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Interacting proteins of Helicobacter pylori GroEL protein

ZHAI Kangle', GONG Yanan', XIAO Di', SUN Lu', HE Lihua', FANG Mengyang'?,
YOU Yuanhai', WANG Lei', YAN Xiaomei', ZHANG Jianzhong'

1 State Key Laboratory of Infectious Disease Prevention and Control, National Institute for Communicable
Disease Control and Prevention, Chinese Center for Disease Control and Prevention, Beijing 102206, China
2 School of Public Health, Nanjing Medical University, Nanjing 211166, Jiangsu, China

Abstract: [Objective] To obtain the composition spectrum of Helicobacter pylori (HP) GroEL
binding proteins and provide new insights into the role of GroEL and its interacting proteins in
the pathogenesis of H. pylori. [Methods] Based on the construction of H. pylori GroEL
prokaryotic expression recombinant bacteria Escherichia coli BL21(DE3)PET282)€0EL = the
His-tagged GroEL protein was purified and incubated with H. pylori whole-cell protein extract.
The complex was captured using Protein G magnetic beads and anti-His tag antibody
immunoprecipitation, and the GroEL and its possible binding proteins were identified by mass
spectrometry. The proteins were classified according to their main functions, and protein
interaction network analysis was performed. [Results] A total of 59 proteins were identified as
possible binding partners of GroEL, including 19 metabolic enzymes (7 of which are involved
in oxidative stress, such as KatA, GltA, and AhpC; 5 peptidases, such as PepA, RocF, and
HtrA; 2 enzymes involved in lipid metabolism; 2 enzymes involved in ATP synthesis;
HP17 08079 and 2 urease enzymes), 15 outer membrane proteins (including adhesins BabA,
SabA, HapA, and other membrane proteins), 8 transcription and translation-related proteins
(such as Tuf and RpoBC), 5 molecular chaperones (such as DnaK and GroES), 3 cytotoxin-related
proteins (such as CagA), 3 oxidative stress-related proteins (such as TrxA), 2 signal
transduction proteins (TlpB and TlpD), and 4 proteins with unknown functions. Protein
interaction analysis revealed that the entire network could form multiple clusters, with GroEL
as the central node of the network. The extensive association of outer membrane proteins,
particularly the important adhesins BabA, SabA, HapA, with GroEL suggests that GroEL may
play an important role in the interaction between H. pylori and host gastric mucosal epithelial
cells. [Conclusion] The spectrum of H. pylori GroEL binding proteins is extensive, and the
related proteins are involved in H. pylori metabolism, transcription and translation,
oxidation-reduction, and adhesion, participating in the survival, colonization, and pathogenic
processes. GroEL is expected to become a novel important target for studying H. pylori
pathogenicity and developing infection intervention strategies.
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1.1 E#R. BRI

HP bR AR ATCC 43504 I F 55 [ #7503
e W T FR AR R P 0 (American Type Culture
Collection, ATCC)F F1 4= 5256 % P, Jkaz A 40
i E. coli DH5a.. E. coli BL21(DE3). #ikJfiki
pET-28a(+) )2 5K DNA Marker g [t 5t 44>
W E AR A A R A, A 2 BUL 7] &
QIAamp DNA Mini Kit J H QIAGEN 2~ r), [R
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Jig [EIK & E.Z.N.A.® Gel Extraction Kit Il [
OMEGA A F], T4 DNA #E420il) H TaKaRa 23 H],
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SR IR PR F A
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1 groEL-R A L. TG4, 47 PCR P14,
25 uL ¥R R Bif(150 ng/pl) 1 uL, F. T
W51 M4 (10 umol/L) 0.5 pL, 2xPCR TR
12.5 uL, ddH,0 10.5 pL. ¥ #4F2 /¥ : 94 °C 5 min;
94°C30s, 65°C30s, 72°C90s, 30 PMEH;
72 °C 10 min, 4 °CLRAF. R 1.5%Bi e W5 A
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Ja¥s groEL BRI pET-28a(+)##% 3:1
RS, I T4 DNA S48 16 °Cid i, &
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SNSRI , R B — 7] T2 (bicinchonininc
acid, BCA) % W x& ¥k i W& & 1 Wk B JF &
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BrE 1 h, A 1 pL 375 mmol/L Wi Z Bt
(iodoacetamide, IAA)ZE i HEEFHE 30 min, JIA

