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Isolation, identification and characterization of Salmonella
enteritis from Yunnan laying hens
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Abstract: [Background] Salmonella enteritis is an important zoonotic pathogenic bacterium that is
transmitted essentially by poultry meat products and eggs. [Objective] In order to confirm pathogen
information in a breeder farm where the poultry was suspected to be infected by Salmonella in Yunnan
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province. [Methods] We collected liver tissues from infected chicken in sterile environment to isolate and
culture bacteria, then performed drug sensitive test and pathogenicity test, as well as identification of
virulence genes for obtained strain. [Results] The isolated bacterium was identified to be Salmonella
enteritidis and named SSYNOO1. Its antigen structural formula consists of the O antigen 1(+), 9(+), 12(+),
H antigen gm(+) and [1,7](+). Drug resistance assay suggests that this strain was resistant to penicillin,
bactrim, doxycycline and tetracycline, but sensitive to 8 antibiotics, include amoxicillin, ampicillin,
gentamicin, tobramycin and ceftazidime. By detecting its resistance gene, we found that the strain contains
tetA, a tetracycline resistance gene. The pathogenicity test shows the lethality of this strain for chicks,
layer chicken and mice was 40%, 80% and 100%, respectively; eventually, we found this bacterium has
15 virulence genes consisted of spvB, spiA, pagC, msgA, invA, sipB, prgH, spaN, tolC, iroN, sitC, IpfC,
sifA, sopB and orgA. [Conclusion] The present study provides new data of the pathogenicity of laying
hen’s Salmonella enteritidis in Yunnan province, with implication for public health on detection of

foodborne zoonotic Salmonella.

Keywords: laying hens, Salmonella enteritis, separation and identification, biological characteristics
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Yy, ] DUE I A YRS TR BULE S A R 3
BRI KR YT IR A% T A K
ARG A HALRE, SR G N R
FRH K R N B . TE2 8B NE g™
s R TTRERZEE T, 208 mRy
I TR AN R ZE VD1 EG B3 M a7 75 ),
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MAEYIBHA R A E] SUAERAEAT, R
e Wik AT RN 7l . PCR #7342, Applied
Biosystems A+l ; &EMMARZEIMY, Tanon KAEEA
Hy BETAES, TMMIREEYHERAERA
Al HUKAY, bRt N— R A FRA F] .
g, ZHEPIEE. MH 3ilE. SS TR . —HHga
RREFRIE, Rt IR AW E AR A R Fl o
1.3 WAEHBIES

TC BRI (FE)XG R R, S 2B 1558
BIEEAR, 37 °C 3535 24 h; PRI VK5
PR YL BRI Talis 5%, 37 °C 555 24 h;
PRE Sl R R R VE 0 LA T SS TR Ak, 37 °C 5
F% 24 h; TEEFEYIBUEA SS Bilg A L L%
AF 114 53] R TR V% PP 1) — Wk IR Al , 37 °C 4%
F% 24 h, Balifb iy i a0 g R IR EA T AN A Y
Bk o
1.4 H4iRie

A4 53 B A A 3 2 TR 43 HE R T — Rk R
FRFRdE . tifb s HoS. HEARIR NG . T EgmE. 1
B BEHEST . IRE . FALER B LB YD
IR AL R N, 37 °CREFR 18-24 h, W%L
FFidsk.
15 MmiEREFE

FEV T B R 2 W i R S Ui, R
FHBE R BEAR VLA TS 8 . Tl i b ]
G PRV LY , B B 8 A/ i 2K T A R /K Al
BT, BUDE RS MER A5, 2 min 4
JRTEE R, TR A i K 35 B X
1.6 4 16S rRNA EE 454

FEIRAN AL 2] DNA $REGLF Sid i 45, 12
W B W SE 4] DNA. SR RS 2 S5 9 1 20 1
16S rRNA 3 [ 55 41 B RS 40 2 107 8k % 5 | ™)
(% 1), PCR Jumi#k % (25 pL): 2xTaq PCR
MasterMix 12.5 pL, ddH,O 9.5 puL, Fi#549
(10 pmol/L) 1 pL, F#HF5147(10 pmol/L) 1 pL,
DNA &4 1 ub. PCR W 4f4F: 93 °C 3 min;
93°C30s, 55°C30s, 72°C30s, #7354

