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Progresses on B cell epitope mapping
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Abstract: The specific interaction between antigen and antibody is determined by the specific
complementary recognition between antigenic determinant and epitope motif on the surfaces of
antibody and antigen, respectively. B cell epitope mapping involves both the fine location of B cell
epitopes (location of the specific motifs on an antigen recognized and bound by antibodies) and the
depiction of the distribution of all or nearly all epitopes of an antigen on its primary or secondary
structure. Mapping of B cell epitopes constitutes a primary basis for the development of
epitope-based vaccines and therapeutic epitope specific antibodies and the establishment of
immunological diagnostic methods. So far, a number of experimental methods have been developed
to map the B cell epitopes recognized by antibodies or to depict the map of epitopes on an antigen. B
cell epitope mapping methods based on X-ray crystallography of antigen-mAb (monoclonal
antibody) complex and screening of the mutant libraries of an antigenic protein or its fragments can
reveal the key residues of antigen specifically bound by mAb at amino acid or even atom level. Other
epitope mapping methods, such as peptide library screening technology using ELISA, are seldom
used to identify the minimum epitope motifs because only the antigenic fragments can be obtained by
these methods. On the other hand, the improved biosynthetic peptide method is usually used for the
minimal motif identification and fine mapping of B cell epitopes. It is quite common that more than
one methods were employed to fine map B cell epitopes due to the respective limitations of each
method. This review discusses and compares different experimental methods commonly used in B
cell epitope mapping and aims to assist researchers to design the most suitable protocol to map their
B cell epitopes. The applications of B cell epitope mapping in animal disease prevention and control
are also reviewed.

Keywords: B cell epitope, Epitope mapping, Epitope identity

2173

Uk, FeRlE P ARG, BT RIS SR
FEEE G I PRI, Hit, PUE-puiRss
PR F AT FITE R B 25 ol B D5t i) A SR 0 S
7R R A A o LR SR IR B 1
PR P K sR AR R, B 4
{37 LA 5L 03 3R T RE A8 AT M S M TR Bl 25
A IEIRTR ;. B AR AL AT AR M BT B 41
Jsz AR, 5 i 7 A 2 B S A A
e UV, B AR S BV S )
FRC, WRT LATRAR X S S A B G
AR, SRR T DT K BB I2 W T T4 B S
At R A, A BRI PETUAR RV LS Y
RGN W, SAPTZYYIR R AL S A
BT B R SR A GRS o

WA RIZEM AR, B AR 7 2k
PEGELENESUREE) B AR AL RS
aARZ) B AR, 2tk B A RAL—MH
3-8 YU T— A LS SRR o
IR, FA LA T/ NS 2 B8 BE(PPRV) AR Fe iR
FI(N EE)MIEERE A MH EDR B HMRAER
WP SEE R 9 ek 10 D FERRIR I
B il Pl R R R ). Mgtk B
AR AL I B FERR RS 0 T B — &5 H I F
AL, EAMEIERTERPURE B R I
i, MRS TR AR P4 S RIS B
RO, FERIRET, MERYE B AIRAIY
IEBT I BT RGN 20 451 400 4>
A — N, REZEH B RN

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2174 AEY) 4R Microbiol. China

2017, Vol.44, No.9

RO, MERHARESRWR MR ERN ., A&
M, 4t B AR SH%E B iRz A
FAAETeRE B AR W%k B dilifugeor s ki
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Synthesis of codon Fine mapping of
optimized antigen gene linear BCEs

Expression of antigenic
protien in E. coli

l Identification of minimal
motifs of each BCE

Synthesis of serial
overlapping 16-mers
(8 aa residues overlap)
coding DNA Purification of
recombiant protein by
electro-elution of the

Fusion expression of excised SDS-PAGE gel Identification of 8-mers
serial 16-mers with GST band —> containing linear BCEs
in E. coli l by Western blot

Identification of rabbits
Identification of positive using purified
clones by SDS-PAGE recombinant protein

Identification of positive
clones by SDS-PAGE

Fusion expression of

Identification of 16-mers . >
serial 8-mers with GST

containing linear BCEs «—— Collection of anti-serum ——

by western blot in £. coli
l Synthesis of serial
Positve 16-mers overlapping 8-mers
containing linear BCEs (7 aa residues overlap) coding
DNA

