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Abstract: [Background] The infection of Nocardia seriolae, a typical opportunistic pathogen, has
been documented in many kinds of fishes such as Channa argus and Micropterus salmoides, particularly
wounded fishes or fishes with decreased immunity. The resulted nocardiosis lasts a long time, causing
great loss to the aquiculture. [Objective] This paper aims to clarify the pathogenicity of Nocardia
seriolae isolated from hybrid snakehead (C. maculata@xC. argus3), as well as the whole genome and
virulence factors information of the pathogen, which is expected to lay a basis for the future research on
etiology of Nocardia seriolae, prevention and control of this pathogen, and vaccine development.
[Methods] Through challenge test and pathological analysis of target snakehead organs, the virulence
and pathogenic characteristics of Nocardia seriolae NK201610020 were elucidated. In addition, based
on whole-genome sequencing and comparative genomics analysis, the genomic features and virulence
genes information of the strain were clarified. [Results] The result of challenge test showed that the
death rates in the five infection groups were up to over 90% except the group of 1.5x10°, and the LDsy is
1.079x10° CFU/mL, which indicating the strong virulence of the strain. Histopathological results
revealed serious pathological damages in liver, spleen, and kidney, as well as formation of granulomas.
The whole genome of NK201610020 was 8 294 329 bp with GC content of 68.10% and 7 812 coding
genes. The genomes of Nocardia seriolae from different hosts and different regions showed little
difference (>99.9% similarity). According to the alignment with virulence gene database, 171 coding
genes in the genome of NK201610020 might be virulence genes, which were involved in cell wall
synthesis, nutrient metabolism, and persistent bacterial infection. [Conclusion] Nocardia seriolae has
strong virulence, and conserved genome sequence containing diverse virulence genes. The results lay a

basis for further analysis of Nocardia seriolae pathogenic mechanism.

Keywords: Nocardia seriolae; pathogenicity; whole genome analysis; virulence gene
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Figure 1 Artificial infection results of Nocardia
seriolae to hybrid snakehead at 25 °C.
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Figure 2 Anatomical drawings of Nocardia seriolae to hybrid snakehead at 25 °C. Arrows point to white
nodules.
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B3 #iEFRKE NK201610020 R RTEMALRFESM A WHRACEHL, B: BY4L0
HEEQH ) 9 C: X‘J‘/E\\E\g I%HEQE. N\ 9 D: JLA\ ﬂhéﬂlgﬂgéﬂ N\ 9 I%/J\ IEﬂﬁEf Em%ﬁjém(éléﬁﬁ%)’ H‘:‘
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fisk), MSPRIMELAT%), BRI RTEGLOFk)

Figure 3  Histopathological analysis of hybrid snakehead infected with Nocardia seriolae
NK201610020. A: Normal heart tissue; B: Infected heart tissue; C: Normal kidney tissue; D: Infected
kidney tissue, extravasated blood in tubulointerstitial capillary (red arrow), hyperplastic macrophages
(yellow arrow); E: Normal liver tissue; F: Infected liver tissue, connective tissue (black arrow),
extravasated blood in hepatic sinuses (red arrow); G: Normal spleen tissue; H: Infected extravasated

blood in blood sinusted spleen tissue, nucleus of necrosis cells solidified or cracked and dissolved (black
arrow), extravasated blood in blood sinus (red arrow), depositional hemosiderin (yellow arrow).
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Table 1 Genomic features of the N. seriolae NK201610020 genome and comparison with genomes of other

Nocardia seriolae strains

173 GenBank %35 S X Ir SRR RN CDS  GC & tRNA RNA

Strains GenBank accesion No.  Hi}[i] Area Isolation origin ~ K/) & GC e BaE

Year of Genome No. of content No. of No. of
isolation size (bp) CDSs (mol%) tRNAs rRNAs

NK201610020 NZ CP063662.1 2013 R A B REA A i 8294329 7812 68.10 64 3
Guangdong, C. maculataQ x
China C. argusd

730503 NZ_JNCT01000000 2014  HEJ %R iBiA Y o 7708091 7297 6825 62 1
Guangdong, T. ovatus
China

HSY-NSO01  PXZE00000000.1 2014 HREP Ly fi 7907139 7043 6820 65 5
Sichuan, China C. argus

CK-14008  NZ_MOYO000000000.1 2014 &[] 5 i 8370754 7903 68.10 66 12
Korea C. argus

