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Probiotic characteristics and whole genome analysis of
Bacillus siamensis CML548 from chicken

XIAO Yuxuan®, ZHAO Shuran”, WEN Qiu, XU Chang, FENG Yugqing, HU Yongfei

College of Animal Science and Technology, China Agricultural University, Beijing 100193, China

Abstract: [Background] Bacillus is attractive for use as probiotic supplement in animal feed.
With potent antimicrobial activity, Bacillus siamensis has drawn wide attention. [Objective]
Whole-genome sequencing and bioinformatics analysis were applied to explore the probiotic
characteristics of the chicken-derived B. siamensis CML548 and clarify the antibacterial and
potential probiotic mechanisms of this strain. [Methods] The antimicrobial activity, enzyme
production, and tolerance to acid and bile salt were tested with the Oxford cup and spread plate
method, respectively. The whole genome was sequenced by Illumina HiSeq 2500, followed by
functional annotation and bioinformatic analysis of the genome. [Results] /n vitro experiment
suggested that this strain had probiotic features: inhibiting the growth of pathogenic Escherichia
coli, Salmonella Typhimurium, and Clostridium perfringens, highly tolerating acid and bile salt,
and producing protease, amylase, and cellulase. The genome of CML548 was 4 061 741 bp,
with 3 961 coding genes and GC content of 46.07%. A total of 1 693, 2 704, 3 413, 186, 67, 1,
and 5 genes were respectively annotated to GO, KEGG, COG, CAZy, DBAASP, CARD, and
VFDB. antiSMASH predicted multiple gene clusters involved in the synthesis of secondary
metabolites. In addition, CML548 contained an antibacterial protein-encoding gene tasA4. The
genome information was submitted to NCBI and the GenBank accession number is
PRINAS836999. [Conclusion] CML548 is a candidate probiotic, which has the potential to be
used as a feed additive.

Keywords: Bacillus siamensis; probjotic characteristics; genome; antimicrobial activity
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JE ARG 200 89.10%, KUIHAAK mIIEE:
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FERSNGF RIGFF R . RGGEDTTRE ., 7K
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2.3 BIRIE T IFEITE CML548 EF AR
— AR 4FAE

EAYEFREIE R ) SRR b, S — 20X
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Table 1 In vitro antibacterial test results of
Bacillus siamensis strain CML548 isolated from
chicken

Item Inhibition zone (mm)
E.coli S. Typhimurium C. perfringens
B. siamensis ++ ++ ++
CML548
LB (control) - - -
AMP (control) +++ +++ +++

LB: LB WA FR3E; AMP: &% ; +. MEEERK<
10 mm; ++: 15 mm>#IEE HA>10 mm; +++: I E
HAZ>15mm; —: JLIEEE

LB: LB broth; AMP: Ampicillin; +: <10 mm of inhibition; ++:
Between 10 and 15 mm of inhibition; +++: 15 mm of

inhibition and above; —: No inhibition.

1 GFET FHEME CML548 RIMIFELER A KIBHHE. B: MOIZEWTIRE. C: TR

. b: ZSEAXTE; CML: CML548 #I B AR
Figure 1

In vitro antibacterial test results of Bacillus siamensis strain CML548 isolated from chicken. A:

Escherichia coli. B: Salmonella Typhimurium. C: Clostridium perfringens. b: Blank control; CML: The

antibacterial effect of CML548.
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#*2 BRETFEITE CMLS48 FEEE NER
Table 2 Capacity of producing enzyme of Bacillus
siamensis strain CML548 isolated from chicken

Type Diameter of hydrolyzing zone (mm)
Protease 14.4+0.42

Cellulase 12.0+0.1

Amylase 19.4+0.2

LB broth -

—. JoK

—: No hydrolyzing zone.

X R il U P 4 SR AT R TR, 15 E)
CML548 1) 4> 5 K 20 B35 (] 5). CML548 [tk
(4L H A 744K R 4 061 741 bp, GC i
N 46.07%, FH G EER A ECN 3 961 4,

A rRNA FE[A 4 41~23S rRNA FEA 14~ 16S
rRNA FE[H 14, 5S rRNA JE[H 2 1), tRNA
82 4, tmRNA FE[H 114,
2.4 Ek CML548 ARG A B O

MR A L R 2 259 2 53 25 1% GTDB X itk A 7
5325, WKk CML548 1)@ FIERE S| | (Firmicutes)
1B AT (B, siamensis), N HSE R

