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Abstract: Viral disease threaten human beings, animal and plant health seriously. At present, the
measures and effects for preventing and treating viral disease are limited. It is necessary to develop
non-toxic and eco-friendly antiviral agents to prevent and control viral disease. Probiotics Bacillus

species play an antiviral role by producing metabolites or components such as ribonuclease and
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extracellular polymers, and enhancing immunity, which is expected to be further developed for the

prevention and treatment of viral disease.

Keywords: Bacillus species; antivirus; mechanism

JUASTRZR RIS, o2 51 3k A A5 S o Tl o
NELE SR, B mH LT
Ko ENFENPIREER TR, B#HHER T
KHUNERIES . S5 AMEORILE, iz
RXEEVE R R A F R Hl T
TR FLA 7R S R 6 o R PR A R, L R
IS P B 977 3 0 B P 5 5 e 7 i R A B 25
JELIRL, B T P B 1 K LR AN K7 o R
HE SR A AR T e 14 T 3 A L X
TR AR R BN ARSI Al A 2 A3
W TAER T, Jos MR 0 6 A T 7E Sl
Py Ay Ok Bz B EAL, R 2 A AR

it A7 4 458 5 04 A ) AR B A2 A= TR (plant growth
promoting rhizobacteria, PGPR)* }z A F15h#)
T A TE 8 PR AL A5 7 T, I AR R oAt
I3 B VE FH ALK IR A 22 . AR SCEE R 2
FEE PO BEHLRI SR T 250 DU R 28 B A 1
TE 15 B 3 2 8% G v 1 o T 4 BB Sk i

1 JFHAT W S A i & AL

1.1 BIERKHEEISRSERRE

ZE AT B 7 A A2 B 2% BR I (ribonuclease,
RNase) S5 AR 1 58 ik 43 w1 45 P AE 00 75 3 I
1.

x1 FRAEFERIEYRSHRE=I3N S REER

Table 1 Metabolites or components of antagonistic plant viruses produced by Bacillus species and their
effects
U REY) 5T IR B BRI Hbnmse  pmdlpmsEnsr 2% 30k
Antiviral substances Strain name Sources of strain Target virus Suppressed viral References
components

T BRI Th o4 M B-6066 . B-6066 and 26D L sSRNA [5]
Ribonuclease ZEMUFTES STL-7. ZREMEAT provided by the limited M. S, Y
(RNase) BA TS2 A ELZEMIFT B 26D liability company B

Bacillus thuringiensis Bashincom; STL7 derived PVX, PVS,

B-6066, Bacillus sp. from potato leaves; TS2 PVY

STL-7, Bacillus sp. TS2, derived from Triticum

Bacillus subtilis 26D aestivum L.
R(L-ZZ A BE-L-IHZBE) (1) %/NZEMIATFE E303035  Qarhan Salt Lake in T4A%Y  P3, HC-pro, NIb, Nla, [6]
Cyclo(L-Leu-L-Pro) (1) Bacillus pumilus E303035 Qinghai, China JWEE PVY  VPg, 6KI of PVY
2-(3-M|WEIE) 2, 1 (4) 5E/NZEMUAT S E303035  Qarhan Salt Lake in LEAREY  P3, HC-pro, NIb, Nla, [6]
2-(3-Indolyl) ethanol (4) Bacillus pumilus E303035 Qinghai, China fie: PVY  VPg, 6KI of PVY
N-[2-(1H-M|WE-3-35)7, 512, F/N2EMuAF I E303035  Qarhan Salt Lake in O%Y  P3,VPg, 6KI of PVY [6]
WERE(5) Bacillus pumilus E303035 Qinghai, China JREE PVY
N-[2-(1H-indol-3-yl) ethyl]
acetamide (5)
MFEFEIR ZHE(9) /N AT E303035  Qarhan Salt Lake in G2 Y  HC-pro, P3, NIb, [6]
p-hydroxyphenethyl Bacillus pumilus E303035 Qinghai, China fie: PVY  VPg, 6KI of PVY
alcohol (9)