EM150506  CP017839.1 2015 #iE H At i 8304518 7794 68.10 65 12
Korea A. japonica

NBRC 15557 NZ_BIWY00000000.1 2019 &= B ok f 7606457 6787 6830 61 3
Korea S. quinqueradiata

N-2927 BAWD00000000.2 2007 HA AR A 7758286 7531 6830 63 3
Japan S. quinqueradiata

UTF1 AP017900 2008  HA B4 f 8121733 7697 6810 63 4
Japan S. quinqueradiata

U-1 BBYQ00000000.1 2011 HA Ak fm 7766019 7429 68.30 62 6
Japan S. quinqueradiata
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Metabolism
Global and overview maps
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Figure 4 COG (A) and KEGG (B) function of classification of Nocardia seriolae NK201610020.
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BT A BL DAL 5 ke i AR 2 R
7E 4 TR 41 P (D 6) 2% #) DL 5 T
NK201610020 1S5, 5 Hw 2 1) 8 5 fil
PR ICH CK-14008 Fl HSY-NSO01 AH# T Hofh
R I DR 21 e /D

6 9 HREHE K EEEAEE

--------- EM150506
A NBRC 15557
1 54L— ----- UTF1
[0 S —— 210503
100
—U-1
100L - - -N-2927
------------- CK-14008
4@‘: ----------- NK201610020
UL HSY-NSO01
0.001

B 5 9IHEXHEFRESERAHLR
Figure 5 Genome-wide phylogenetic tree of nine
Nocardia seriolae strains.

242 HEZMSH

it MUMmer A7 5L 4 scaffolds
AIHER, {fiFf] BLASTn XJ 4 #k C 2438 58 4
R 7 e N AN s o~ S PR B B il = 0 B VTN B

R 7), WEHE NK201610020 4351 55

M NK201610020
NBRC_15557 U-1

100% identity 100% identity

95% identity 95% identity
M 90% identity ™ 90% identity

CK-14008 UTF1

W 100% identity
W 95% identity
M 90% identity

W 100% identity
W 95% identity
M 90% identity

EM150506 HSY-NSO1
M 100% identity ™ 100% identity
W 95% identity 95% identity
W 90% identity ™ 90% identity
N-2927 ZJ0503

W 100% identity
W 95% identity
W 90% identity

W 100% identity
W 95% identity
W 90% identity

Figure 6 Circular genome map of nine Nocardia seriolae strains.
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0 Mb 1 Mb 2Mb 3 Mb 4 Mb 5Mb  6Mb 7Mb  8Mb
NK201610020 . 99.61%
CK-14008 99.93%

0 Mb 1 Mb 2 Mb 3 Mb
NK201610020

0 Mb 1 Mb 2 Mb 3 Mb
NK201610020

EM150506

7 HEMESITER

Figure 7 Collinear analysis results.

[ 12 685 7 BT CK-14008 F H A 8 i 5 3 25
B EM150506., H A 450 73 25 7 UTF1 765
fk FES LA RIF R ILZeeE, il BLAST iifs
ok 0 [RE T 9 R o A T PR R TR 9 1 L
FEILE 97%LA b, (HZSE R HES i P LA 55
K2R 5 3 PRIITE R IRBEAALL, PIRRES
filfiiFs - [ NK201610020 F1 CK-14008 [1)— 3
PR o
25 BHEFSH

8 1) 5 2 77 L R B 2 (virulence  factor
database , VFDB) # 17 tb %t , i U i 3 7
NK201610020 25K 2 A 171 Db 751 Al
Ae A HE BRI . AR R R ThRg s, Al
DAL 1000 5 07 DR 43 R 5 A L RE S BOAH G A
T 5EFREAHXEF . SU0E R
KHEF =K, ARG HENFERRE 2, H
L 5 4 I RE A BUA OC R T HE fbpA/BIC .
KasA/B. c¢ma. inhA. mbtA—H. mma %5 6 253
NI HEFREMH IR LZ, WHEE

4 Mb 5 Mb 6 Mb 7 Mb 8 Mb

97.77%

99.89%

4 Mb 5 Mb 6 Mb 7 Mb 8 Mb

98.53%

99.25%

s W) 40 = A Bl (mammalian cell entry,
MCE)K G | fad. ksh. plcA/B. gin. icl.
glpX. erpA. idrR. fur. devR-devS % 11 253
JIHED xS B 5 A R I RS At
NP EAF TR ARG . 5 S AR G N 7 %
mmpl. HbhA . sigd/F/H. eis. ptpA/B. ndk.
Reld . sodA/C/F. nirB/D. whiB3. ahpC/D .
oxyR. phoP/R. katG 3 14 25 SR, XLk
R DR 5 A R T T R A T 4 A R I S A L RS
A AT IR R