X AW EAR I EELC R, Xk A NCBI
() 7 PRIE D ZE AT B FIER A& CML548 #4# 5L+
¥l SNP R G A EW (& 6). 5 CML548
oK FR B 3T Y TR AR 0 B H IR DRI RY B
siamensis SCSIO 057461

E2 WEEDFMITE CML48 FFEEER  A: &, B:

CML: CML548 rF=Jififig

SYERME. C: VM. b: AN

Figure 2 Capacity of producing enzyme of Bacillus siamensis strain CML548 isolated from chicken. A:
Protease. B: Cellulase. C: Amylase. b: Blank control; CML: The enzyme production capacity of CML548.
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~ 94.06

E

z

2 sof
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3.0 5.0
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3 XGFRETFHEATE CML548 MEL 1 SLIS
%R

Figure 3 Acid tolerance test results of Bacillus
siamensis strain CML548 isolated from chicken.

150 -

S 100 - 2.2 89.10

&

g

g

>

5 50t

wn

0 1
0.3 0.5
Bile salt (%)

4 FEEETZFMEFE CMLS48 fifAEELSCIE
%R

Figure 4 Bile salt tolerance test results of Bacillus
siamensis strain CML548 isolated from chicken.
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B K
BcC
E
B Uclassified CDS

Bmo
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WG mr

T Q
W F mN

5 WBREFFMETE CML548 MEEREARIE NS RIERA P E~APR . GC &
. GC skew fl. H:[NZH . RNA(+). RNA(-). CDS(+). CDS(-). #HN4 GC & & DIH O aikk
J/1 000) bp, K (LA K /1 000) bp KGi T GC & 1] P A 4r /R 1Z KB GC f =R T 43 A
Y GC Fit, AN G2, T HIEEBGR FR R 5 GC &R 2 HBUR RSN . GC
skew fEL: % H (G EMKE/N 000) bp, B KO/ 000) bp, HEMAF LN (G-C)(GHC); FINH
KR 3 RRIZ IR G & BRALT C & &, 1AM SR @5 2. AR B R CDS Bl R AN [
] COG 24

Figure 5 Whole genome map of Bacillus siamensis strain CML548 isolated from chicken. From the inside
to the outside, the circles are position marker, GC content, GC skew value, genome, RNA(+), RNA(-),
CDS(+), CDS(—). Genome GC content is calculated by window (chromosome length/1 000) bp and step size
(chromosome length/1 000) bp; The inward part indicates that the GC content of the region is lower than the
average GC content of the whole genome, while the outward part is the opposite, and the higher the peak
value, the greater the difference from the average GC content. GC skew value: Window (chromosome
length/1 000) bp, step-size (chromosome length/1 000) bp, the specific algorithm is (G—C)/(G+C); The
inward pink part indicates that the content of G is lower than that of C in this region, and the outward green
part is the opposite. Different color of CDSs represent different COG categories.
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Tree scale: 1 . J

100 Bacillus siamensis SCS10 05746 (CP025001.1)

Bacillus siamensis B28 (CP066219.1)
Bacillus siamensis 1JC33M (JTIG00000000.1)

Bacillus siamensis XY 18 (LAGT00000000.1)

Bacillus siamensis 7551 (NPCI100000000.1)

6 JBFRETZFMAITE CML48 ET#iL SNP EFEFIUMENRGELAEN

Bacillus siamensis SRCM 100169 (LY UE00000000.1)

Bacillus siamensis KCTC 13613 (AJVF00000000.1)

Bacillus siamensis CML548 (JAMQCL000000000.1)

5 N5 RARAE

GenBank FHIFH 55 7032 ERCTFORIAL A SRR OB RO AR KSR B, AU 2
Figure 6 Phylogenetic tree of Bacillus siamensis strain CML548 isolated from chicken based on core SNP

gene sequences. In brackets is the sequence number of each strain in GenBank; The number on the branch
indicates bootstrap; The scale bar represents the horizontal branch lengths and the number of substitutions

per nucleotide position.