1 ug B 37 °Cid 7 , i Pierce® C g Spin Columns
AT AR J5 | 4 °CHAS B0 dA, FH 10 ul 0.1%
H R (formic acid, FA)E &5, & EBEAH A
T - BRI 1 (HPLC-MS/MS) SR BUR LA 15 .
Proteome Discoverer (V. 2.4)8 15X 5 1A 1% F
1746 F1 % (UniProtK B/Swiss-Prot) 18 2, 731 %
S A IV JER B K% BT DC e 2] 1) 2 1o
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AHEARMEERSE
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Protein G B¥R EIRIFH 10 min, 454 £ Protein
G WEER I KBt RE 319 ATCC 43504 F PBS
ek 20, B DR R A 1 1 g TR EE R 4/10 mL
PBS Y LU E L, DRI 2400, = id B0 il
8 13, BRIk ATCC 43504 25 (42 BUR 7] 500 pL
ATCC 43504 PR IA 5 ug 2iL/E 1Y
GroEL # M, EiltFH 1 h, MELE TR
His A3 Protein G Z kY, Z1IFHE 10 min,
FH 200 pL PRI DR EREER 3 Ik, WA 20 pL
VEMEBIR % 2 min, WA VEBLEH TR i
BG4 . 4% 2 pg WAL GST BHIZEH 2 50 L
(1.5 mg) Protein G #E¥E I, HAEFIPEXTRE, FHoAh
A5 SR A — B VeI P A R B A
FEHEE 1.6 ik, £ Uniprot & F 2 E
(https://www.uniprot.org/) H 2% [ %5 & HH 1 & H
g R, PR EE I Re AT 02K
1.8 GroEL KR AJREFHE L SHIERFRAYME
BXAEAMWEDH

TE STRING (search tool for the retrival of
interacting genes/proteins) % 4} J& (https://string-
db.org/, version 11.5)4, B ik FE Protein by
name” IJ BE , “Protein name” % A ”GroEL” ,
“Organisms” 1% “Helicobacter pylori 26695, £
T E R FU £ GroEL ShAEIKPEEE 1, SR

HEFE“Multiple proteins”JHE, “List of names”H!
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AL U E Y B, “Organisms™
1 “Helicobacter pylori 26695, #1721~ H
JoT R RH EL DG R 48 03 HT o

2 EREGHN

2.1 groEL E& PCR # 18

PL ATCC 43504 L[R2 DNA MBS T
PCR #"3, 1.5%3I5BEMHEE I HL UK SR 4 3 7= )
ZAMA T 1.500-2 000 bp Z[E](E] 1), F2H1R/h
FFETI(1 655 bp).
2.2 GroEL RiXERGE. FTixFadk

2 PCR %€ groEL JEH A, i@
AR N B BLS S 78 58 4 — B0, )
T IR REEUAE IS N E. coli
BL21(DE3)PFT2%0€E - g3 il A 1.0 mmol/L
IPTG, 7F 37°C. 180 r/min ¥E% 555015 S 51
T, SDS-PAGE iR HWEE 1454 T 63-75 kDa,
RANFFETH, B A EDITE T R L,
iR A —E R 2), B EMNEATES
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1 groEL £F PCR 84 R

Figure 1 Amplification results of groEL gene by
PCR. M: DNA marker; 1: PCR amplification product
of the groEL gene.
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S P EERERER, REGFWHMEAGED
AR e, (B2 ik, T
HEHZ Ni-NTA @EEM4ifb)f5, SDS-PAGE
WoRBER T H R A L, H AR
(H 3),

kDa M 1 2 3 4
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TS ——

c3— < 3 kDa
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25—

2 GroEL EHWMESRIEZER

Figure 2 Induced expression results of GroEL
protein. M: Protein marker; 1: Precipitation of the cell
lysate from uninduced E. coli BL21(DE3)PET28(H-gmEL
cells; 2: Supernatant of the cell lysate from
uninduced E. coli BL21(DE3)PET282€0EL oo))g: 3.
Precipitation of the cell lysate from induced E. coli
BL21(DE3)PET28(€EL ¢olls; 4: Supernatant of the
cell lysate from induced E. coli BL21(DE3)PET 280kl
cells.
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Figure 3 Purification results of GroEL protein. M:
Protein marker; 1: Sample before Ni-NTA magnetic
beads incubation; 2: Sample after Ni-NTA magnetic
beads incubation; 3, 4: The first and second
magnetic beads washing solution; 5, 6: The first and
second magnetic beads elution solution.
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2.3 GroEL EEMRIZLEE

aifb 5 HIME LGS E, 4R ER
H5 HP 19 GroEL £ H AHVE AL I HARFSH =5 17
Fiik sy, R REIEHRE E coli
BL21(DE3)P*5eE ik H i 2 11 GroEL AL
2.4 HP ATCC 43504 F A] EF0 GroEL %5
EHEREERSE