TERIGH NK201610020 4L K40 ¥4
KW T 5 VEDB ¥4 FE b 45 & o AR
(Mycobacterium tuberculosis)i) MCE R =
FNEEH A 5E A AH R 4R 5o v R R B A
8 MHHIFI A 5E%E MCE 489\ 1, BRI\ T 045
SEA# S R LIEHES, BARSSHInE 8 .
DB RN T H R AL 7 741-8 963 bp
Z I, Bk MCE3 ti 9 DEH LN st , H
AT AT I 8 Gl R 4
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F2 ®HEFKE NK201610020 FiNEZEHEREE

Table 2 Predicted virulence gene of Nocardia seriolae NK201610020

25 s ) g SCHR
Category  Genes Products Functions References
MMIEES  kasA, kasB  [AEERE-ACP & i 2 5 20 B 43 A TR R A= B T [16]
B G Ketoacyl-ACP synthase Mycolic acid subunits synthesis
¥ cma WNBE -7 KRR 2 5 2 N BE 3 BT R A= ) T [16]
Cell wall Cyclopropane o-mycolic acid Mycolic acid subunits synthesis
synthesis  inhA4 v Sy S 55 20 L RE 3 A3 TR PR AE 0 [16]
related Enoyl reductase Mycolic acid subunits synthesis
factors mbtA—H 3BT B R LA O 2 5 20 L BE 3 BT R A= ) 5 T [17]
Mycobactin biosynthetic cluster Mycolic acid subunits synthesis
mma AL I BT TR TR 5 il 2 5 2 N BE 3 BT R A= ) T [17]
Methoxy mycolic acid Mycolic acid subunits synthesis
fbpA, fbpB, Ag8S5 &I HAT I3 A0 B R R Tl 165 1 [13]
fbpC The antigen 85 proteins Mycolic acid transferase activity
BERAUH mee MCE Z i 1 ARG LA, 25 MR A [13]
LiESER MCE family Protein Invasion, cholesterol metabolism
Nutritional fad N Wi R 2= 1 Tl 2 5 A E B [16]
metabolic- Fatty acid desaturase Cholesterol metabolism
related ksh 3-H -9 o35 H AL g Z 55 IR [ AR 3 [17]
factors 3-ketosteroid-9a-hydroxylase Cholesterol metabolism
pled, pleB  Wi§HE C IR A1 FE A MR F A BEAS [16]
Phospholipase C Hydrolysis of host cell membrane phospholipids
gln A A e 3 I 0t i AR AR A [16]
Glutamine synthetase Inhibiting phagosome acidification
icl SRR PR LA 2 5 CBERRIEIR [18]
Isocitrate lyase Glyoxylate cycle
glpX T 1,6- WL Z 5B [19]
Fructose 1,6-bisphosphatase Gluconeogenesis
erpA PR R LA AE N TR . AR [20]
Iron-sulfur cluster insertion protein  Iron-sulfur cluster assembly, respiratory
metabolism
ideR BRI 1 8 A PETRCER BRI [16]
Iron-dependent repressor protein Iron uptake/regulation, siderophore synthesis
fur BRI R T P ideR M [16]
Ferric uptake regulator ideR gene regulation
devR-devS DNA L5455 s T BREETT B AT IO e R [16]
DNA-binding transcriptional activator Activates its own transcription under hypoxic
MEFFEE mmpl A 11 % 25 1ML N B9 ) S5 i A 25 ) P HE [16]
JRYLAH Membrane protein large Involved in the transport of substances within
A cells and drug excretation

Persistanty HbhA FE YA MmEEH Z 5 NIRRT EENTE R, A AR [21]
bacterial Heparin-binding hemagglutinin Formation of intracytosolic lipid inclusions,
infection mediating adherence to epithelial cells

related sigd, sigF, o AT 55 40 1 Fr S gL A o6 [16]
factors sigH Sigma factors Persistent bacteria infection
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@i 2)
eis N-Z B # il S S A T T R PN A B ) [18]
N-acetyltransferase Enhances the survival of bacteria in macrophages
pipA, ptpB &5 BRI A I fid 3 B WA M AT [13]