1 MRBEYMENELE B HERMERTRERE
Figure 1 Diagram of linear B cell epitope mapping using modified biosynthetic peptides method
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2 19 4 BCEs &/ \E[F7E PPRV N EH L5 %"
Figure 2 Distribution of 19 BCEs minimal motifs on the PPRV N protein'
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321 REROEE: FREEPUEN T, B 41
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I Z e 1 B (FMD)RARETT . [ NSMIFIE# XF
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FALHE P W ST P 2 6 0 [R) 2 B 0 1 B A
TR, FMD FALBE I —E S TEARR FMD By P45 514
e R IMBRVER . 54h, HALEZ Y
R REPESE (AIAT R . B SR ZE SR . X fR
Yok 2R ARG MR T Rt AR T —
FOTEIR , I IE ARG I G FH B B 2 J o1
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Bl T N, P U Y2 o K I R ) DL 34 B 4
MR AE RSN T DR, SRR R A E N TE =
21 it rp R ZH SRR AR A A AN TR 2 R AR . R
[ 25 Vg 2 I o B AN v 23K T A 1 P
W MyD88 2R . /MR il i
TN R ZRALEE N AT LU BT AR R R S
PRI, el AR S, SRR/ NI A2
SN I AN BRI AR T R B A R Y
VEBCW AR FL R 3 Pl 3 S0 TR A i 1 8 1 AR
. &8 OM4FRE M Ebps 5 Clfa A . Kipk
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PGK [, FAFEFEAMWLE B iR
B, PR T BRI R i — RO | Y
RERITH), AT —PHWE RO 5
BEIE T HeA

323 FTHEHRMZE: FERROEEN BT
XD ARG T2 AR R AL B SR M E
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A TIRRM . XS/ 532 m B 4 f
nl F n2 4 A & 8¢ %0 8 E (HBe) 7 41 19 56
T8 MLANES 79 iz [A], A RE R B 401N n3 HEAE
B 149 iz, RIAKIGAFARIARG TR R £
TR . SR/ RUGE S ELISA A ) i i
(b, WB 45 R RIITE S BUA N IR T X 3 4
TR R R EY A . AR g L, IR
e KR %2R A A X R RN

89%, HA RIFMRESR. FRaED hEEg
T FREREE CP12 F1 CP21 WL HR %
FRPET 5 /N SRREFIACRER IS 20 . SR X B2
FHEG, S 1 HE N B 500 sk /b, HE IR B 4 Lt
[ F340% 3-4 d, SRR/ %R E] 84.1%.
WEPR I i R . BEF 1gG I IgA Pz
TR, TS B REHE s . HE R A T 4
s i HERERRS G S R B R R A

4 jRH

B AR AR T — RSN R 4
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%, MiAEPAE Tk AT U # B 4R
PAEEIBTTE . 25 F B iR O EOm kA AEA
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P12 B AN R AT 255 SN ik A T I RS U
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SURCES NN IR U 6 R AR R P ol S I G
SERETUIA H 22 2 BIBEFEH W GTE . RER S H
S SR W 1) R R BT AR 4R AT B 0 s A
E o iR Y B AR AR 5 A PR
AT RO S R X B BTG 5 B2k B A A
F/SHIRYE B A2t TalfE. SR, XLk
-5 TR 114 AL A P ) S A R AR R AR T
TEBIII IR A Y2 R B 1) B AR A A P v
Mo HAT, st B AN A/E R R LT B
i (1) MRMERMEE; Q) ROE)F A
BEPR T R TE (7 LA L B e vp 5 B0 AR B B9 i 1
WM E; (3) MREPURANEER . BF
JE M2 LM E )R B AR A

B AL B AR 3T AR S 2 W T
EREREER 8, (HE IR mRER A Y
. MTWEEPUANSE S B AR I 1AM
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AAHE AR AA—E 2 S RN I B 4 S5k

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



R B MR AR IR ot

2181

ZihLEA

PRI S B P AT AU B4 B 2R SR AL

b= = =)

PIEJE AN IFEAREE SR A shFIbTiR. 535h,
AT LA ARTE RSN AT A R E B T 1, T AE
PRI BA RSN G, 25T oY
VEARFFRALAR B 220 B . T 23R A0
iy, BR TR B AR AA, AR A
E— AU T 4, LI G i

jjO

TR AL S B AL ARSI 25 KL H AT A

TR, TR RO A T PR R L2 5 i %
Jio WM PR 4 A U S e AR e SR B e Ak
ZRAPETEGIRRR MERE R A EORAY
At X B AR R . ZRARE
FRANRIEHWIFE R A SETT ), K AT 3™ R Ay

I3 TS
2 % X

(1

(2]