M ATCC 43504 92 RO 2R 1 v] RE
5 GroEL Z5G WM, LRk %a i 59 fiiE
M, HARGEIE 1. SEAMIESIERH,

*1 A5 GroEL £85I ERRMRIEEE
Table 1

FEALHE 19 PRI (S5 AL )5 G
2 7 Fh, f135 KatA. GItA. AhpC %5; Jikf
5%, PepA. RocF. HtrA % % 58 W55t
FK2H 25 ATP ARG 2 F s IR 2 F)
15 FhAMEZE (5 & BabA . SabA . HapA &
HABBEEE (15F) . 8 Pl s BHIRAH G 1 (Tuf |

RpoBC %), 5 fl4rF 115 (DnaK . GroES %%).

3 Fh4H M EE R ARG 1 (CagA 55). 3 A4 fbid
JEAH S 2R 1 (TrxA 4§) .2 #5556 T A (TIpB
TIpD)Fl 4 FIUIREABHER 11, HAKWZ 2 PR,

Mass spectrometry identification of proteins possibly binding to GroEL

Accession No. Description Coverage Peptides PSMs Unique @ AAs MW calc  Score
(%) peptides (kDa) pl
WP_000961643.1 Peroxiredoxin (AhpC) 35 6 9 6 198 222 630 2554
WP_108169803.1 Hop family adhesin HopQ (HopQ) 17 7 8 7 641  69.7 9.11 21.25
WP_108169269.1 Hop family adhesin BabA (BabA) 13 8 8 8 744 804 8.81 20.33
WP_001040578.1 Elongation factor Tu (Tuf) 33 9 9 9 399 43,6 526 20.19
WP _108169606.1 Methyl-accepting chemotaxis 17 8 8 8 565 627 642 17.21
protein TlpB (TIpB)
WP_000724287.1 Urease subunit beta (UreB) 12 6 6 6 569 61.7 6.01 16.52
WP_108169537.1 Outer membrane beta-barrel protein 9 5 6 5 699 76.0 853 16.00
WP_108169053.1 Hop family adhesin AlpA (AlpA) 14 4 5 4 518  56.1 9.10 14.20
WP_000795968.1 LPP20 family lipoprotein (Lpp20) 26 5 5 5 175 19.1 9.51 1297
WP_108169033.1 Catalase (KatA) 10 4 5 4 505 58.6 8.66 12.29
WP _000323696.1 DUF3944 domain-containing 24 5 5 5 253 284 543 1224
protein (NY40 0613)
WP_000779223.1 Urease subunit alpha (UrcA) 13 4 5 4 238 26,5 847 1221
WP _108169170.1 Outer membrane beta-barrel protein 9 5 4 528 594 933 12.09
HofC (B0X38 04460)
WP _108168926.1 Sialic acid-binding protein (SabA) 32 4 5 4 152 17.6 872 11.67
WP_000080506.1 FOF1 ATP synthase subunit alpha 9 4 4 503  55.1 540 941
(AtpA)
WP_001861912.1 FOF1 ATP synthase subunit beta 10 4 4 4 466 51.1 534 9.00
(AtpD)
WP_000671927.1 Co-chaperone GroES (GroES) 23 3 3 3 118  13.0 6.60 8.92
WP _108169412.1 TonB-dependent receptor (FrpB) 6 4 4 4 863 959 9.14 8.36
WP_108169054.1 Hop family adhesin AlpB (AlpB) 7 3 3 3 528 56.8 9.19 832
WP _108169330.1 Hop family outer membrane protein 10 3 3 3 482 528 944 7.23

HopA (HopA)

(fFk)
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iR 1)
Accession No. Description Coverage Peptides PSMs Unique @ AAs MW calc Score
(%) peptides (kDa) pl

WP_108168983.1 MULTISPECIES: flagellar sheath 16 3 3 3 260  29.1 827 7.02
lipoprotein HpaA (Proteobacteria)
(HpaA)

WP_097551802.1 Tumor necrosis factor 21 3 3 3 192 21.8 851 6.96
alpha-inducing protein (TipA)

WP _108169924.1 Chemotaxis chemoreceptor TlpD 9 3 3 3 433 484 625 6.84
(TIpD)