Low molecular weight phosphatase  Survival within host macrophages
family protein

ndk RIR — W IR A JnsE ATP 755 20 M1 AL T-HY RE ) [13]
Nucleoside diphosphate kinase Strengthens the ability of ATP to induce cell death

Reld W (p)ppGpp G /7K f il Z 5 0 R AR A TR T B R A [13]
Bifunctional (p)ppGpp Involve in the bacterium’s strict response to
synthase/hydrolase survival pressure

sodA, sodC, AP AL HRATC L Wt 200 5% (18]

sodF Superoxide dismutase Resistance to macrophage killing

nirB, nirD  AYER £5 14 )5 il At A STV A 1 6 18 I [13]
Nitrite reductase Catalyzing the reduction of nitrite

whiB3 B K 2 A S AR SRR [22]
Iron-sulfur cluster protein Regulating redox homeostasis and virulence

ahpC, ahpD J&3E3L AL )ik I il PUAALORY, 18 LR A A AE TS [16]
Alkyl hydroperoxide reductase Antioxidant protection, survival within host

macrophages

oxyR T k- ACP A Wl 111 X i 85 W9k ahpC FH [16]
Ketoacyl-ACP synthase I1I family protein Tightly regulates aipC gene

phoP sk E A ARG I E A RIS [13]
Transcriptional regulatory protein Regulation of virulence gene expression

katG i A AL S T AR 1 4 400 ) A K3 [13]
Catalase peroxidase Long chain fatty acid inhibition, inactivates

mcel

mce?

mce3

mce7

mced

mceb*

mce7*

mce8

yrbEIA yrbEIB mcelA mcelB mcelC  mcelD mcel E mcel F'
7157 5660 — ) D —— E—— ) 7 166 406
yrbE2A yrbE2B mce2A  mce2B  mce2C mce2D mce2E  mce2F
791 341 0 n— > D — S— ) 799 308
yrbE3A yrbE3B mce3A  mce3B  mce3C  mce3D  mce3E DDE mce3F

1662 980 ) m— ) D — S ) | 671 943

yrbE4A yrbE4B  mce4A mce4B  mce4C mce4D mce4E mce4F
2 683 746 L4 -— i D —— S S—) 0 692 303

yrbESA yrbESB mce5SA  mceSB mceSC  mceSD  mceSE  mceSF
3416984 ) — > ) I— S ) 3 424 868
yrbE6A yrbE6B mce6A  mce6B  mce6C  mce6D mce6E  mce6F

3466 498 O n— X D el s— s—) 3 458 757

yrbE7A yrbE7B mce7A mce7B mce7C mce7D mce7E mce7F
5795 861 [ ) —— X | —— S ) 5 786 987
yrbESA yrbESB mce8A mce8B mce8C  mce8D mceSE mceSF
6223 664 [ D —— X ) — S ) 6 232 298
2 kb

8 HNEFICE NK201610020 EE4H 8 > MCE 12N FEME A5 (mee6*Fl mee7*)Fn 41 Iz [m] HEF

Figure 8

The organization of 8 MCE operons in Nocardia seriolae NK201610020 genome. Asterisks

(mce6* and mce7*) indicate reverse complement orientation.
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T MCE3 #29\FHr, Z5M 5L mee3E F1 mce3F
Z A — AN, R Gt AL R N YT )
SLN DDE. #£ 8 M1+, MCE6. MCE7
Fl MCES % 3 PRI+ L R HEZ I3 2 S 1]
HEFN . teah, 8 KEIA mcelR. mce2R 54
BRI B TR T 2 b