%1 PCRHEHE 16S rRNA EE#Y314
Table 1 PCR primers for amplifying 16S rRNA gene of
bacteria

F14 5 EiL72 ] BB
Primers name  Primers sequence (5'—3’) Size (bp)
16S-27F AGAGTTTGATCCTGGCTCAG 500
16S-519R GWATTACCGCGGCKGCTG

16S-357F CTCCTACGGGAGGCAGCAG 750
16S-1115R AGGGTTGCGCTCGTTGC

16S-926F AAACTYAAAKGAATTGACGG 560
16S-1492R TACGGCTACCTTACGACTT

5 72 °C 7 min; 4 °C {&ffF. PCR ¥4 1.5%5x
EWIREERC HL VKA . 2R LR I 5 [0 PCR i
FHMEN AR . K7 B RBRAY 16S rRNA JE[A
S REZN 3 BTy, PCR ™ 4lift
Jo AR L B 47 38 5 Wy R A7 0L e, 45 2R R
Vector NTI P4, 1931K%) 1 450 bp HYAHTA
16S rRNA JEH P51, i es1l¢ GenBank 4T
BLAST Luxf, #fiEdEnyfiiE 28, FIH MEGA
6.0 LA B R I . BIE 8 PCR 774
I e el B A A A BR A W) 52
1.7 ZELRLE

F K-B 4% 4 BRI 5E 43 B T ik 14 24 ) ek
P, BRI PR E TR PSSP AR 12
258y, FH TR AU BOHT i 1 240 TR S AR AT MH i
BV, Bt AN TR IR AR, 37 °C
FiF% 24 h RIS A0 G R, AR B SE I R A5G g
% b5 #E P 25 (Clinical and Laboratory Standards
Institute, CLSI) (https://www.techstreet.com/publishers/
clsi) il B 2B RAIE R A BN [RI 25 ) ) B
1.8 MHZGE RN

TEI 10 FhhiA: R 5L, 2350k . Bk
M2 sull, sul2. sul3, B-PAEREE TR 24 2L A
blapse1. blarem, PUFRZZEMIZYELI tetA .| tetB, %
FOPETF R Z L N aadAl. aadA2. aadB. fifzh3E
5197 51 52 SCHR[9-12] (% 2). PCR Wi
Z(25 pL): 2xTaq PCR MasterMix 12.5 uL, ddH,O
10.5 pL, F##51#(10 umol/L) 0.5 uL, F
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Table 2 Primers of resistance genes

TS 25 B A 5144 5 B2 9 B SR

Resistance gene Primers name  Primers sequence (5'—3’) Size (bp) References

sull sull-F CGGACGCGAGGCCTGTATC 591 [9]
sull-R GGGTGCGGACGTAGTCAGC

sul2 sul2-F GCGCAGGCGCGTAAGCTGAT 514 [12]
sul2-R CGAAGCGCAGCCGCAATTC

sul3 sul3-F GGGAGCCGCTTCCAGTAAT 500 [10]
sul3-R TCCGTGACACTGCAATCATTA

blaPSE1 blaPSE1-F GCAAGTAGGGCAGGCAATCA 422 [11]
blaPSE1-R GAGCTAGATAGATGCTCACAA

blaTEM blaTEM-F ATCAGTTGGGTGCACGAGTG 608 [11]
blaTEM-R ACGCTCACCGGCTCCAGA

tetA tetAF GCTGTCGGATCGTTTCGG 658 [11]
tetAR CATTCCGAGCATGAGTGCC

tetB tetB F CTGTCGCGGCATCGGTCAT 615 [11]
tetB R CAGGTAAAGCGATCCCACC

aadAl aadAl-F CTCCGCAGTGGATGGCGG 631 [11]
aadAl-R GATCTGCGCGCGAGGCCA

aadA2 aadA2-F CATTGAGCGCCATCTGGAAT 500 [11]
aadA2-R ACATTTCGCTCATCGCCGGC

aadB aadB-F CTAGCTGCGGCAGATGAGC 300 [12]
aadB-R CTCAGCCGCCTCTGGGCA

W5 147(10 pmol/L) 0.5 pL, DNA #i#z 1 pL., PCR
LW 2&44: 95 °C 5 min; 94 °C 45's, 57 °C 45 s,
72 °C 1 min, #4730 ME¥F; 72 °C 5 min; 4 °C
PR-17. PCR=H14: 1.5%B R HHEE A F UkAGI . ¢ 2
HTE 5199 PCR S/ {A 2 R0 1o 2% (AR o
1.9 BURMiRE
1.9.1 XM EMEBHIFMEXE