2.5 HEEEHEEERFEER

PR CML548 JENA 4351145 1 693, 2704,
3413, 186, 67, 1, 5PMHEHH GO, KEGG,
COG. CAZy., DBAASP. CARD. VFDB %k#i
PEvERE; @it antiSMASH FE| 16 45K
R F= Y16 AR % s Beah, FEH Xt
O3 AT R UK MR I R A P 5 tasA R
251 GO HEBEIRER

1E GO ThEesr i, 41A 1 464, 1 440
1 112 A3 DR R B AR W 1) 72 (biological
process) . 77 ¥ I HE(molecular function)Fl4H fif
2l 43 (cellular component) . H: /1, 1 FJE il
(GO: 0030435, 174 MHME) . KL AEWR
(GO : 0005975, 128 A~3EA) . BERIL/EH
(GO: 0016310, 102 NIEEF)EAY LS W
KW EEIRE . £ TR L, REZEMWE
PG TEA ATP 454 (GO: 00055245 266 5
K. AL RGP (GO: 0016491, 187 4>
SR FE RS TS M A B O W 3 A1 (GO .
0016772, 140 M3ERH), SELEE T4 6
(GO: 0046914, 103 A~FE[H) . 24k g6 4
(GO: 0016829, 102 A~3E[H), P47 (GO:
0016021, 319 /5 A2 241 Mo 28 43 Hh iy 3 2220
REFLIC(E 7). AN, 7E CML548 5 [H 41 ik

FERAEZNSH5mRG4 NER) ., HEEG N
BRI« H (12 A~ 25 DR &5 iy Bt 52 AH DG 2R 1A
2.5.2 KEGG HIEEIRER

# Pk CML548 7& KEGG %u#i g It fy
2 704 DEEE S RIFEA MR . R AR B AL
PR (S B AL N IS R ET B A
KINFER 21 ZiB# B RFERE 8), Hi
ZHHBERPWEEEZ, & Em
92.79% (2 509 ), 12 £ACHHE iRk &
YA A2 R A 5 R, A o A
T LA (2 509 MY 12.28%F1 10.88%
253 COG #IBEIBRER

W5 TRk CMILS548 F R 21 Hh (1) 25 1 S A 2k (R
PEAT COG iR, AT 3 413 M E AR FEERE
(& 9). Hr, KAINEEH K (S: function
unknown)) 5t , A 867 15(25.40%)-
WAL, A R B B 2 W T RE 3 SR
306 1~(8.97%)%E K 2 5% 5% (K: transcription),
265 A (7.76%) 5 N 5 20 5 R e ia 5 QU (B
amino acid transport and metabolism)AH ¢,
233 M (6.83%) %k A = 5 g i A= 7 I 4 (C:
energy production and conversion) . 227 4>
(6.65%) 5 K ¥ Je i 7K Ak & ) 1z g FAC I (G:

carbohydrate transport and metabolism).
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GO
Purine ribonucleoside monophosphate biosynthetic process [o —lg_Q value
Aerobic respiration 0
tRNA aminoacylation for protein translation e
Purine ribonucleotide biosynthetic process
ATP metabolic process 2
Cell division
Cellular amino acid catabolic process | © _—
Cell cycle
Sulfur compound biosynthetic process
Negative regulation of cellular macromolecule biosynthetic process | 6
Negative regulation of nitrogen compound metabolic process |
Inorganic cation transmembrane transport ¢ 771
Monocarboxylic acid biosynthetic process :
Lipid biosynthetic process Count
Organic hydroxy compound metabolic process
. e 2]
Regulation of developmental process |
Macromolecule catabolic process | o ® 37
Aromatic compound catabolic process | ® 153
Cell wall macromolecule biosynthetic process
ncRNA processing ® 219
Peptidoglycan-based cell wall biogenesis ® 285
Fatty acid metabolic process ° ® 3o
Alpha-amino acid biosynthetic process
Organelle organization
Cell wall organization Type
Sporulation resulting in formation of a cellular spore Biological process

Response to chemical

Regulation of biological quality °
Carbohydrate metabolic process | Cellular fuction
Phosphorylation |

Structural constituent of ribosome
rRNA binding

Catalytic activity, acting on a tRNA
Identical protein binding |

ATP hydrolysis activity e

Ligase activity |

Magnesium ion binding
Transition metal ion binding
Isomerase activity

Lyase activity

ATP binding o

Transferase activity, transferring phosphorus-containing groups
Oxidoreductase activity

Cytosolic large ribosomal subunit
Small ribosomal subunit |
Membrane raft

Catalytic complex

Extracellular region

Integral component of membrane

Molecula fuction

1 1 1 1 1 1 1 1
O X & O O X b &N
Q'Q Q'Q Q'Q Q'Q Q"\ Q"\ Q"\ Q"\ Q'\ Q‘}
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7 BIRED FEIFE CML548 EFEHA GO Ihae %
Figure 7 GO functional classification of Bacillus siamensis strain CML548 isolated from chicken genome.
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KEGG pathway annotation
Drug resistance: antimicrobial [ 22
Cell motility 5
Cellular community - prokaryotes § 17
Signal transduction [ 52
Membrane transport |7
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Figure 8 KEGG metabolic pathway classification of Bacillus siamensis strain CML548 isolated from
chicken genome.
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Figure 9 COG functional classification of Bacillus siamensis strain CML548 isolated from chicken
genome.
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254 WRIKLEYIEEES(CAZY) 51T

