GERNE:// I DU - S 4 ZBHE F/N-FEEMLIZIR AR E R gp96 REFINEEAIZN
Chinese Journal of Biotechnology

http://journals.im.ac.cn/cjbcn Nov. 25, 2021, 37(11): 4036-4046
DOI: 10.13345/j.cjb.200786 ©2021 Chin J Biotech, All rights reserved

- EHEMHEA -

N- gp9o6

FEY, ZREY, HEY, WA KEY AR ZHAY

1 EBFEBE A YT T R B R ) S e S SR, Jhat 100101
2 hEBERE RS, dLaT 100049

3 AU MIRAEYHEARARAF, b5 100123

4 JbEREEA YR ARAR, Jbat 100101

oM, 2R, ¥9%E, SE. N-WEEBIE X R 70 1 gp96 S I REA R M. AR TR A4HR, 2021, 37(11): 4036-4046.
Guo P, Li CF, Ju Y, et al. N-glycosylation modification of heat shock protein gp96 affects its immunological function. Chin J
Biotech, 2021, 37(11): 4036-4046.

i OB LV § A NAERAL E R T 6 EARIRLZE gp96 At ., AF R N-AE IS4G 2T 3 2 & dhhk ey &vh .
BRAARREAZAZGEAZF AN FR LA gp96 & &, AN HEAERMAKF, @ —FiB TRtk 525, #)
B AR e R A= BB %, J5 R M X 38 (Enzyme linked immunosorbent assay, ELISA) #&)s &, CD8'IFN-y" T fmjie. I
B fe IFN-y 69503, & 48 ALt gp96 /& 238 2h 4k ed % mh, ¥t — 3 Bl ATPase X7 & 4% gp96 49 ATPase & 4.
G R IR IR AR LA gp96 A G LR A E AR A GHF R T @ ®n. £RE2T, N4
B s R TG, THgpI6 ZFA LSBT THT 27.8%., S5 AR FHAE AL, RE gpI6 /R 2 it fE
F 835, FIB ATPase M Rk, BB 55 AR T4 gpo6 Ak, KX gp96 427 F A BE HHFH T mie
KA RIR . KRR, N-BEEASAF A58 gp96 49 ATPase & A3t /R 2% Jhfk, Hm¥Atay
AEF b, AT EILT gp96 #94& ) & B AL T ARG .

D AR L& G gp96, N-#EAALEAR, 1A, ATPase, #/R £if

Received: December 10, 2020; Accepted: February 3, 2021

Supported by: National Natural Science Foundation of China (Nos. 81761128002, 81621091, 81871297, 81672815, 31700803), Strategic
Priority Research Program of the Chinese Academy of Sciences (No. XDB29040000), One Belt and One Road International Science and
Technology Cooperation of Chinese Academy of Sciences (No. 153211KYSB20170001).

Corresponding author: Songdong Meng. Tel: +86-10-64807350; E-mail: mengsd@im.ac.cn

E %K B SRR 4 (Nos. 81761128002, 81621091, 81871297, 81672815, 31700803), 1 [H Al 2Bi B 2565 H (No. XDB29040000),

Rl B — i — B R AL T (No. 153211KYSB20170001) %) .
[ & H RREsS [] : 2021-02-22 [ 4% HE BB AL - https://kns.cnki.net/kems/detail/11.1998.Q.20210222.1510.002.html



HS F/IN-FEELIEIHIRATRER 9p96 REFINEERIZIN 4037

N-glycosylation modification of heat shock protein gp96
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Abstract:  N-glycosylation modification, one of the most common protein post-translational modifications, occurs in heat
shock protein gp96. The purpose of this study is to investigate the effect of N-glycosylation modification on immunologic
function of the recombinant gp96 using the mutant gp96 in N-glycosylation sites. Firstly, wild-type and mutant gp96 proteins
were expressed by insect expression system and their glycosylation levels were detected. To determine the effect of
N-glycosylation on gp96 antigen presentation function, the IFN-y" CD8* T cells in gp96-immunized mice and secretion level
of IFN-y were examined by flow cytometry and ELISA. The ATPase activity of gp96 was further detected by the ATPase kit.
Finally, the effect of N-glycosylation on adjuvant function of gp96 for influenza vaccine was investigated in immunized mice.
It was found that total sugar content of mutant recombinant gp96 was reduced by 27.8%. Compared to the wild type
recombinant gp96, mutations in N-glycosylation sites resulted in decreased antigen presentation ability and ATPase activity of
gp96. Furthermore, influenza vaccine-specific T cell levels induced by mutant gp96 as adjuvant were dramatically reduced
compared to those by wild type recombinant gp96. These results demonstrate that N-glycosylation modification is involved in
regulation of ATPase activity and antigen presentation function of gp96, thereby affecting its adjuvant function. The results
provide the technical bases for development of gp96- adjuvanted vaccines.
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NTD
B st 3 B—

21 | 103] 149] ? l4a8| 502
62 107 217 445 481

1 gp96 RYLEHIE KB N-HEELAL =
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Fig. 1 Structure of gp96 domains and the potential N-glycosylation sites. There are 6 predicted N-glycosylation sites,
which are asparagines at amino acid position 62, 107, 217, 445, 448, and 502 located at the C- and N-terminals. The ATP
binding site is located at Asp149 of the N-terminal. One catalytic residue is located at Glu103 of the N-terminal and
another is at Arg448 of the middle domain. Besides, the ER retention signal KDEL and a client proteins domain are at
the C-terminal.