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



EIGHAE: ZEMUFE RN BB R B LT 7Rt 1971

RNase 7] 5 2',5"- 5% B R Rz T RR 45 & i
TRARTE BT LS, VW ) RNA (B 1),
Sorokan ZECVFSE T 4% 2 N A 2EMUAT I RNase
S M, K S T A A R AR b R A P
£ 10°-10° CFU/g W ; R H =4 R A
B-6066 14 Mk STL-7. TS2 KAk Be 2 M AT
B 26D KT IR BB I 2 55 K F 1) RNase 17
P TE SHES SRR N I 2 LR TR TR AR B-6066
26D Fll TS2 RNase I PERFZERT 804 s ZRHIFT
FRICEREL AR P 199 10 A 58 ) S =) RNase i P4 1T R AR
A M. S| Y RE TR I KRR s
S AR R R AR AE P25 AR 4y 5 TRk 26D
TS2 ) A A6 5 XA RNase 176 14 AT 4 4 FF
R YRR A P B T R A

Shen ZEFSY T M T 44 BRI ER 1) + 3%
B A3 85 I VB AR A0 /N ZE AT I E303035 BT
BEVG M, BB LB 1R L BRI B 1
B TIE TEHREY) ; 4tk 8 ka1, 5

FI 9 X} AT Y Ji 3% (potato virus Y, PVY) A BH
ARG, ECso {H50512 21099, 224.26 Fl
305.37 ug/mL; fbEWI 1, 4. 5F19 (L5 LA 2)
XFPVY AL M dI R 15 sk, 5
XTHRLARLE , AL 1. 5 F1 9 38 nT by I AR
RIEIR cullin (S — TP LSO 3 H) A XTH
(S B AT SR N e BB K A I, 122 5 A0
BE Y SE R R ) 1Y 3k, T IBE CPIP3(dihY
HwdEAsemEBAEN R CPAEE R 3)Rik,
AT iR AR B AR R S ) PVY B FH A RE ) .
1.2 BIREMHEXS TR LIFEYH
HEXERREREAFS

7% T oy 25 ML TR 1) A8 A 0 AH G 1 A X
(microbe associated molecular pattern, MAMP)fig if
FEYIHRAEG# . Vanthana 25PIF 5T & BRA# 524
AR VBT (19 2 > MAMP, RIVHEE i H (Flg)
FAE A PR~ (EF-Tu) £ 53 35 A I A8 A4 2R IR 3t

J# 7% (groundnut bud necrosis tospovirus, GBNV)

RNase L activation by
2-5A and ADP/ATP binding

2-5A

\

Pseudo-kinase

ADP/ATP

domain

Uy

Inactive

1 RNase L 89445 5%

Figure 1  Structures and activation of RNase L7
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Figure 2 Structures of compounds 1, 4, 5 and 9 derived from Bacillus pumilus E303035'°".

fR g R HEVE T s 2w Ak i ok A= AR 4 ] A
GBNV JrE UL ZRE R Ik 52 84%; HI% Flg
(Ag-Ba.Flg)fil EF-Tu (Ag-Ba.Ef-Tu)3t A (AR 5
AT EHA105 Gei L3 FmTin 1, ] FA%
GBNV MR, BIZH ODyos (HA 510 0.369 Fl
0.379, XFHRZH ODyos E M 1.249; ¥ Ag-Ba.Flg )
M AAT R AT g M B AR B b 88.25% [ 1K %]
15% 5 7 71 B 18 AH & 36 Kl MAPKK 1 .WRKY33BB .
NPRI Fl PRI Fih g, uEW T MAMP 767
A GBNV A )4 %4t . Rajamanickam 4091
FAMMEARFT B RIE T IR TEM 2F MUAT IR AT bR CRN9
MEEEEN, KW WRKY33 #5%H MK
Fi5 (salicylic acid, SA)J Pk [y 1l 3 K (VPRI |
PAL. PO Fl SARS.2)My ¥ /K485, E—4
SR W, AR UE K 2 AT TR B T e e
(benzothiadiazole, BTH)AbHH {1t B Ik X 5 41
BRI N AHSERREN viz, PDF Fl LOX 5 B 5155
YER, T ELBI A S0, A 0 2 AH 2 (pathogenesis
related , PR)JE R 4% SRk P AEHE RN S 72 h A 5k 2%
T AIRZH , qPCR TFSE 3 Al F&{ GBNV W ;
Ul B 2 UV A DA 28 BT TR TR bk CRINO 1Y
MAMP, HEZ SA Fl JA/ET {5 53 B8 1 0%
755 R 48 bt M (induced  systemic resistance ,
ISR), filh & BMUR SR i, Bl 5 241 o
1.3 LiREYRmREXS FRIERS
fTER ZE BT AT R PR R ik K