WP _108169893.1 Type IV secretion system oncogenic 3 3 3 3 1247 139.0 8.84 6.66
effector CagA (CagA)

WP_162296893.1 S41 family peptidase 6 3 3 3 454 50.0 9.38 6.56
(C2R77_03000)

WP _108169905.1 Leucyl aminopeptidase (PepA) 8 3 3 3 496 544 7.09 6.11

WP_033765600.1 Outer membrane protein Omp18 18 2 2 2 179 199 6.09 5.57
(Omp18)

WP _108169611.1 Molecular chaperone DnaK (DnaK) 4 2 2 2 620 67.1 5.10 5.49

WP_108169113.1 HpaA2 protein (HpaA2) 10 2 2 2 249 283 739 538

WP_108169113.1 30S ribosomal protein S12 (RpsL) 10 2 2 2 249 283 739 538

WP_000020199.1 Thioredoxin (TrxA) 25 2 2 2 106 11.8 522 5.01

WP_000086604.1 50S ribosomal protein L6 (RplF) 10 2 2 2 178 19.5 9.83 4.72

WP_108169722.1 50S ribosomal protein L2 (RplB) 8 2 2 2 276 30.2 1036 4.50

WP_001018219.1 50S ribosomal protein L7/L12 21 2 2 2 125 133 498 441
(RplL)

WP _162296871.1 Bifunctional aconitate hydratase 3 2 2 2 852  92.6 6.57 438
2/2-methylisocitrate dehydratase
(HP17_08079)

WP_108169000.1 Thioredoxin-disulfide reductase 8 2 2 2 311 334 6.09 432
(TrxB)

WP_108169788.1 Elongation factor G (FusA) 2 2 2 2 692 77.0 539 4.15

WP _108169306.1 AAA family ATPase 3 2 2 2 856  96.5 6.13 4.08
(EC537_00185)

WP_108168981.1 Trigger factor (Tig) 4 2 2 2 451 51.8 531 3.89

WP_108169883.1 Cag pathogenicity island protein 12 1 1 1 115 124 844 271
Cagl (BHUS1_05410)

WP_000889333.1 50S ribosomal protein L25/general 5 1 1 1 178 199 939 2.64
stress protein Ctc (RplY)

WP_108169809.1 Outer membrane beta-barrel protein 3 1 1 1 471 527 9.48 236
HofH (AOD76_0206895)

WP _108169980.1 Zinc ribbon domain-containing 2 1 1 1 412 436 6.65 222
protein

WP_108169980.1 Beta-ketoacyl-ACP synthase II 2 1 1 1 412 43,6 6.65 222
(BB414_08470)

WP _108169314.1 Hop family outer membrane protein 1 1 1 1 485 53.1 941 217

HopF (HopF)

(15%%)

<l actamicro@im.ac.cn, & 010-64807516
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53R 1)
Accession No. Description Coverage Peptides PSMs Unique @~ AAs MW calc Score
(%) peptides (kDa) pl
WP_000117433.1 Citrate synthase (GItA) 3 1 1 1 426 483 7.88 2.09
WP _001183652.1 Fumarate reductase cytochrome b 4 1 1 1 255 288 9.44 2.04
subunit (FrdC)
WP _108169352.1 Acyl-ACP-UDP-N-acetylglucosamine 4 1 1 1 270  29.8 7.08 2.04
O-acyltransferase (LpxA)
WP_108169612.1 Nucleotide exchange factor GrpE 7 1 1 1 191 222 541 202
(GrpE)
WP _108169634.1 Cytochrome-c oxidase, cbb3-type 3 1 1 1 292 32,6 6.18 2.02
subunit III (OUK_0478)
WP _000976634.1 Do family serine endopeptidase 1 1 1 1 476 515 9.19 2.02
WP _108169978.1 Cag pathogenicity island type IV 4 1 1 1 207 240 8.16 199
secretion system protein CagD (CagD)
WP_108169513.1 ABC transporter substrate-binding 4 1 1 1 333 372 895 1.97
protein
WP _108169787.1 DNA-directed RNA polymerase 0 1 1 1 2890 3233 7.06 1.95
subunit beta/beta’ (RpoBC)
WP_108169488.1 arginase (RocF) 4 1 1 1 322 36.8 699 193
WP_108168925.1 DUF1104 domain-containing 10 1 1 1 140 16.0 9.52 192
protein (AA977_03345)
WP_108169590.1 FAD-dependent oxidoreductase 2 1 1 1 450 507 7.64 192
(Mqo)
WP_108169497.1 Cytochrome c1 (HPK25 00925) 3 1 1 1 285 317 854 192
WP_108169917.1 2-oxoglutarate synthase subunit 2 1 1 1 375 414 640 190
alpha (BZK19_00840)
AA: Length of protein; calc: pl, calculated isoelectric point; MW: Molecular weight; PSM: Peptide spectrum match.
Fz2 TS GroEL M EBRMS
Table 2 Classification of proteins possibly binding to GroEL
Protein group Proteins Count*
Enzyme 19
Redox-related enzyme GltA, KatA, AhpC, TrxB, FrdC, Mqo, BZK19 00840 7
Peptidase PepA, RocF, HtrA, AA977_03345, C2R77_03000
Other enzymes UreA, UreB, AtpA, AtpD, LpxA, BB414 08470, HP17 08079 7
Outer membrane protein FrpB, AlpA, AlpB, AOD76_0206895, BOX38 04460, BabA, 15
HopA, HopF, HopQ, HpaA, HpaA2, Omp18, SabA, Outer
membrane beta-barrel protein, Lpp20
Transcription-translation-associated proteins  FusA, RplB, RplF, RplL, RplY, RpoBC, RpsL, Tuf 8
Chaperone DnaK, GroES, GrpE, Tig, ClpB 5
Cag pathogenicity island related proteins CagA, CagD, BHU51_05410 3
Redox-related proteins TrxA, HPK25 00925, OUK 0478 3
Signal transduction related proteins TlpB, TlpD 2
Proteins with function not established AA977 03345, TipA, Zinc ribbon domain-containing protein, 4