CAZy $¥ 1 2 f /K Ak & P AH 5 1 2l
BARE . dat CAZy BRI B K CML548
H kR IEAE 186 AN RES i ik K b & P
(£ 3), HHABT RN RN R £(43.01%),
W 7K T IR 2 (40.86%) o AE M T /K M il
AERMGHEDN (GHS ZKIR)ILA 2 4>, TEH R
RI(GH13 W) 13 1~ 1A, £ 38
B2 oKL S W2 A e, Hed 28 MR
| CBMS50 Xk, WS B KRR BE AL T
T K
2.5.5 IERKGRADE FE TN R

PN 15T 910 R S Bk o o 2 R 5
H/NF 100 B FTS), AR IR
(DBAASP) 531 3 [H 41 A () Bt 1 Ik 2 5 L T
EFM ] 67 BT AHSC A IE N, Hofr 37 4

*x3 XGRETFEITE CML548 By CAZy ¥iiE
FEERRER

Table 3 CAZy database annotation results of
Bacillus siamensis strain CML548 isolated from
chicken

Functional classification Number of genes

Wi /K fi# B Glycoside hydrolases (GHs) 76
BESLFEFSEE Glycosyl transferases (GTs) 80
L BHZ4f I Polysaccharide lyases (PLs) 3
BHZSHEf# A Carbohydrate esterases (CEs) 20
F AL Auxiliary activities (AAs) 6

KA G 25 G SRR 38
Carbohydrate-binding module (CBM)

e[ I E (predictive value)>85% , X
E.coli, S. Typhimurium 1 C. perfringens H.
AV TE B IS Ak B T R R A A 22,
14 #1114
2.5.6 MWHERDH

i CARD %#i)%, L) identity>80%J 5%
4, KBLFHR CML548 JER 4 L&A 1 4t
IEH Cfro Cfir FJB T Cfi- 23S i A RNA F
HFL N (Cfr 23S ribosomal RNA methyltransferase)
AMR BRI K5, W5 8504 R AT AR A] ke 2
P14 & (lincosamide antibiotic) ., ¥ %5 &K RXPr:
Z (streptogramin antibiotic) . &M LE R A K
Ky KA R
(phenicol antibiotic) . M I B I S P 4= &=
(pleuromutilin antibiotic)EA7 Hi k.
257 BHERIRER

e CML548 [ bk 19 3k A ) 2 L 1R 7 41 5
VFDB $t¥a E AT HExT, DL identity>70%fF N
e S50, TERE R CML548 Hlbdk 3] 5 N h
(L 4; Hb 2 ARES 4 E F N
(adherence)#H%, 3 /N4 715 40 2 P45 (immune
modulation) . & 37X A F (nutritional/metabolic
factor) Fl N 4 A 17 (stress survival) A ¢ .
258 RERFFMERERZRS

Wit antiSMASH Wl 4 #r, 76 B
CML548 kR 4 G I 2] 16 4>15 A Rigs ™
Y16 DG SE R (3R 5) 0 X BB BE A PT RE A AL
F A = 35 DL AEAZ B {4 1442 (non-ribosomal

(oxazolidinone antibiotic) .

*4 BRETFMITE CMLS48 MEHERETFMER
Table 4 Virulence gene prediction results of Bacillus siamensis strain CML548 isolated from chicken

Sequence Gene Description VF category E-value Identity (%) Length (bp)

VFG048830 gnd4 NADP-dependent phosphogluconate Immune modulation 0 70 468
dehydrogenase

VFGO012095 groEL Chaperonin GroEL Adherence 0 73 542

VFGO050015 dhbE 2,3-dihydroxybenzoate adenylase DhbE  Nutritional/Metabolic factor 0 72 538

VFGO000079 c¢lpC  Endopeptidase Clp ATP-binding chain C  Stress survival 0 78 820

VFG046465 tuf4  Elongation factor Tu Adherence 1.78x10°% 74 394
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#=5 WEEDSFHEITE CML548 X R E R %

Table 5 Secondary metabolite gene cluster of Bacillus siamensis strain CML548 isolated from chicken