(3]

(4]

(3]

(6]

(8]

(9]

[10

=

(11]

Morris GE. Epitope mapping: B-cell epitopes[A]//eLS[M].
Chichester: John Wiley & Sons Ltd, 2007: 1-3

Potocnakova L, Bhide M, Pulzova LB. An introduction to B-cell
epitope mapping and in silico epitope prediction[J]. Journal of
Immunology Research, 2016: 6760830

Abbott WM, Damschroder MM, Lowe DC. Current approaches to
fine mapping of antigen-antibody interactions[J]. Immunology,
2014, 142(4): 526-535

Davidson E, Doranz BJ. A high-throughput shotgun mutagenesis
approach to mapping B-cell antibody epitopes[J]. Immunology,
2014, 143(1): 13-20

Yu RS, Fan XM, Xu WX, et al. Fine mapping and conservation
analysis of linear B-cell epitopes of peste des petits ruminants
virus nucleoprotein[J]. Veterinary Microbiology, 2015, 175(1):
132-138

Barlow DJ, Edwards MS, Thornton JM. Continuous and
discontinuous protein antigenic determinants[J]. Nature, 1986,
322(6081): 747-748

Regenmortel MHV. What is a B-cell
epitope?[A]//Schutkowski M, Reineke U, eds. Epitope Mapping
Protocols[M]. New York: Humana Press, 2009: 3-20

Rubinstein ND, Mayrose I, Halperin D, et al. Computational
characterization of B-cell epitopes[J]. Molecular Immunology,
2008, 45(12): 3477-3489

Soria-Guerra RE, Nieto-Gomez R, Govea-Alonso DO, et al. An
overview of bioinformatics tools for epitope prediction:
implications on vaccine development[J]. Journal of Biomedical
Informatics, 2015, 53: 405-414

Atkinson SC, Armistead JS, Mathias
Anopheles-midgut APN1
transmission-blocking vaccine epitope[J]. Nature Structural &
Molecular Biology, 2015, 22(7): 532-539

Bannwarth L, Girerd-Chambaz Y, Arteni A, et al. Mapping of the
epitopes of poliovirus type 2 in complex with antibodies[J].

van

The
a new malaria

DK, et al
structure reveals

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Molecular Immunology, 2015, 67(2): 233-239

Costa MA, Rodrigues FT, Chagas BC, et al. Preliminary
crystallographic studies of a schistosoma mansoni antigen (Sm21.
7) dynein light-chain (DLC) domain[J]. Acta Crystallographica,
2014, 70(6): 803-807

Tahara M, Biirckert JP, Kanou K,
hemagglutinin protein epitopes: the basis of antigenic stability[J].
Viruses, 2016, 8(8): 216

Bai XC, McMullan G, Scheres SHW. How cryo-EM is
revolutionizing structural biology[J]. Trends in Biochemistry
Sciences, 2015, 40(1): 49-57

Cheng YF. Single-particle cryo-EM at
resolution[J]. Cell, 2015, 161(3): 450-457
Jackson RN, McCoy AJ, Terwilliger TC, et al. X-ray structure

et al. Measles virus

crystallographic

determination using low-resolution electron microscopy maps for
molecular replacement[J]. = Nature Protocols, 2015, 10(9):
1275-1284

Ahmad TA, Eweida AE, Sheweita SA. B-cell epitope mapping for
the design of vaccines and effective diagnostics[J]. Trials in
Vaccinology, 2016, 5: 71-83

Gershoni JM, Roitburd-Berman A, Siman-Tov DD, et al. Epitope
mapping: the first step in developing epitope-based vaccines[J].
BioDrugs, 2007, 21(3): 145-156

Ladner RC. Mapping the epitopes of antibodies[J]. Biotechnology
and Genetic Engineering Reviews, 2007, 24(1): 1-30

Suckau D, Kohl J, Karwath G, et al. Molecular epitope
identification by limited proteolysis of an immobilized
antigen-antibody complex and mass spectrometric peptide
mapping[J]. Proceedings of the National Academy of Sciences of
the United States of America, 1990, 87(24): 9848-9852

Temporini C, Bavaro T, Tengattini S, et al. Liquid
chromatography-mass spectrometry structural characterization of
neo glycoproteins aiding the rational design and synthesis of a
novel glycovaccine for protection against tuberculosis[J]. Journal

of Chromatography A, 2014, 1367: 57-67

Coales SJ, Tuske SJ, Tomasso JC, et al. Epitope mapping by
amide  hydrogen/deuterium  exchange  coupled  with
immobilization of antibody, on-line proteolysis, liquid
chromatography and mass spectrometry[J]. Rapid