ABC transporter substrate-binding protein

*: Indicates the number of proteins classified into the group.
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2.5 GroEL flEF A EEAMNMEEXR
DX £& 53 11

STRING 4l 2 Wi i) GroEL Zhfigfk ff:
EA 10 Fl, Ho 7 B srFR18, 5340 3 Fh
NFFBERR A E(GItA) . FOF1 ATP 4 W3 B
(AptD)Fll DNA F[ RNA RAE[EWE B/
(RpoBC) (Kl 4), AWFFR%E HE) 59 FiEH,
30 A 7E STRING dis b sk, Horp 8 Fh
B A b 15U A GroEL L REIK £E 5 19 . STRING
B R 43 ML R A 42 | LRl A . SEPR SRR
FERSLFRIR | S BE . B R . ORIz
P B HE AR EAE 8 ANy TR AR A LG R
7Py, SR RoR B A Z ) & AR BAE Y
AREtE R, AMRPEERNERRYS
GroEL M XRBHEW IR 3. HEXR

®3 GroEL SHARESEAMXRTNER

4 GroEL 5EFMBIThREIKFHEXFRRN
i

Figure 4 Network analysis of the relationship between
GroEL and its predicted functional partners.

Table 3  Scoring results of the relationship between GroEL and its possible binding proteins

Protein Neighborhood Gene fusion

Cooccurence Homology Coexpression Experiments Databases

Textmining Score

GroES 0.832 0 0.438 0
DnaK  0.081 0 0.462 0
GrpE  0.163 0 0.212 0
ClpB  0.060 0 0 0
RpoBC 0 0 0 0
Tig 0 0 0 0
GItA 0 0 0 0
AtpD  0.070 0 0 0
AhpC 0 0 0 0
AtpA 0 0 0 0
FusA 0 0 0 0
RplL 0 0 0.245 0
Tuf 0 0 0 0
UreA  0.117 0 0 0
UreB  0.043 0 0 0
RplY 0 0 0 0
KatA 0 0 0 0
CagA 0 0 0 0
HpaA 0 0 0 0
TrxA  0.043 0 0 0
TrxB  0.043 0 0 0
PepA  0.071 0 0 0
Lpp20 0 0 0 0
RpIB 0 0 0 0
RpsL 0 0 0 0

