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Pilot-scale purification of rF1-V fusion protein of Yersinia
pestis and characterization of its immunogenicity

Ting Fang, Jun Ren, Jinlong Zhang, Kexin Yin, Xiuxu Yang, Rui Yu, Xiaopeng Zhang,
and Changming Yu

Institute of Biotechnology, Academy of Military Medical, Beijing 100071, China

Abstract: Recombinant F1-V (rF1-V) fusion protein is the main ingredient of the current candidate vaccine against
Yersinia pestis infection, which has been under investigation in clinical trial in USA. We investigated the soluble
expression conditions of rF1-V in Escherichia coli BL21 (DE3) that we constructed before. After scale-up and optimization
of fermentation processes, we got the optimized fermentation process parameters: the culture was induced at the middle
exponential phase with 50 pmol/L of IPTG at 25 °C for 5 h. Soluble rF1-V protein was isolated to 99% purity by
ammonium sulfate precipitation, ion exchange chromatography, hydrophobic chromatography and gel filter
chromatography. The protein recovery was above 20%. Protein identity and primary structure were verified by mass
spectrometry and Edman sequencing. Results of purity, quality and western blotting analysis indicated that the target
protein is a consistent and properly folded product. Furthermore, the immunogenicity of various antigens formulated with
aluminum hydroxide adjuvant was evaluated in mice. Serum antibody titers of 4 groups including 20 pg rF1, rV and rF1-V
and 10 pg rF1+10 pg rV, were assayed by ELISA after 2 doses. The antibody titers of anti-F1 with 20 pg rF1-V were obviously
higher than titers with other groups; meanwhile there were no significant difference of anti-V antibody titers among them.
These findings confirm that rF1-V would be the active pharmaceutical ingredient of the plague subunit vaccine.
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Fig. 1 Diagram of pET42a(+)-rF1-V expression plasmid.
temper stirring pO, pH - S(H)
ature  speed % — Stirring speed
(*C) (r/min) (%) — Temperature
40.0 1 3007100.0 8.00
T
35.0 | 225} 75.0+ 7.50
30.0 150 50.0 7.00 -
250 F 75} 25.0r6.50 F
200 0t 0%6.00 L L d
0 1.8 3.5 5.3
t(h)

B2 rFl-V 58S

Fig. 2 The fermentation parameters curve of rF1-V.

@ 010-64807509 P< cjb@im.ac.cn



100

ISSN 1000-3061 CN 11-1998/Q Chin J Biotech January 25,2016 Vol.32 No.1

80
60

40

30

20
12

3 rFL-V BRI RINIEER

Fig. 3 SDS-PAGE analysis of rF1-V antigen obtained
after ammonium sulfate precipitation. 1: marker; 2: the
whole cell lysate; 3: the supernatant after homogenate
and centrifuge; 4: the precipitation after homogenate
and centrifuge; 5: the supernatant after the ammonium
sulfate (AS) precipitation; 6: the precipitation after the
AS precipitation. The position of rF1-V protein band
was marked with an arrow.
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Fig. 4 Elution profile and SDS-PAEG analysis of every purification step. (A) Elution profile of Source30Q. (B)
Elution profile of Phenyl Sepharose HP. (C) Elution profile of Superdex 200. (D) SDS-PAGE analysis of every step. 1:
the whole cell lysate; 2: the supernatant after homogenate and centrifuge; 3: the precipitation after the AS precipitation;
4: the fraction collection of Source 30Q; 5: the fraction collection of Superdex 200; 6: the fraction collection of Phenyl
HP; 7: marker. The position of rF1-V protein band was marked with an arrow.
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Table 1 Summary of the purification of rF1V

Purification ste Total protein Total volume  Purity Total protein of  Percentage
. (mg) (mL) (%) interest (mg) yield (%)
Homogenate 7 053.60 1 500.00 20.67 1457.98 100.00
The supernatant after the AS precipitation 1612.37 3000 52.69 849.56 58.27
Source 30Q 1135.20 190.00 56.10 636.85 43.68
Phenyl HP 418.07 58.90 90.50 378.35 25.95
Superdex 200 259.34 288.06 99.02 355.75 24.40
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Fig. 5 The results of Western blotting analysis, N terminal sequencing chromatograms using Edman degradation and
MALDI-TOF-MS of rF1-V. (A) Western blotting analysis of rF1-V. 1, 3: purified rF1-V; 2: 1F1; 4: rV. (B) N terminal
sequencing chromatograms of rF1-V, using Edman degradation. The first five cycles of rF1-V’s N-terminal sequencing is
ADLTA. (C) MALDI-TOF-MS of rF1-V for whole protein mass was observed at m/z 52 764. dptu: N,N-diphenylthiourea.
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Fig. 6 The serum IgG titer of anti-F1 and anti-V after immunized. (A) The Logarithm of anti-F1 serum IgG titer of
female BALB/c (6—8 weeks) mice which were immunized with 20 pg rF1, 10 pg rF1+10 pg rV and 20 pg rF1-V twice
(day 0 and day 28). (B) The Logarithm of anti-V serum IgG titer of female BALB/c (6—8 weeks) mice which were
immunized with 20 pg rV, 10 ug rF1+10 pg rV and 20 pg rF1-V twice (day 0 and day 28).
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