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Abstract: To develop a new recombinant hepatitis E vaccine, we used Hansenula polymorpha expression system to
express recombinant hepatitis E virus-like particles (HEV VLPs), to construct a recombinant engineered strain HP/HEV2.3.
The fermentation conditions and purification process were studied next. The first working seed lots were fermented in
liquid culture, and the fermentation products were collected, then crushed, clarified, purified by ultrafiltration, silica gel
adsorbed and desorbed, concentrated by ultrafiltration, purified by liquid chromatography and sterilized by filtration. The
purity reached 99% with a yield of 33%. Electron microscopy analysis revealed that both the purified recombinant HEV
VLPs from HP/HEV2.3 and natural hepatitis E virus particles appear identical of being 32 nm. The resulting DNA sequence
obtained from VLPs is identical to the published HEV sequence. The SDS-PAGE analysis has revealed that the protein
molecular weight of the HEV VLPs is 56 kDa, and the expression product HEV VLPs were accumulated up to 26% of total
cellular protein. The expression level is 1.0 g/L. Western blotting, enzyme-linked immunosorbent assay (ELISA) results of
the protein and EDs, of the vaccine showed that the HEV VLPs have good antigenicity and immunogenicity. In summary,
the recombinant HEV VLPs from Hansenula polymorpha can be used in the manufacture of a new genetically engineered

vaccine against hepatitis E.
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1.10.2 EDs, ( ) HP/HEV2.3
HEV VLPs 2.5 ug/mL 5 6
0.625 pg/mL  0.156 pg/mL 3 23 EHIEHUHER
SPF BALB/c DEAE Sepharose
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Fig. 2 DEAE Sepharose FF chromatography curve
(280 nm).
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Fig. 1 Identification of HEV ORF2 recombinant
strains by PCR. 1: DNA marker DL 2 000; 2-7: HEV
recombinant strains.

3 Sepharose 4FF 9\ R4 14 280 nm I U4 J¢ i &
Fig. 3 Sepharose 4FF chromatography curve (280 nm).
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4 ®BIL4{LE) HEV VLPs EH B KR

Fig. 4 SDS-PAGE analysis of the HEV VLPs purified
by liquid chromatography. 1: molecular weight marker;
2, 3: DEAE Sepharose FF peak bl (Fig. 2); 4-7:
Sepharose 4FF peak a (Fig. 3).

24 HBTEHMBERST

HEV VLPs 32 nm

".’ »"

BN HEV-2 HXSW e
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B 5 HEVVLPs B FEHIBEHELER
Fig. 5 Electron micrograph of HEV VLPs.
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2.5 ELISA #&

1 10000 1

2.6 SDS-PAGE #&3M

SDS-PAGE 4 6 7
56 kDa
6 6 2
26%
1.0 g/L
33% 3

F 1 HRBEREREY ELISA #45 R
Table 1 ELISA analysis of the cell lysate

Asso P/N Dilution
HP/HEV2.3 1.03 8.5 1:10 000

1.54 12.8 1:5 000

2.12 17.7 1:2 000

Bl 6 MM LEFEEARKIINER

Fig. 6 SDS-PAGE analysis of the cell lysate. 1:
HP/HEV 2.3 cells before inducing; 2: HP/HEV 2.3
cells collected from the 30 L fermenter; 3: positive
control (HEV prokaryotic expression); 4: negative
control (prokaryotic cell without HEV gene); 5:
induced HP/HEV 2.3 cells collected from 20 mL
shaking flask; 6: homogenate of the HP/HEV 2.3 cells
collected from the 30-L fermenter; 7: negative control
(Hansenula polymorpha without HEV gene); 8:
molecular weight marker.
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x2 AR LEEORKET (B 6 FHYKE 6)
BB ERFEABIINER

Table 2 Gel imaging system scan analysis of
SDS-PAGE image of the cell lysate (Fig. 6, lane 6)

Bands Molecular weight (kDa) Intensity Percentage (%)