W 2l Ak 1) o B8 TR R BB SR R A R AR 3
37 °C fHIEEFE 8-12 h, FAAMEEREET I E A AR
WOHTE, JHE TN BT R R 2 5x10° CFU/mL;
F2 0.2 mL/ H A BE AL S 7 H R sk &
X510 H, ZEC 10 HE SRR E SR R VEXT
B A e RS g AT B B s il 3, ARk, 2k
1 5 h, JFEMAFRINBTAEZRR B ECRHREHRIE,
MEL10d, JosERImMIET AR, XA ik T
B, HUH R BT AR A B R AE R
H, By 2Rk B2 HgbAT30As, g N e

SR EAE DL, BUHZHZ G T b o 2 S 5
1.9.2 MEEMBHEERE

X} 210 HAFEr 1 24 XS, AR . 4388
MR, FHRE IR A7 9E 2 Ge bt e iE 47 1l 3551
Mg, PRiEas A R BT A RS 20 HAE Rk
YR8, A3 R IR g KX RRAL, ARLH4% 10 Kkt 180w
PR, kA 1.9.1,
1.9.3 X RE/DNRBIBUR IR RIRIEY) A W ER

20 HAKHAE 38.0-41.0 g Z[0] A RLAE /N B
BEAIL 53 R i 4 RS BEZH 4% 10 HE T80 S5,
JrikF 1.9, FURES AN IE RS, N
ToEHIfmEs, BUAE A2 = m B Ao
1.10 FhHEFEEN

22 CHER[13]RE 51 7 51 (% 3), FIH
PCR Jrikteiill 4y B8 iR bk #E J1 2L . PCR N {4
% 2xTag PCR MasterMix 12 uL, ddH,O 10 pL,
IS 197(10 pmol/L) 1 pL, TiHF54#7(10 umol/L)
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Table 3 Primers used for typing virulence genes of Salmonella

FER 44 7% Gene name 5| ¥1)¥31 Primers sequence (5'—3') B i1 7 BeR/) Size (bp)