3 & #

3.1 EEFIREMBURTSHEREFE S

AR, MR RN TE S 88 K1 R s
AR E R, XK ISR T E R
SOEE N 17 N ANV SRV A e = E N
RIGHEF 20%—60%, FET A Ei5s 100%),
g R IR PR, B AR RN AR
FRALP B, 68 LR . . M. B
WA AR E T RO ass Ty, SiviugR
FRIE M, IR IR e,
i PR 3 5 1) 4% A B8 5 i 1 [ T NK201610020
Xof S g £ 2 A R AT N TG, 7R IR A
PR SR EA REN OGS, 52
238 A RE R AR — BB (H R A SR e fa A
Z5NRARIHBEET, ATfeS ARG
WRAEAG K. Nt —2 T R R X
ZRACHE I EE ST, AMRIE T 6 MR MK
(1.5x10°, 1.5x10%, 1.5x10°, 1.5x10°, 1.5x10’
A1 1.5%10° CFU/ML)X} 24 A2 8 yE 7 N T, 4%
TR e T B A LIV B 2 R AT 34 d Bt
T2, FWREEIFET- %R 100%, fIRHk 4R GLt
TR RIS 90%, AINAEIR T B 25, 4
WS ESEIHET . RAVENEGE ., &
AR KL B G RS s WA 2 o
R ATE EVUAG RES 51y, BRI T8
JIEFAh, 5 HIE A A Y 40 T AR % )
PG, —ORUL, B R, 5k
o S ) A TR B D B 2 DR S 2 R A

HHRK, AWFFEH, 1.5%10° CFU/mL B 4H 1Y
St FOVE 2 5 K 90%, 1 1.5%10° CFU/mL
YL SR ] 14 d MR HERSETS,
Reed-Muench 1% LDso & 1.079x10° CFU/mL,
Bb S0 S5 PO GH 1 P T 65 62 4 BT 230503
[ LDso ZAI%, 1B A 52 36 v 5 i v - QTR Y
BT HR

WFFE RN, A0l i FC R L e o
AL AT R sy, ik
P 2P SAE, Y R B R A B HLA &R
5, BEE MEAIEHY BB &S E, RE
TEAH L ()4 B UG5, Rl i B g 4 i 2
A, R R A A, B
S5 T ik E 40RO A N+
AR - S BB R -, AR E WA ot Y
B TV £ 6L A O B 00 2R A RIS A s 5
IR B, I 2 AT o3 Ak Ry b B R 20 N 2 A%
E g — S5 WM T R, AR
T NK201610020 /B 2252 8 fm, 1 Uk s £
R L BRI A TR RS, R I L
LRI TR 53 B | BT A A 1 A 2
I HAR M LS, H . BORTE B B
T ZARFeAE, R RBRIE R A ZERh A5,
BRI LU B S rp el L A R A AR, A
WA AR, SEESEEPHRENA
SRR I S BB I PRSI — B, SR AR SE G A )
SO R G I S 2H 200 B T A 2 A W AR Ak
S5 LA v R QR g il s, L
PR A AR, S T e R IE AR AR
WS e s, dEim T,
3.2 ET&EFRAMENELEFRKERIFEED

AR T AR = AR A A £
ARARAGT T G NK201610020 FY 42 35 PR 40
G o TEEUHE R B M S E B 3k PR 4y 3
ISV S O w7 i NN Rl A i e SPS N
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JNERAE XK (7.6-8.5 Mb) H. GC & = #5 5 (24
68%) . ASBHF 5 A i i - [Q T NK201610020 5& [
i — ARG BRI, K/NR 8 294 329 bp,
SRR GC &l 68.10%, SEdHED
At AN [) b DX AN ) = 4 8 %) s T T o A
FEDUE BARE R A3

LR ThRE 1T, it COG R 2
5253 M, XESELH A FIAFRERS ST
YT A A ORI L R, BRI . AR S R
AL 2 RLRE 0 RS A R . BB RLFE AL AR
S oKL AW R AR . A K
oML R, fEE R R, AN
RN = B KRB, < s Rl 2 L R i iz il
PRI A S 10 S R fe . SR AE AT R [
wH, WA EAURE S B S R A S R ]
I oS B AR A T At S TR B e,
RGPV Z W LR mE T EL )Y
SV AS ST, 9 G A A g G v 4, G ek
IRE 5 H kR NK201610020 Fé 8 WL 6B AR
Ko WL X KEGG &, Qi & 4 8 0
HESR . Bk | 6. wokKIbawaE, X
S E I RE e E R SN s . .
JE D SRR B PR S A AT BB OC R . 7R
PRI REZKSF- b, AS TR R V5 9 i 4 EC A TS B (2
20

L 7E NCBI B b Pk et i 8 PR R
R W =N ) 7 o S SCR < i a  T
WA B AR, —BUEELE 99.9%,
PIHEAA S 9 BREWTE R IR E2 0T 3 %,
3 Bk )k R T3 E A b G B VR T RR R N
— R, 3 RS R T o R AR ) S Sl
PRI Sy —H%, SRR FPTE 3R U A i
FQ TR A IR 7 9 e BE AR, ZEE Ak b 5 b P 2
SRR Tioh, AU LB T 8 i
fiflive & G EM150506 Bl iz oh, oAty 51