SA . ZFiMR(jasmonic acid, JA)H" 4k, Lee 21
28 3 ARG A B, i R (RS P50 ) 2 1 e U
W ZE BT B R R SB6 AT AR 4P AR B AR AN BAR L 5
JINAE M9 B (cucumber mosaic virus, CMV): i
il E it RT-PCR W5E, S/KXTIRAAHLL, 5B6
AT i AL CMV KFEE T RNA FX &
a5 AL RS BB AR PR JE K] CaPR4
CaPR5 1 CaPR10 [3Rik; Bkk 5B6 Ab3 it i
AT/ T 2 3 g i A BUBRE B B R R
5 BTH A FRACRARL; J34b, bk Al
BRI SA F TA B 5 I8 3l A2 Ak
W BE . Beris A B, 16 2 FIOR[FIFRBE 4%
PET, ZKiZ . I TE B 4 it A S 43 28 B AT
B AR MBIL600  FJ 5 75 73t B4 25 95 & i 5 i 1K
80%; 4Ar5 SA B JA AHSCHYBEME . )T shel 3t
Tt B A AH DG B PR B % s 0L, &k B MBI600 4k
P M0 SA 7 5l B s = .

Hh A2 M AT AR i 2 R B R R
Abdelkhalek 25220 Th 44 20 bERIFE T AR
ZEMATE POT1 $UH 15 A€ Mk ¢ (alfalfa mosaic
virus, AMV)ITEYE: 78 AMV $F i R, 5
24 h, 4r5IH POT1 WIEGFEIEM (culture filtrate,
CP)Bjta i, B 8¢ AR R IKF-FE K 86.79%,
A K S 80 s HPLC 23 B 45 2R 36 B, POT
AR BRFNA AL BEAE R A 20 FhZ WL A B
T2 9k 7 218.86 mg/kg 1 1 606.49 mg/kg;
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TP RN 2 . S S5 R R B i 2 o A 5
AR 13 AL T3 ST B, K4 ik
N7E POT1 AFRfS#HEAS, H Ay sl &
IR F3H AL T 2 2 5652 K7 AN2 35
PR R E) 588.133 £5 1 97.005 £y, IR
i 2 0y o A1) S A 7 R YRR B4 1T BB A B 17 7
b R AR

2 FHRAFETALR MR = N
21 BRSNS
BFE RN, SEMURF B 1 1) 2 0 0

(surfactin) 55 Q3 7 4 5 % 2 W45 HL AN S h )
THEE(R 2).

21,1 REFEUHRNHFSEESEIMBER
i
Rt 5 2 A MBS B 152 2% A L ) SC 2D

Rt 541 1 500 AT AR S A RO PR EE 25 . Yuan
SEUTR I, R ST R A R T MR (1R 3)
FEFARHR BE (15-50 pg/mL) ] 30 3% i £ 1 R
15 % % (porcine epidemic diarrhea virus, PEDV)
AL Yett: B I R % 57 (transmissible gastroenteritis
virus, TGEV)TE b Bz AP 3g %8, M A
A AEEEE s SEH R, SRR HA RS
TR, T 3 AR g 7 R 0 A I 1 3
By MRy, D RRIEERB AN
(CUNFINI SIS NS A R (B W S )
R TERZOCARIR, IF DS I kEsE T

x2 FRAEFEBERASESNESHRBH ISR R ENH

Table 2 Metabolites or components of antagonistic human or animal viruses produced by Bacillus species

and their mechanism

P T I bR 44 PR H b3 2 VERIBL I 275 3k
Antiviral substance  Strains’ name Target virus Mechanism References
FMETE R il B ZF AT I OKB105 AT B M8 A% Inhibit membrane fusion [13]
Surfactin Bacillus subtilis OKB105 Pk B 1 A g during invasion of epithelial

PEDV, TGEV cells by enveloped viruses
Ry-B AR Ui B ZF MUFT T APA Az EE 1B Hindered the HSV-1 infection [14]
Poly-gamma-glutamic Bacillus horneckiae APA HSV-1 in the very early phase of virus

acid (y-PGA)

A EZEMIFF IR chungkookjang /)N B i WY B

replication
Increased serum IFN-f levels [15]

