5: protein

samples of transformants carrying the coden optimized
HPV16L1 gene.
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Fig. 4 Effects of different methanol fed-method on the expression of HPV16 L1. Values are means of three replications + standard

deviation. 0: ODggo; m: concentration of HPV16 L1.
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Fig. 5 Effects of pH on cell growth and the expression of
HPV16 L1. Values are means of three replications + standard
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Fig. 6 Effects of inoculum size on cell growth and the

expression of HPV16 L1. Values are means of three replications

+ standard deviation. =B : ODgo; —®—: concentration of

HPVI16 L1.

161 - 90
14- F80
121 r70 2
$ 1] :ggg
Q 81 Lo @
© 6 >
'30;
4 4 _20::
21 L 10
0- 0

48 60 72 B84 96
t(h)
B 7 FSEEMAEE KT HPV16 L1 RiAM AT
Fig. 7 Time course of cell growth and HPV16 L1 production
of recombinant H. polymorpha HP-U-16L in shake flask culture.
Values are means of three replications + standard deviation.
—&— : ODgo9; —®—: concentration of HPV16 L1.
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