K BIRK ARG KRS AR —FE, &
B Sk B YR K i R K a1 T AR LR DR 2 1 2
FIE—E 2R, 5 Kim PR HF 545 1 —3.
LR A TS R B, R R RS B
AL, AR v - PG P S R 4 1) — Stk AR
i, I HLAS ) kb DORE [R] i 32 43 5 i TC T 1Y)
— . PR EC R R ] A [
X Al 3243 B B i R R e e A B A 1
el SO LR RIS T O b R B
LRI R 3 85 L R R AR A . B 0 pH A, 2
JNTEAE R b X S5 H R K £ 8 0 i G T
VIR — WA k. 28 B, s R IR et
AR B BEN AR AR R RS, A 323 W A
TE—EES, (HHAMRE ., EIREh
AP FNK . FEDR L AR A S 4R T
REREBAEE R, NaE— S5t il S
o 118 1 BIF R B4 A
33 A FIKEMSHEERSH

fili s FG TR A0 200 B 4 R R A R AR £
T AR BRI . BRSO AN A
SRR ) — T R AR BRI . 5 5 A% A B A
AL, TR TE R TG TR 0 20 I RE v g B e R
FIAEAE, JEA B AN B R () B A oy, S himtE
AP SR ER R a- B R R . B4
B PR R R AL A0 R TR R 3 RS ML, 76K IR
P NK201610020 H & L5 434 i 2 - A5G 1)
kasA. kasB Fl inhd 30, 5 FAS-II &4
JIT T A PP BE A A BB | A R R AL Y
WA K, FEM T FAS-1 R4 5] FAS-II 24¢
G402 2R T AR NK201610020 F¢ 41 bt 2 2R
fbpA. fopB F fbpC EIEN, H i 45
85 G WI(Ag85) EAT 43 A TR R e B Tl (AT 1k
5 20 B R B R A 21 2L R BE G B B R AR R 1)
ARG G, B EAFRIE R, R
FRHLPE i 2 2 G A,
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7 NN RS NS/ 87 o RN 1 w1 O
R IEAA, AT IR A LG A0 M PN A s R A
L, JFBEUETETE EAMMINAENE TR Mlivd R [T
PRI X — AR fefT LA K ™ 5 Bl 1) S B £ 7 v HfE
PAB$5 . BO i B 0 5 B8 SRR R B
2 AGLHE 20 A AE P9 B 75 4™ Y, MCE
KW R AE G L R T R, TES5 %50k
R EA 4 MR F, BRI T H 6 M2
PR R, 7ENRE BB RS EAR
1 A0 RN TE A B AN M A7 TS A DL Sk TR
EIRATE R, W RKE B MCE Kk
WRAE T EEAEM., AR KRV, MCE #:9\+
FogikL, WRPRE ERIEERY, milR
P NK201610020 H & B T 8 458 %1% MCE #;
Y+, 5 HA UTFL BitkH MCE ZI% 45144
o, HET7E9S MCE3 #I\ 7K $, UTFI
B mce3E Fl mce3F W% T — %0 JE
orf3406', BLAh, ALK H NK201610020 7E
MCE Z W53 I i b A7 AE i B TR T 2 A0 )
mcelR 1l mce2R 45 FYFEDR, T] G 2] 17 A%
FITERPT, HF5ERE, MCE ZKEH McelA
O HOUESE T HAT (2 3E 2 A 20 M i T R
McedA B [ HA 1Y 9o 7 DA SR O IR L 45 B &
G HIRE T, A B IR E s EA0I N AR
fraeTT, BT EEWEANM IL-1B. iNOS
HI TNF-a 3E8 mRNA Fy2k080 il /S w0
MCE ZW 2 5 H A 5 S5 8% 53 BoFF 18 Rl R 1 )
e, AR5

filfiigs = FRBE AR A R R b T A RN B R
YIRS BT, IR . IR AED A RS
o3, DR —S 4 Jm e R R, s Yt
BHTHEIRZMN S, wisE 5K A BTk
A4 R W U R QB B RE S, O AR AR K
R R E R Y A A AR . TR bR
NK201610020 4L F L4, K INA gt b5