0.874 0.957 0 0.945 0.999
0.871 0.335 0 0.933 0.996
0.869 0.133 0.449 0.894 0.994
0.870 0 0 0.889 0.985
0.086 0.959 0 0.611 0.984
0.096 0.300 0 0.882 0918
0.071 0.074 0.572 0.791 0.913
0.062 0.043 0.565 0.794 0911
0.234 0.139 0.138 0.827 0.889
0.089 0.094 0.572 0.678 0.871
0.146 0.297 0 0.793 0.865
0.093 0 0 0.808 0.857
0.265 0.138 0 0.793 0.857
0 0.788 0 0.281 0.853
0 0.319 0 0.768 0.835
0.081 0 0 0.791 0.800
0.061 0 0 0.794 0.798
0.058 0 0 0.767 0.771
0 0 0 0.769 0.769
0.072 0.338 0 0.645 0.763
0.065 0 0 0.696 0.704
0.117 0.134 0 0.506 0.602
0 0 0 0.542 0.542
0.156 0 0 0.376 0.450
0.150 0 0 0.363 0.435
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W25 53T & B GroEL AbFHna 5 i, &AW 4%
AOE R 3 N B R, B S R, ik
RIFESE UG SRR 16 FEE AR K
ML, EEAFESTIEE . JRE M (UreA .
UreB). Bit L F1(TrxA) . i 8k 2 H ik
Yk JE i (TrxB) . o S AL A (KatA) . i FT =
HpaA FI4 il 5 2 AH L HE 1 CagA 555 HIRZEL
ZLAA T S FR I 10 FhEE TR B 2%,
SERESEABIIRA DG E BN LU &
WRFONM S PRI RTIE B LS, dE 3 Fh
5 =R AG YA AH L (GItA . FrdC. Mqo)Fl
2 Fil 5 ATP & A SC I (AtpA . AtpD).

Mqo — FrdC = ClpB

3 W54 #®

TEA TS DIE s Pulldown SEIGHY, [
RA AR g G AR E . AWFIE
Protein G BEERZS & PU His bR Prik oo Ui ve i)
Jidi, ATRAM AR JUAS 7 R R R S v 25
5, ML 1 GroEL & 15 HP & &N
PERCR A AR EAE T, AT B K PR B D/ ] B A7 AE
(1 B E. coli FAMISEM ;. HIk, Z3d$i His
FREFUATISE S Protein G BEERSAS S, T LLE )
G ER & Protein G MIVERT, L2 1 51
¥ Protein G WYAEAF R4S & o I, 505

5 GroEL SHFBZESERHEXRAMMEN

Figure 5 Network analysis of the relationship between GroEL and its possible binding proteins.
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HrP AR GroEL 2 8 &t 54X L, %
/DRI E. coli 2485 19 ) HP 25 IR BOR T iRy
FPELE G B I SEIG A RS 2 B AT BR A
YE R T8, GroEL 3l 16 40 i i h &
WERA 2 M ENEMIEZERA, JFE GroES
BRI T SE RN IR A E R T & . R
FEH, GroEL HAEH & HAE M B 10%1E
P, A LT B ) IR AR AE — 2 R D e
BB R B, RIBHET GroEL 458K
Yrh F R fe i 9 52 M B O SRR | WS
PRI DG I 2K Je 2 5 i s TR I 2R 1 2
AR N RGEHEE R T HP hATRE S
GroEL 4559 59 fiE M, #)P4875 T HP Hh
53 FFHR GroEL (R HRIEFIECR , X iR
A T GroEL RAEY)#ohRedeflt T 8 ny 2%,
AW EMER T, A 19 FiZ 5%
A AIBEZE, 8 M SR RMIFENER, &
B GroEL £ 4k -5 A 1 EE 11 o i S5 % v 473
HEESMO, AP A 15 FOMEE T,
BabA ., HpaA. SabA EFEEF MK, "aEH
GroEL %54 . JeRimImisi &M, GroEL W] i
7E HP SRR R ] H BRAE HP 77 A Y B S
Horh 4 X RN GroEL 1] A 5 AN R (I 174
Tz B HK, {HHHT GroEL i o fa] F ik 42 ML
i AL B AMEE LA R AR A S D 28 3 F
YER ARG . AU HE, TEREZ 0957 5
YAk, SMEEE 1 OmpB 5 GroEL 75T N 4%
& Ja I m A B AN, X HP 19 GroEL,
SE RN 5 2 85 G A B SME |,
T it — 2RSS AL, B TS HGE , GroEL
AN OMPe S 3 048 L 7 4 4 TG TR
(Bordetella septicaemia) 5 i B 73360 19 3=
TR, AT LATE S/ BU™ A O Gt o
HP AN H Y GroEL RE T K ME,
EAFIE— P RE . AR, A 10 Fh 5%k
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W JFUM S Tl A8 1 7T BB GroEL 454, #m
GroEL 7E HP AT 40 Ak 1 385 s % 4 4 i S iy
MEOMEETREER, CAFRHRE
GroEL A {3 [A]E AR A JE i (sulfoxide reductase)
16 52 TR SR Ak 32 100 1) 3 4 b S (K atA) FF 4 &2 3
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