Region  Gene cluster type Length (bp) Most similar known cluster Identity (%)
1.1 Other 302 249-343 667 Bacilysin 100
2.1 transAT-PKS 20 466—108 677 Macrolactin H 100
2.2 Lanthipeptide-class-ii 272 631-301 520 - -
23 Terpene 420 223-440 963 - -
2.4 PKS-like 522 986—564 230 Butirosin A/Butirosin B 7
3.1 transAT-PKS 530 939-564 796 Difficidin 46
4.1 NRPS, betalactone, transAT-PKS 1-97 712 Fengycin 86
4.2 transAT-PKS, NRPS, T3PKS 161 379-264 019 Bacillaene 100
5.1 NRPS, transAT-PKS 23 264-100 950 Locillomycin 35
5.2 NRPS 170 537235 944 Surfactin 82
6.1 Terpene 44 082—65 965 - -
6.2 T3PKS 134 609-175 709 - -
7.1 transAT-PKS-like 1-45 748 Difficidin 53
9.1 NRPS, RiPP-like 73 637—125 430 Bacillibactin 100
13.1 transAT-PKS-like 1-22 783 Difficidin 26
15.1 NRPS 1-12 962 Fengycin 20

—: ARVCECEI AR LA C 0 [ 7%

—: No similar known gene clusters are matched.

peptide synthetase, NRPS) & i 09 F & &
(fengycin), i 7% PE 2 (surfactin) . 2 BRIS I B
2 LS EUFF B I 7T (bacillibactin)®; L PKS
1% 2 (polyketide biosynthase, PKS)& il ) K I
N EE 25L& 9 KR N BEW B H (macrolactin
H). 202G YT E M (bacillaene) . T MEH
% A/TEFF K B (butirosin A/butirosin B)
T FRAE B 2R (difficiding 55 X S AU 91 5 4T
WA S S TR RRE I, K,
bacilysin, macrolactin H, fengycin. bacillaene
surfactin il bacillibactin %) Tl A& B FE K% 5 E
0 2[R B AR DA 23 3 0 100% . 100%
86%. 100%. 82%7FH 100%.
2.5.9 TasA EERBERET

ZFIFT TR 3 A AE TasA &, HAT
TR, S 2 AT R R T
TR 4= P iU ISR VI S UY <)
CML548 JEHZH 5 A tasd FElH, {0 TR HH
FIANE 470 011 bp, ZILHiHE 470 796 bp,

FER 4K 786 bp, il 261 NEFER . HmD
B 5 R TR B2 AT I (B, subtilis) strain
168 TasA & F1AHIYE N 83.9%.

3 wtw54£#

AR, g5 A WAE N PUAE R AR 32 3
IR R, AT AR R
PUi R ERY, ETAE S p i s BB
WEZFEESE, R E R R gRi A
A ERHAEY B, A G E R,
HARIFM=AER T .

AT IR = 7 RTG53 A5
—FRZFHUFT B CML548, 2 16S rRNA JE[H %
ERNIED AT (B. siamensis), JaXF HANE
RE I A W) e PE AT OE 5, R BT T KW
FPR . ROZEVTTIRE . PR R B A
RAFAMRRCR . SRATPFREE LR, M
R4 R R B, siamensis AUC I
XFRIAFFRE . G901 R H A DU s DY
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5 [ & W iS04 2 1Y B. siamensis B28 {4
SR FE RS T ) G B ) A KAkl FHEY
OB A ZE WS B. siamensis B44v X% G FH
e TR R B R LA T R B IR TS R 2R A T
TE W) N 4% 2 A A P A B SR 3 2 X 1 R
FORRER HAT — 2 T 22 56 1P, o i iF 9% 3%
B, I AT E B AL NaClHRE N 0%—14%
pH {HIL [N 4.5-9.0 MIREE FIE® AR, &
ITBI & R AR 7R bk CML548 X R A IH L1
HA B2, I HRE8 7 A= Z F i b
fily, WEEEEE . JEH R 4ER T, XLEAY)
PP T U B TR PR — SV TE Y B AT
CINIERIOES AT 7 8