spvB CTATCAGCCCCGCACGGAGAGCAGTTTTTA 717
GGAGGAGGCGGTGGCGGTGGCATCATA

SpiA CCAGGGGTCGTTAGTGTATTGCGTGAGATG 550
CGCGTAACAAAGAACCCGTAGTGATGGATT

pagC CGCCTTTTCCGTGGGGTATGC 454

GAAGCCGTTTATTTTTGTAGAGGAGATGTT
cdtB ACAACTGTCGCATCTCGCCCCGTCATT 268
CAATTTGCGTGGGTTCTGTAGGTGCGAGT

msgA GCCAGGCGCACGCGAAATCATCC 189
GCGACCAGCCACATATCAGCCTCTTCAAAC

invA CTGGCGGTGGGTTTTGTTGTCTTCTCTATT 1070
AGTTTCTCCCCCTCTTCATGCGTTACCC

sipB GGACGCCGCCCGGGAAAAACTCTC 875
ACACTCCCGTCGCCGCCTTCACAA

prgH GCCCGAGCAGCCTGAGAAGTTAGAAA 756
TGAAATGAGCGCCCCTTGAGCCAGTC

spaN AAAAGCCGTGGAATCCGTTAGTGAAGT 504
CAGCGCTGGGGATTACCGTTTTG

OrgA TTTTTGGCAATGCATCAGGGAACA 255
GGCGAAAGCGGGGACGGTATT

tolC TACCCAGGCGCAAAAAGAGGCTATC 161
CCGCGTTATCCAGGTTGTTGC

iroN ACTGGCACGGCTCGCTGTCGCTCTAT 1205

CGCTTTACCGCCGTTCTGCCACTGC
sitC CAGTATATGCTCAACGCGATGTGGGTCTCC 768
CGGGGCGAAAATAAAGGCTGTGATGAAC

IpfC GCCCCGCCTGAAGCCTGTGTTGC

641

AGGTCGCCGCTGTTTGAGGTTGGATA

sifA TTTGCCGAACGCGCCCCCACACG

449

GTTGCCTTTTCTTGCGCTTTCCACCCATCT
sopB CGGACCGGCCAGCAACAAAACAAGAAGAAG 220
TAGTGATGCCCGTTATGCGTGAGTGTATT

pefA GCGCCGCTCAGCCGAACCAG

157

GCAGCAGAAGCCCAGGAAACAGTG

1 uL, DNA #ifz 1 uL., PCR W &fF: 95 °C
5min; 94°C30s, 66.5°C30s, 72°C1min, #
17 30 MEFR; 72 °C 10 min; 4 °C{#£4%. PCR ™ 4¥)
2t 1.5%B IR HHEE I o ViR o 5140 R PR AR 36 4E

WA R A
2 HREH

2.1 RIBEBIERER R EFR
KRGRIRZERE, AR, XEEH, #E
PARL, T, HEsm P @ Ms O, kﬁX‘%Fﬁ%F
Ak o P SE X ARG HT L ARk D S Jf A, A S0 AR P
R, FFMELE 2 Gl e 4 "‘iﬁﬁze%ﬁéi’é
R IF A M B, (R R H

o A SCRIRSEAE RSB SR S0k . BRSOk
WHEAL, WhiEpREAR T, Eﬂ“‘?f“thml TINUES
a5, L Ak SRAE. SRR AEXS AT B PR IR
AR EAR: o
22 WMENBIEARBRER

A A9 (BE) RS 1) JHF A9 6k 4 381 — PR 2
, 12/\#%fjﬁﬁ%?%fﬁlﬂailz$ﬁtﬁikEﬁ?(@
1A) % 24 W IGFEEIRIRDE . SREDEH . o,
SEH L AT IRV EARRYL. SS BIRF
1‘))&%%35” FIR(E 1B FIE 1C), 1E =Kk
VAR 7R . AR, A A HS (Bl 1D). HkEL
LI TS S L IR )5, BB T AR
PR G ERe e, AT DL PR 2 A FR S M A 1A
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iy 2 > © JF. BRA 1450 bp JF AL A 3R 19 )T 5 7

. ‘' & NCBI-BLAST R 7 xS, 5 EHE kL Salmonella

enteritidis strain FC1856-1 #H{Ll¥:k 100%. K H

MEGA 6.0 ¥ K5 T GenBank 970 TS EH

MR PEAT Z2 T A X, R i K AMAR I

— Y (Maximum Composite Likelihood) ¥4 & & 4t i fk

: B, N R RS RE R (K 2) AT A, R B

SSYNO0O1 /) 16S rRNA JE[H 5 Salmonella enteritidis

strain FC1856-1 F1 Salmonella enteritidis strain LBMM

891 AMTERGER BWINIE—33L, KGR N

I, Rh—E. B, etk SSYNOOL %EE Fliz 4
b1 T (GenBank %5#5 - MT500568).

Bl SBREAREEEFRE LNEEES
Figure 1 Colony morphology of isolated bacteria in
different agar plates

T A WEBUSTH B: EREIBIETAR; C: SSBETAR; R4 NEEMRHELEEER

D. =WHBE M Table 4 Biochemical identification of isolated bacteria
Note: A: The ordinary agar; B: MacConkey agar; C: SS agar; D: I H AP
Triple sugar iron agar Items Results
T HaS -
i EE UE =4t
23 HEHHRMERSTEER AT Il _

VO] IR A R R A AR S g A A N 4 R JRZ Urea _
N, BOEMETIWIIRFEEGE 4); MIEEEE SU4k4H Potassium cyanide -

SRR, WSTEHRRT D BEOMAAIITIRE,  PULBIIN Lysine decarboxylase ¢
SRR O HUR 104). 8(+). 12(+): W i e M :
gm(+). [1,71(+). ST ERPRAT4 N SSYNOOL k. BAEFLFF ONPG _
2.4 16SrRNA EELFHER Vs 4 BIRE: — BRAE

A E TR SSYNOOL 1 16S rRNA FL R 7 $F42 Note: +: Positive; —: Negative

. | Salmonella enteritidis strain FC1856-1 (KY776577)
00} Salmonella enteritidis strain LBMM 891 (NZ_SGBL01000052)