Communications in Mass Spectrometry, 2009, 23(5): 639-647
Sevy AM, Healey JF, Deng W, et al. Epitope mapping of
inhibitory antibodies targeting the C2 domain of coagulation
factor VIII by hydrogen-deuterium  exchange  mass
spectrometry[J]. Journal of Thrombosis and Haemostasis, 2013,
11(12): 2128-2136

Opuni KFM, Al-Majdoub M, Yefremova Y, et al. Mass
spectrometric epitope mapping[J]. Mass Spectrometry Review,
2016. DOIL: 10.1002/mas.21516

Sifsten P. Epitope  Mapping by  surface  plasmon
resonance[A]//Schutkowski M, Reineke U, eds. Epitope Mapping
Protocols[M]. New York: Humana Press, 2009, 524: 67-76

Yang Y, Dai Z, Zou XY. Investigation of protein-protein
interactions by surface plasmon resonanc[J]. Journal of
Instrumental Analysis, 2009, 28(11): 1344-1350 (in Chinese)

WE, 8%, 4/NE. RS E TR AR ERAR-EA
A AR HBE S b B (9], 40 B 24, 2009, 28(11):
1344-1350

Gozalbo-Rovira R, Rodriguez-Diaz J, Saus J, et al. Precise

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2182

AEY) 4R Microbiol. China

2017, Vol.44, No.9

—

—

=

=

=

—

mapping of the good pasture epitope(s) using phage display,
site-directed mutagenesis, and surface plasmon resonance[J].
Kidney International, 2013, 83(3): 438-445

O’Hara JM, Kasten-Jolly JC, Reynolds CE, et al. Localization of
non-linear neutralizing B cell epitopes on ricin toxin’s enzymatic
subunit (RTA)[J]. Immunology Letters, 2014, 158(1/2): 7-13

[29] Nguyen PC, Lewis KB, Ettinger RA, et al. High-resolution

mapping of epitopes on the C2 domain of factor VIII by analysis
of point mutants using surface plasmon resonance[J]. Blood,
2014, 123(17): 2732-2739

Kang W, Xie C, Zhang JN, et al. The identification and
characterization of two novel epitopes on the nucleocapsid protein
of the porcine epidemic diarrhea virus[J]. Scientific Reports,
2016, 6: 39010

Zhang ZB, Chen JF, Shi HY, et al. Identification of a conserved
linear B-cell epitope in the M protein of porcine epidemic
diarrhea virus[J]. Virology Journal, 2012, 9: 225

Bogdan JA Jr, Apicella MA. Mapping of a surface-exposed,
conformational epitope of the P6 protein of Haemophilus
influenzaelJ]. Infection & Immunity, 1995, 63(11): 4395-4401
Cunningham BC, Wells JA. High-resolution epitope mapping of
hGH-receptor interactions by alanine-scanning mutagenesis[J].
Science, 1989, 244(4908): 1081-1085

Infante YC, Pupo A, Rojas G. A combinatorial mutagenesis
approach for functional epitope mapping on phage-displayed
target antigen[J]. Mabs, 2014, 6(3): 637-648

Verma D, Grigoryan G, Baileykellogg C. Structure-based design
of combinatorial mutagenesis libraries[J]. Protein Science, 2015,
24(5): 895-908

Wang LF, Yu M. Epitope identification and discovery using phage
display libraries: applications in vaccine development and
diagnostics[J]. Current Drug Targets, 2004, 5(1): 1-15

Guo CY, Zhao XR, Hu J. Research and application of B cell
epitope[J]. Letters in Biotechnology, 2013, 24(2): 266-270 (in
Chinese)

FOEH, B, B4 B NSRRI IR R R
Y. AEEAIEIR, 2013, 24(2): 266-270

Xu WX, He YP, Tang HP, et al. Minimal motif mapping of a
known epitope on human zona pellucida protein-4 using a peptide
biosynthesis strategy[J]. Journal of Reproductive Immunology,

2009, 25(1): 10-15

Muniraju M, Mahapatra M, Buczkowski H, et al. Rescue of a
vaccine strain of peste des petits ruminants virus: in vivo
evaluation and comparison with standard vaccine[J]. Vaccine,
2015, 33(3): 465-471