AR A e 23 B A7 B T 7 Ak i ok i B AT
(T 7E 25 A T BE SAH DG 43 F LI B A B 5 R
AR PP BN itk CML548 i T 456 K 21
My, %R ILHA R, Oliveira L7
&, ATP &T(ATP synthase), GTP fEBEIR K
i 01 TN il 152 3% ¥ (GTP pyrophosphokinase and
pyruvate kinase). CTP & i (CTP synthase). fF
fR 25 1 (chaperone protein)Z§ 7F 21 B i B2 B, i A
WP EEREEEMEN . 544w Bacillus
coagulans HS243P* 1 Bacillus velezensis ZBG17%”
FHTE], CML548 Ji [K 20 v [a) A 3 8 21 AR . 2
M gmid LR . Ah, 7E GO ThRgsrtrH 174 4~
RS R RN IE A E Y e, X s
R CML548 IR R 1R AHER RS A FI 2R
B RE I HE 4L Tk P . COGs i Reat ik
AZ T pR L R 2 R 2 SRR EE I (1 376 1,
39.06%) i 2, 73 A AR K — 3 4 3 R ) D) e
H, B ik—FWr5% . B. siamensis CML548 /3
HEXSKEBERE, SEPSAuEEAE
TGN ZME Y MER CML548
TR 2N S HEER N s AR . koK
& Wiz A R AR AR OC R JE IR, AT RES

FCAE N 18 R BT v X 3k 4678 R4 o (R it 1
H L. CAZy HOHs e T R R I R &5 A7
13 AN VER I R A 2 P 4E R B SE I, R Ak
CML548 [ e by FIET 2 2 1 R AVERHE T 407
Sefih o AN, RBMHFENASHEH 28 MHIEF
fif LT B AR SR SR B, AT BRI bR
e DA 55 Dt T 1 A0 B BE A OG0 (AR I B 2
DBAASP B¥s 4 4 A & B CML548 3 [F £ 48
R BT IRAE et FE (K (67 M). [RIAT,
Pk CML548 % TasA & H it LA tasd. TasA
A 2 AU R P AR AR — R T,
5D\ B. subtilis strain 168 /B %K5E s %
i d S PO R A i Ry 5Ny VG e P Ry 5Ny M Y S
AMBEEETS R P IR IS FE D K TasA
FEEMGFER A, Al BER E R CML548 X}
22 TP L T 5 AT 0 T M 1 AL

J34h, CML548 HAT 4l ik It B 1 5E ) L
A RE A PR Ay HE 3 TR 20 v 20 5 B B TS M A O
IR A IR IR . 228551051
ML (L6 N JEE), Hidr, 3 AN
5% 5 EIER B. velezensis FZB42"4 i
bacilysin, macrolactin H, bacillaene & [H %1
PHAIPESE 2 —3 A 2 D RN 5wk &
A% surfactin, fengycin FEHFEEA 82%. 86%
AL . AN, CML548 &4 bacillibactin
WAL, 5 B. subtilis 16892 & 3L H
R ALE R 100%, C ARG Y £
16 1% Pk &K (surfactin) . £ i 2216 & W4T 18 M
(bacillaene) . I A I 28 10 G W 3 PN T8 I fi
(macrolactin) FIXE Xk (4 2 (difficidin), DL M £ ik
FY TR 2= LA BT B EL 7T (bacillibactin) . —
JIRZSFRAR S F 1k & WO AT I ¥ R (bacilysin) . #RAR
JR G5 74 T 15 241 R 2R UE K R 8 &R (amylocyclicin)
LR s/ 1 e TR0 7 iy 2 U200 P R AR R e R R
(plantazolicin) %5 47 T 35 HLAT 0 41 B8 1 44,
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AT DL &k CMIL548 1] g3 1f 4 il F iRk
B0 AT 2 4 06F 22 i I A 1 0 B

1} 24 35 DK 43 A 45 S S R R Bk CMILS48 A5
A 23 Cfr, 2 BE A gt H LB, fEfk
23S rRNA W37 5 8 (RIS 2503 HI LAk,
M5 A R S ek AE . 23S tRNA R
U S A SR AR F AR 2,
FEERR. &5 E . BREE . AR
PRE RN, KA ER CML548 LN H b &4
R Bl 25 5 H 150 BH AL % T 245 35 (R 1% T B
VAR . HeAh, ESR VFDB Bt 1 Feal iR
INZE A S MBTEN R H P IEE, |
X 5 [N 55 0 B 7 B DR AE L AR T
80%, AIREJFAREIEMEE I . FiRG5 R UL
A Bk CMLS548 HA 5 14 4k

2 FRTR, Wk CML548 oA R 1252k
Fetk, HIERASBSARENEER . S5hiE
TP A G I R R AL DR 5 % PR AR Bk 1)
FH 5 2 TR ) 750 170 B A AR

Bt

PR S E IR E R SR = 4R
B GHOR S
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