94 SSYNO0O1 (MT500568)

Salmonella enteritidis strain SE15-1 (ALGRO01000020)

68 100 Salmonelila enteritidis strain CFSAN024728 (NZ_LILU01000032)
|Sa/maneﬁa typhimurium OLF-FSRI1-STC (NZ PYUS01000044)

Salmonella gallinarum strain GDX58 (QYTX01000022)

almonella typhimurium strain STy014 (NNAV01000098)
4“)0‘:?‘ Salmonella pullorum 11iC (M84978)
100l Salmonella pullorum fliC (M84977)
77 Salmonella pullorum strain SGSC2266 (AY649696)

Salmonella pullorum C79-13 (F1495659)
57 Salmonelia pultorum strain 1794 (EU348368)
54 Satmonella gallingrum strain FTA303 (QZNDO1000030)

—_
0.2

Bl 2 S EEF SSYN00L T 16S rRNA EFH F5I 8 R Gk ki

Figure 2 The phylogenetic tree of the isolated SSYNO0O01 strain based on 16S rRNA gene sequence

T WS NET: B GenBank J7415; 43X AMT: Bootstrap SZ#%; #iR: 0.2 255 KB

Note: Numbers in brackets: GenBank accession numbers of the strain; Numbers in branch points: Percentages supported by bootstrap; Bar:
0.2 nucleotide divergence
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Xt 12 MYTE Y ORI R R, B
W4 Vb I IC MR SSYNOOL X5 EZE . B Hik
B, SROFERMIURR 4 P2y iy, SR sipy
ML ECRTIAR ., RKREER . 2 A0 E R AL g
& 8 Pt 2 Y HUR (3R 5).
2.6 THZHERERENLER

S48 U1 TG (SSYNOOL) HEAT 10 Frifit 24 5L
PCR &, LABT#EIE R K754 7 ATCC 25922
BAEXT R, AT tetA giAG L4y 9 B 245 5k
DRI A 5 AN %) H 14 R B R /N33 5 70—
B, BRI PCRYHE 7=y (1) o Yk 257 45
LK 3. MFFASRER, PR tetA it 25 5L 5751
Y GenBank H 27 S AHIYE ik 99.76%L I
2.7 BURMIRIGZER
271 FHEBEURMHEIRIELE R

FIERE SSYNOOL #:Fh 7 H S EAENS S, IR
FIIREUUAS . BEEMEL . RERWL, $0
XS B IR RE R BETR IR PR ) 3-6 d,
WA XS B A IE R . 10 d NSZIRAIET-HN
40% (4/10), X REZH RS . ST A H e H AR
fb: i, AR S A @S, MK, 2

#5 BRIITKE SSYNOOL ZHEiR IG5 R

bp

2000
1 000
750
500
250
100

3 tetA E[E PCR B k[E

Figure 3 PCR electrophoresis image of tetA gene

i: M: DL2000 DNA Marker; 1: SSYNOOL; 2: FHMEXTHE; 3:
ZE X IR

Note: M: DL2000 DNA Marker; 1: SSYNOO1; 2: Negative control;
3: Blank control

T sk, A K EAIRIELE B i B
IS FE XS T2 2 2 [ S B e P i o a0 X A M
FEE R X 4R U T ER, 6 FU i 28 i 3 4 )
R S P 5 AET XA — 2, (H AR B o gy A
T Ao X A A RSB Rl iR X B A
ToAE, AR BRI
272 MNrEEBERMHREER

RIS 210 H = EXG R0 SSYNOOL Hbk
J&, RICHMEN, 4iE. RERE . ILPFRIHAETS |
FEERSTER A . SETOR I SE A 3-7 d, FETSR

Table 5 Drug sensitive test results of Salmonella enteritis SSYNOQO1 strain

i Z b2 Types of antibiotics A% Antibiotics HITE BB B 42 Diameter of inhibition zone (mm)  F5Z45 4 Result
B-INEZZE B-lactams HH X GPEN 24 R
KAIEK LEX 36 S
ZNPEAR AMP 28 S
5P Ak AMO 33 S
SRS Aminoglycosides PRR#E GEN 30 S
Pk A2 AMI 26 S
R KAM 32 S
R STR 19 S
ZAi%Ai 7% TOB 32 S
PUER £ Tetracyclines PUFRZE TET R
5 )83 DOX R
R