Choi KS, Nah JJ, Ko YJ, et al. Characterization of
immunodominant linear B-cell epitopes on the carboxy terminus
of the rinderpest virus nucleocapsid protein[J]. Clinical and
Vaccine Immunology, 2004, 11(4): 658-664

Dechamma HJ, Dighe V, Kumar CA, et al. Identification of
T-helper and linear B epitope in the hypervariable region of
nucleocapsid protein of PPRV and its use in the development of
specific antibodies to detect viral antigen[J]. Veterinary
Microbiology, 2006, 118(3/4): 201-211

Zhang YF, Wang HN, Huang Y, et al. Construction strategy for
multiepitope vaccine and its application in animal vaccine[J].
Journal of Agricultural Science and Technology, 2008, 10(2):
29-33 (in Chinese)

A, LT, BB, . ZROEN IR AR D)
Prpedtip BN HI[]. P RO 41, 2008, 10(2): 29-33
Yang ZJ, Lin Y, Li GJ, et al. Recombinant vaccine containing
both B cell and T cell epitopes induces guinea pig in immune
responses against type O foot-and-mouth disease virus[J]. Journal
of Fudan University (Natural Science), 2000, 39(5): 564-568 (in
Chinese)

PRI, WA, 2004, % o T ARG B ANRGH
O 1 FMDV F&[H TR B 5 S K U™ A S SO (3], S H2
e HARBIFRR, 2000, 39(5): 564-568

Zhang ZW, Zhang YG. Advance in FMD epitope vaccines[J].
Chinese Journal of Zoonoses, 2008, 24(6): 570-573 (in Chinese)
SRAPHE, sRAOL. DR RALEE R AR R (T T A3
PR, 2008, 24(6): 570-573

Li SF, Shao JJ, Chang HY. Research progress on the
epitope-based vaccine against foot and mouth disease[J]. China
Animal Husbandry & Veterinary Medicine, 2017, 44: 396-401 (in
Chinese)

DY, SR, W, DA R TR
I & LR, 2017, 44: 396-401

2009, 81(1): 9-16 [49] Gottlieb T, Ben-Yedidia T. Epitope-based approaches to a
[39] Xu WX, Wang J, Tang HP, et al. Epitomics: IgG-epitome universal influenza vaccine[J]. Journal of Autoimmunity, 2014,

decoding of E6, E7 and L1 proteins from oncogenic human 54:15-20

papillomavirus type 58[J]. Scientific Reports, 2016, 6: 34686 [50] He L, Chen RA, Luo ML, et al. Advance in epitope vaccine[J].

[40] Ma FS, Zhang L, Wang Y, et al. Analysis and identification of

—

B-cell epitopes on Aleutian mink disease virus NS1 protein[J].
Chinese Veterinary Science, 2016, 46(2): 210-216 (in Chinese)

I LEF, sk, B, S KSHRTRS B EE NS1 2 B 4
U R AL B 43 5 S 0], RS E R, 2016, 46(2):
210-216

Zhang XL, Tian MN, Lu ZJ, et al. Prokaryotic expression and
bioreactivity analysis of a major epitope region of 2C with 3AB
within non-structural protein of foot-and-mouth disease virus[J].
Chinese Journal of Biotechnology, 2009, 25(1): 10-15 (in
Chinese)

SK/NE, HHSEME, SR FE, % FMDV ARZ5HIEE [ 2C T EHRN
X5 3AB B MG RB GIEMHESHT]. A9 TR,

Guangdong Journal of Animal and Veterinary Science, 2011,
36(2): 3-5 (in Chinese)

¥, WrRiZ, Bibk, 5. 2005 K TRLE B A BT 5T
JRI). TR ERME, 2011, 36(2): 3-5

Kodihalli S, Sivanandan V, Nagaraja KV, et al. A type-specific
avian influenza virus subunit vaccine for turkeys: induction of
protective immunity to challenge infection[J]. Vaccine, 1994,
12(15): 1467-1472

Chen JG, Su ZL, Liu YZ, et al. Construction of
MyD88-Pseudomonas aeruginosa epitope DNA vaccine and its
expression in eukaryotic cells[J]. Chinese Journal of Cellular &
Molecular Immunology, 2009, 25(3): 193-195 (in Chinese)
WREEEE, JRJKEE, MMM, 45, MyDSS-Hi4k 1 I T 2 (1%

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



REE: B R AERB TR 2183

PE T AR T LB R R[], AR5 4 T gs i 4k, 2009, research of a new chimeric protein vaccine containing epitopes of