1 108.33 66 1.79
2 98.23 100 3.58
3 92.55 85 0.62
4 86.66 120 2.60
5 82.84 131 231
6 75.55 146 20.83
7 60.61 127 3.37
8 (HEV) 55.73 163 26.18
9 49.57 141 2.56
10 43.17 138 2.90
11 39.37 122 2.18
12 31.90 150 2.96
13 27.98 132 2.24
14 26.28 138 6.78
15 18.77 165 19.10

#x3 Kk $£E HEV VLPs IR

kDa

— 974
- —66.2
43.0

31.0

20.0

14.4

B 7 ‘AR LFMVSELERBRIKER

Fig. 7 SDS-PAGE analysis of the preliminary purification
of the cell lysate. 1: silica gel desorbed supernatant
concentrated by ultrafiltration; 2: silica gel desorbed
supernatant; 3,4: washing supernatant of silica gel
adsorbed precipitate; 5: silica gel adsorbed supernatant;
6: molecular weight marker.

Table 3 Percentage yield of HEV VLPs from each purification step

Quantity of HEV VLPs from 600 mL

1 0, 1 0 1 0,
Step fermentation products (mg) Purity (%) Percentage yield (%) Total percentage yield (%)
Crush 602.85 26 - —
Clarify 525.10 31 87 87
Silica gel adsorb
and desorb 309.45 46 59 51
Purified by DEAE
Sepharose FF 252.96 67 82 42
Purified by
Sepharose 4FF 199.24 99 79 33
2.7 Western blotting £ 7F 2.9 JEEIN EDsy (RERM) &
Western blotting 8 2.9.1

56 kDa HEV VLPs 2.5 0625 0.156 pg/mL

2.8 HPLC #i#ff 3 3 10
HPLC HEV 1-10 Group 1 2 3

VLPs 99% 9 4
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kDa 1 2 3 Retentjon time Detector A (280 nm)] Volts
, 0.007 5 | 0.007 5

£0.0050 0.005 0
© o <«
=0.002 5 a=g 0.002 5

- 0.000 0 |——a2=—F— 0.000 0

| - Qauaeameeaeam
| Q77 &7 AR O G A D A TN A
6621 « HEV56 kDa ’(m‘“)

9 HEV VLPs £ 5L m#) HPLC &%
Fig. 9 HPLC result of the final purification of the
HEV VLPs.

8 HEV VLPs 5% 4 {L# S i Western blotting 3 itk
EEHER

Fig. 8 Western Dblotting analysis of the final

purification of the HEV VLPs. 1: molecular weight

marker; 2: purified HEV VLPs; 3: negative control

(Hansenula polymorpha without HEV gene).

3
2.9.2 Reed-Muench EDs,
— 0 —5009
( 50% 50%)/( HEV
50% - 50% )=(91.67%—
50%)/(91.67%—18.18%)=0.57
o ° ©) VLPs HEV
50% = 50%
HP/HEV2.3
+ X
=1g0.625+0.57x1g0.25=-0.55
. ~ [14-15]
EDsy (ng)=10°"" =107"%=0.3 VLPs
[16-17]
EDsg 0.3 pg
F 4 HEV VLPs &/ NRIniEE R s R
Table 4 Antibody titers of the HEV VLPs-immunized mice
Asso Seroconversion
Group Mouse 1| Mouse 2 Mouse 3 Mouse 4 Mouse 5 Mouse 6 Mouse 7 Mouse 8 Mouse 9 Mouse 10 rate (%)
1 2.371 1.506 2460 1.166 1445 1.564 1.127 1906 2.390 1.166 100.00
2 0.268 0.507 0.024 1.363 0.575 1.145 0.794 0.893 0.993 2.306 91.67
3 0.006 0.004 0.001 0.001 0402 0.013 0.008 0.186 0.066 0.098 18.18
Negative 101 0002 -0.002 - - - - - - - -
control
Positive ) o71 3.165 - - - - - - - - -
control
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26% 1.0 g/L
99%
33% ELISA
1 10000 EDs, 0.3 ug
HEV VLPs
[18-21]
[22-25]
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