T2 Sulfonamides FIHED] SXT 0

(33 S: ﬁﬁ@, l: ':F'ﬁf(, R: ﬁﬁﬂ‘é”i

Note: S: Sensitivity; I: Intermediary; R: Resistance

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



PERLE: AMESIIARIDT IR I 7 B 558 AR5t 89

1 80% (8/10); iRIGALT- MY 2 HALF LIRS
FETE XS TR AR 5 SR AR A —3K, MURSE
XS LUr B EIAM B . XTI IE %, JEH B IR
SR, FIRTORAE, R BT .
2.7.3 XTRE/DNRBIBUR MR R FIEY K UER
RN RN B T S R B AL . RS 2S
BE . A7BhiR5E, A KN B ESERER . SET AT
F4EFRE 2-4 d, 4 d KBLIET-HK K 100%
(10/10) B ZH FIAf i T DL PRI 4 c A A R A
Ko BU/NEUFAEeREL Y] - 0igs, Wik 4 fow,
ZHLN] DL Z2 A BFAR I/ INEEPESRRE Ao BT
MURZ WS i (R ET k), T IRSEAE A DR
PEAIIRIE (A i k), PN RIS Z, I
A DL SR I (B (i 3k) s AU szl Il
B/INERAE, bR AN A% A R e s e, 4
B AR CRETK), B E/NE AT ILRERR
AP G EEk), B/NEREANMAE IR L (L0 A ET k).
XF R /N BRI T B A R A B 1 R, T DA B B TR
ILA . AEACFRE RGBS 2 — S R U T TR

P o BT REZH /N ROULEE I PN IE e i
bp M1 2 3 4 5

2000
1 000

500
250
100

B4 NERFIBELLFIERLER(20%)

Figure 4 Results of histopathological observation in mice
(20%)

e A R4S B: IERWIFAL; C: WA FA4,; D:
IEHFHH

Note: A: Diseased liver tissue; B: Normal liver control; C:
Diseased kidney tissue; D: Normal kidney control

2.8 FHERWMLER

VoI TR B U E G, SSYNOOL £k 15 Fh
/1 (spvB.. spiA. pagC. msgA. invA. sipB.
prgH. spaN. tolC. iroN. sitC. IpfC. sifA. sopB
F1 orgA)KG I 52 BHPESS 5, 1T pefA il cdtB X 2 PN
JIHERBAY G B, RUZEERASH
X 2 e 1 EE (B 5),

6 7 8 9 10 1112 13 14 1516 17 18

bp M 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34
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Figure 5 Identification results for virulence gene of Salmonella enteritidis SSYNOO1 strain

#: M: DL2000 DNA Marker; 1: spvB 3%[Kl; 3. spiA 3E[H; 5. pagC [K; 7. cdtB 3£[K; 9. msgA JE[K; 11. invA JE[K; 13. sipB 3%
(A5 15: prgH ZE[K]; 17: spaN ZEX; 19: orgA Z:[H; 21: tolC ZEK; 23: iroN ZE[K]; 25: sitC FH; 27. IpfC ZE[; 29: sifA 2K,
31: sopB JL[H; 33: pefA K:[H; 2. 4. 6. 8. 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30. 32. 34: £35Sy FEDRAH (I RFPEXT HE
Note: M: DL2000 DNA Marker; 1: spvB gene; 3: spiA gene; 5: pagC gene; 7: cdtB gene; 9: msgA gene; 11: invA gene; 13: sipB gene; 15:
prgH gene; 17: spaN gene; 19: orgA gene; 21: tolC gene; 23: iroN gene; 25: sitC gene; 27: IpfC gene; 29: sifA gene; 31: sopB gene; 33: pefA
gene; 2,4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34: Negative control of the corresponding gene
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3 WHESR

S ah L A VDT TR R 2 RS R
U ITIRE A AR FEV TR, b R IC
S EUAT 3 B AT RO 3 RO e 5 AR
Jon D1 R TR LT BRI A 2 B e NRUD T R
I EERN, RS ARG A A
X, AAERGEIY AR BT K E AT AR v
MR, HE2{5 g AMEERE AL R
P FER RN g R TR MR TE 4
A 3L T AR B o T Y Tl e