25(3): 193-195 taenia solium cysticercus[J]. China Journal of Veterinary Science,
[53] Liu X, Kong ZX, Yin SP, et al. Epitope analysis of cow mastitis 2006, 26(3): 288-291 (in Chinese)

important vaccine candidate proteins and design of amino acid XS/NR, JRORE, APRT, S BRI R ALK& E

sequence of triple recombinant epitope vaccine[J]. Acta Tl R A K LA cE R ST (D). P B EE AR, 2006, 26(3):

Agriculture Universities Zhejianggensis, 2016, 28(9): 1476-1484 288291

(in Chinese) [55] Yu QL. Development and application of bivalent nucleic acid

XURE, LR, BAY, S5, W 3L0 R SR R 1 Y vaccine for Cryptosporidium parvum CP12/CP21 in animals[D].

PR RT3 B B = 196 1 20 F V0 8 1 A B L R 1 91 e H[0]. Wi Changchun: Master’s Thesis of Jilin University, 2008 (in Chinese)

YAl 4], 2016, 28(9): 1476-1484 FAH:. BfF R CP12/CP21 XUNMZIRIET 5T [D]. K&
[54] Deng XZ, Zhou ZA, Diao ZY, et al. Construction and immune TR L2208, 2008

RY RY AR RY RY R RY oY RY) RY RY Y oY RY RY R RY 7R RY RY R Y 2R RY R R RY 7R RY Y R Y 7R RY Y RY) R 2R RY Y RY) Y AR RY R RY) RY R RY R RY) RY R RY) R RY) Y R

fE # &

1 HYENTSEREE

CHUZED ) 2 f b ERL e B A WA s B A v E A 2 4 280, AR B2 i T SRR S He AR 5
N ENLRETEFARMAT . TBRNAESE: LY. WYY SRRMEY . Bl gy Rl iE
Y. BEYE . BREAYY . AYRUEY S EEREYS . R LR RBELRE . A DRSS
T o8 R Fﬂ%ﬁﬁﬁﬁ%ﬁ% VA BARE S e s A 4, B A . IR . iehsnd. &
YISLEE . MR BRI R AR, SRS
2 #BRARX

W RGHHE BRI P 2T http:/journals.im.ac.cn/wswxtben, BMAEFRMX, H—KBMELEN, JFEHP A%
0, ARG R ISR, PRI ETT R .

3 B{EEX
KBRS S A, BdEvTEE, RIHEN, SHERH.
3.1 BFCHk

S SRR SO 5 B S FE U HE P i, RATF R RTERREI S I . F T S28 SO B 1 W13 5 CCRPE & Al
b 3 ARSI, 2T 3 ARAIIET 3 A, JEn “5E7 5L “etal.”, fEEUERT. &5, BFZEZ SR, kA
% AR RS, FAMARIZ LS 8%, ANHE, ARHE, 2% OB AR
225 SRR A% X2
[11 Marcella C, Claudia E, Pier GR, et al. Oxidation of cystine to cysteic acid in proteins by peroyacids as monitored by
immobilized pH gradients[J]. Electrophoresis, 1991, 12(5): 376-377
[2] Wang BJ, Liu SJ. Perspectives on the cultivability of environmental microorganisms[J]. Microbiology China, 2013,
40(1): 6-17 (in Chinese)
FORZE, XIBL. FEEHA YR I BRI IERE )], S ¥2rd i, 2013, 40(1): 6-17
[31 ShenT, WangJY. Biochemlstry[ ]. Beijing: Higher Education Press, 1990: 87 (in Chinese)
eI, E8ea. APeEM]. JEat RS R, 1990: 87
[4] Liu X. Diversity and temporal-spatial variability of sediment bacterial communities in Jiaozhou Bay[D]. Qingdao: Doctoral
Dissertation of Institute of Oceanology, Chinese Academy of Sciences, 2010 (in Chinese)
XUFK. WM TTORR A TR 2 A 1 SRR B 28 3 AR (D], 5 P R E B E ORI i 125 6083, 2010
3.2 WEQESCHE IR )
Foundation item:
*Corresponding author: Tel: ; Fax: ; E-mail:
Received: January 01, 20xx; Accepted: March 01, 20xx; Published online (www.cnki.net): March 31, 20xx
HEGIH : HAETHNo. )
HEIASEHR : Tel: ; Fax: ; E-mail:
ek A 20xx-00-00; #:37 FA. 20xx-00-00; PLsEdies M H W(www.cnki.net): 20xx-00-00

(% p.2200)

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