PR ZL fift it (isocitrate lyase, ICL)JJER, HF %
VERRTE S RERR A I R B ol AT R IR %
R, AR AR AU
P, il LR RR IS, AR MR/,
SRR — B I I] J5 4 R s Ok RIR I Re T,
icl JE P E T4l A\ S bR S K &2 T FH Y R AR AR
R — AR ARG RE T, X UAHT icl X T IR I 7ETE
F UM B FR B RE D B AR R AER . 1
H Pk NK201610020 42 5L K4, s AT 2 i
Wiflg M C (phospholisae C, PLC)J:H HIAFTE
RN C FEH plcA. pleB. plcC F1 pleD iX
4 AR G bt pg, H I 2R AT DL
B N AR R, R R TR AR ATE 3 AR B
—EMIUEN . AR EV, KR Em
I'] B B (Salmonella) B B T K W 5 7 1K #
(Escherichia coli)S5 %Mt a EANMIS . AT MY
WBEIRRE C 55401, (RN Ca™ WY
i, fih A& 5k 22 WL sh 25 11 (F-actin) 40 g 5 22 = HE,
LT EAN N A IR, X AT RES i
IR X 1E AR5 e TR 8247 16 A 2% U)K
Fo BRI AR IS B2 S sh— RIS
B LA B 0t Ao B AR A 7 K A A2
L I 240 L YT D e Gl 2 0 %) A48 L PN 3% 493 R Ak
S AR o B O IR B (nucleotide
diphosphokinase, Ndk)F1E [/ 2 FR W IR i A
(protein tyrosine phosphatase A, PtpA)r]fH1-E
I 2 Wt A 2, DT A0 9 it 1 7 s 24 L
WRERS A A7 TOoRIT R I, B S st
30 2 X i £ TR QT pep FEDR e RIS BEWI 2P
5T, K prp PR AT B 5515 T 40 ML T AH G
FH T 8K 7E B 20 M P o B B EL A TN
RAS, LT ZEA B AR R A R 1 )5
A LUAEAE, X AT R B T ivs R IR e e &
L 41 N A7

TEME EA M N U RTEE A, A
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15 1 995 AR 0 250 AT i #% HIC AN i 3 At b & #5 1R
PR FR T = A i 3 R, R B X T A
i ONER = &L= O L T R O 1 = W e = I B
b A Ak A RN A AR P B Ak B (superoxide
dismutase, SOD). 7EIAT 1Y E &40 A 1 2L R 41
Hh RGN 3] 1 gt D ek 4 A S R AR Tb B Ak
it A B DAL o LR RE S AR EE F B PIr 5 B B
PRk T A 32 1 B A8 ML 1) 5 1 o0 A iR 21 1
TN, NMiTemE A A58 K
IR, 1R IR BR OS5 B A b S A
Ak Wy 5 Ak Tl R R A W 240 e ) A Ak R A L
i, DA 3 3 A A5 0 B 1k 27 32 4% K H
2 FE B NK201610020 4x3E M4, A B
f sod. kat Fl ahpC EILHFBLFFE, XA HE
Bl v R TG TR TE ORI BE 5 1 E wa 20 i Y
MICE A T A B iE™, B
+ K & (Nocardia brasiliensis) HUJEG-1 3 13
BHI 3% 77 HAL X 200 W5 FRA5 14 B bk 56 X 41
A TR, i SR A DR A 3 g 1 R ST Ak
Mt B DA i PR R A I DN S 4 MCE Kk
FEPR 280k S I 3 ik % B TR AR A I DR
55, I S D Y e 2k T R 5 HRE )
AEYVRFR, BT SR, BEAYE i
it i 1R 30 I il LA A, e i St A Ak Ay g
ahpC 1 ahpD WHAREEMEH . £l
AALERGIEIN karG WFRIG RS, 5
WA T ARG A8 470G, ahpC F1 ahpD 3&RAE
Py T A b A A PR E T T e
W ahpClahpD HUEALPI ARG, oxyR F
A sk R T e ma 7R AT,

25 RR AT R 23 B ) v -
QB 15w, SEAFHRY, il s R A
I 7 0 L AR R A 93 B ) 25 2 4 T B S TG
PR YR NK201610020 Fr)J 5 20 (Y #4731 B A
M. EAREME N FE RS, AR A

HEAlF Z R0 -5 A BE S B IR S AR T Ak
YR G EE T 10 ARBFSESE R ik — 2
FE53F KV BT J v R ) E0va HL BRI 52
Pt T Bl sciE .
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