ABIEGE I 2= B A R 37 7 7 4 5 FE X A I A
P ER IR TTICVE, ZHERTEY
R TTIRE R AGE R . R R PTG
EAEER . ZITHEY SRR AR 4 Ff
Wiy, Je— R EM PR RIS X
EE WA JE 103738 5070 #5148 RV T R A T 250K
DUBIFTE , G RIS B AR & P MO Sk A =
A BRI ZG1E , X PUERZE P AR 2P R
SEXHL TR IR o B R T3 BRI R VPTG
AT ORI AT, SER R, % B R A
TRV R S R SR 2 M AR, T X Sk
WL SRS R T 2 e s Y 4%
Xt AR T R R R SR S 03 S B N — R R VT
IR AT 25700, S5 REBWIZ T B RXT S H R
GIEAR S LS ) O N B e |
[ M3 B i R VD T TR TR vk, LI 254 0 4% A7
265, WIRES MM IR IR TT 50
Ko LRGN EE R EY], AR UD 1T 7
PRIEAT tetA T2, SEAG 7 AR VDI QAT 2 2578
515 245 2 B A 45 SR AT AE 22 5 A8 B3 A R
Yo BR T UM RBATE KRB, ek 2y oA I
SRR WIS & B R AR IR 25, (H2R
ARSI AR L A i 25 BRI, AT R 35 A 1 2 R DK
ZAMARY I BIAR L MR 25 L ], B R bk Al fiE
IBAFAE HAW RIS 24 5 DX 5 25 BL 7

N T BB R R BT TR AR SSYN0OL

AU TE, N LG ERAERS | 7 EX A AR /N LY
GEUL R, AEXSIETHRON 40% (4/10), fEIEXSAEK
KREZM, WIESEWREE; & EEL, st
T35 80% (8/10); /NRFET-#ik 100% (10/10).
FRFHE T 3 B SRR AE P EE G R R R R SE T
Hiik 1.5%, i E K& TRIR,

VD 1T EG TR s 1) S50 2 R AR e iy P AR
BT — RS PEE R 2R, X2 R 3 AT 4y
a8 EWRAHED AR, JEE B iAE R s
P, LGN Z R T R P ARBESE B R
17 NERMEEE TR IRGA R K (spvB
spiA. pagC. cdtB., msgA. invA, sipB. prgH. spaN.
orgA. tolC. iroN, sitC. IpfC. sifA. sopB 7/l pefA).
TE 17 AR B R A 15 AR R
(spvB. spiA. pagC. msgA. invA. sipB. prgH. spaN.
orgA. tolC. iroN. sitC. IpfC. sifA F1 sopB)#k 4% il
), i cotB Fl pefA X 2 AL RAGIF] ., invAlRd
orgA®! prgH toIC" | sopBP®! | IpfCIF1 pefal®]
1efE ERBIA AR P RAEEN; cdtB 7T 518 &
DNA (4545, f4miaser-P; pagC. msgA. spiA.
spaN Fl sipB HE i AE YITETE F B R4 A b A A7
THIIE, H spaN Fl sipB AJ & A IE B WA ALY
PERIR; sitC il iroN 2ZRE5HIATE R 3 Bl it
SIfA JE[H B EA 735 spvB 2 1 S RIAEIR SRR
Wk 201 e 4D 200 e e A R g o R v 4 i 4 L PN Y
Y HAFE WA TT 1), spvB 1] LAGwfs—Fp — B AR
(Adenosine Diphosphate, ADPYZWi{k, S8R YL
AL WLBhE AR R 2R B SR 5 A, spvB AR
T B RR A IE M XV T IR A AE /N BRI 5 ) 2
KHEL; spvB AT R 24475 & 2 it P o 5 4 i )
T2, JF HEl AR w0 P T LA DT T IR T AE
YHRRIE] AL, XTI IR IR i A L] 22 DG B
B AR B RIS DT TR SSYNOOL ks
W] cdtB F1 pefA ix 2 NEE, ATRESS SN 1% TR Pk
PO AR E DL 8 EAMEBstnEe )y, HHE
X RIAREE T B2 A R — Y . A5G s TN
PSRRI, IR VDT TIRE M SSYNOOL 7 J) 40k
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