F 1l RARBFNELHERIE gp96 AY N-TEE LALLM LR
Table 1 N-glycosylation sites of natural gp96 and recombinant gp96

Sources of gp96 Amino acid sequences (N-linked glycosylation sites)
Predicted amino acid DGLNASQ LISNASD KHNNDTQ LPLNVSR DKYNDTF DHSNRTR
sites (62) (107) (217) (445) (481) (502)
ngp96 Y N Y Y Y Y
rgp96 N Y Y N Y N

Note: the red letter represents the N-glycosylation site. “Y” or “N” means that this site is or is not a N-glycosylation site.
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Fig. 2 Expression and identification of recombinant gp96. (A) The asparagine of six N-glycosylation sites within gp96
were mutated to aspartic acid (shown in red). (B) Recombinant gp96 preparations expressed by baculovirus expression
system were subjected to 10% SDS-PAGE, and stained with Coomassie blue (upper) and detected by Western blotting
with anti-gp96 antibody (lower) (lane 2, 3, 4 represent natural gp96 (ngp96), recombinant gp96 (rgp96) and mutant
recombinant gp96 (mgp96), respectively). (C) Protein samples were subjected to SDS-PAGE while sugar content was
analyzed by using glycoprotein staining kit (lane 1, 2, 3, 4 represents molecular marker, ngp96, rgp96, mgp96,
respectively. Horseradish peroxidase (lane 5) and soybean trypsin inhibitor (lane 6) were used as positive and negative
controls, respectively). (D) The sugar contents of ngp96, rgp96 and mgp96 were determined by the phenol-sulfuric acid
method. The experiments were carried out in triplicate and the error bars are shown. P<0.01 (**) and P<0.001 (**¥*).
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Fig. 3 The antigen cross-representation function of gp96 is reduced by mutation in its N-glycosylation sites. (A)
Macrophage cells were isolated from the abdomen of naive C57BL/6 mice. C57BL/6 mice were immunized with the
gp96-OVAS8 complex at weeks 1, 2 and 4, respectively, and T cells were isolated from the spleen within 2—-4 days after
the last immunization. ngp96-, rgp96- or mgp96-OVA20 (A) or boiled gp96-OVA20, or gp96 alone (B) were incubated
with macrophage cells for 2 h. Then T cells were added to the culture. The IFN-y levels in the supernatant were
measured by ELISA 48 h later. OVA8 and OVA20 were used as a positive and negative control, respectively.
(C) Schematic representation of the immunization schedule. Female BALB/c mice were immunized with ngp96, rgp96
or mgp96-NP14;_155 peptide complex for three times on day 0, 7 and 14, respectively. Mice treated with PBS or NP147_155
peptide alone were used as control. (D) Splenocytes were isolated 2—-4 days after the last immunization, and were
cultured for 5 days with NPy47_155 peptide. IFN-y"CD8" T cells was analyzed by flow cytometry. The data show the
X s of five mice. The data are representative of three independent experiments with similar results. P<0.05 (*), P<0.01
(**), P<0.001 (***) compared to control and ns means no significance in results.
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Fig. 4 Effect of mutation on the N-glycosylation sites
on the ATPase activity of gp96. The ATPase activity of
ngp96, rgp96 or mgp96 of different concentrations were
determined using ATPase kit. The mp value refers to the
polarization value, which is negatively correlated with
ATPase activity. The data were presented as the X s
from three independent experiments. ***: P<0.001.
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Fig. 5 N-glycosylation site mutations decreased gp96 adjuvant capacity to induce specific T cell response to the split
influenza vaccine. Female BALB/c mice were subcutaneously immunized with HIN1 split vaccine alone or with ngp96,
rgp96 or mgp96 adjuvant at weeks 1, 2, and 4, respectively. The spleen lymphocytes were collected 2—-4 days after the
last immunization, and were stimulated with the vaccine antigens for 5 days. The frequency of CD3" CD8" IFN-y" T
cells (A, B) and antigen-specific CTLs (C) were detected by flow cytometry analysis and ELISPOT assay. The data were
presented as the X s from five mice/group. P<0.05 (*), P<0.01 (**), P<0.001 (***) compared to control.
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