Bacillus subtilis MNV

chungkookjang
Wi A 1 Hu A ZF B FF 74 IDN-EC IR EE . FEDNAERSR Inhibiting viral entry [16]
Exopolymer Bacillus licheniformis IDN-EC R MK 0P O R 5%
(EPSp) HSV, PRV, VSV
ARG BUEE RNA A RZE OB MTCCS5480 ARl s Inhibition of reverse [17]
Small non-coding Bacillus subtilis HIV transcription at the early stage

double stranded RNA MTCC5480

(dsRNA)

A J /N2 LT T A B
Ribonuclease Bacillus pumilus 1AV
produced by Bacillus

pumilus (binase)

=

C

of infection and suppression of
translation at the

post-integration stage

I Inversion of virus-induced [18]

proteomic changes
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R,-CH-CH,-CO-Glu-Leu-Leu-Val-Asp-Leu-Leu
(o)

3 EMREEMHERRZMHNS TR
Figure 3 General structural formula for surfactin
homologuesm]

FER AR B RE R RE ) 5 A NI I 11 iRk
TS PR X R PR /R, rT TR PEDV L
212 RSN EESWINEIREANR

R -y- AR (poly-y-glutamic acid, y-PGA)

ZEMAF AW AN R G W . Marino-Merlo
4‘?““ WEIE & B, T IR A2 B AT B (Bacillus
horneckiae) APA #k 7= 4 W) B ov- B A R
(y-PGA-APA) 5 HL B 2 Z i B 1 Y (herpes
simplex virus type 1, HSV-1)$5E R 40 M 5
P, HEREWALE HSV-1 & il R & FEAE A .

O OH
%
H
N
H,N o Y - a
b
O
HO \O

4 By-waBus FaEm'
Figure 4 Molecular structure of y-PGA"!

Poly glutamic acid

Lee ZRIR T v-PGA (& 4)HTi A9 2544
M, S IFN-B 742, -8 2 000 kDa
Y y-PGA REFR il /)N B i U195 25 (murine norovirus,
MNV)7E RAW264.7 Hr 5 i, FFHRHTE BE 2 Gy
BRI T:; PR ERY] y-PGA W] T3
o BE HE A I, B EEVE S TLR4 MG
B B A7 MD2 Fl CD14 %} y-PGA 4 & A %
FE/N R B IR KR 52, v-PGA RRIE B3 in
4B IFN-B 335, R y-PGA A 48 /)N BRI
T ™ IFN-B /KPS 5 AL 2 40 L R, 1 FL
FEAL/NEL BTG Peyer’s 45 Ml 2 I bk B2 45
MNV {9 1 1 .

Sanchez-Leon ZEU & 2F AT IDN-EC
77 ) I AN R G W) (exopolymer, EPSp, EEA,
T NBEREIR ZHEFIR B AR, B ST T8

OH

- Electrostatic interaction

Enveloped viruse | Virual protein

Bl 5 RFMITE IDN-EC %= IR R LemT

Figure 5

Structure and function of exopolymer derived from Bacillus licheniformis IDN-EC!'®

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



EIGHAE: ZEMUFE RN BB R B LT 7Rt 1975

FIRAE, 450 EPSp BEA &0 B sl 13
R AE O AR R A AU ME ORI B R A
(EXFAR R 5 8 JCAL 7E/NUA N EPSp JoEE
M, Y T T O
2.1.3 FH/NEIERSIET RNA B S

Imrat SEUTEAG T BN A0 A SR & 18
KGHGE 12 PR R A B /NI E i
dsRNA 13t HIV {51, & B 228 AT T8 e bk
MTCC5480 = A ) 34 AMZFF R dsRNA (751
4 3'-UUGGUACACGAGAUGGUUCGACUCG
AUGAAGGGC-5', E6)5 HIV-1 fs3E 5 4ME
VE i TR B i miRNAs; /%73 55 11t dsRNA,
Yok T H HAG P JRCSF #k HIV-1 Jgk e &b J& 1 2
AN TS E, H ECsofEl 0.2-0.3 pmol/L,
FE HIV-1 2R Ys LT 41 i 3196 5% S 3E 5 )5 1) 80
PR, EAHERBUR RER YT A — 05T
2.1.4  IZPEALEREE TR R S AR

Ulyanova USSR W, 46/ 28 AT B
4 fJ RNase B Binase, 7]l ii% k85155010
AS49 AMI A (T4 2R Ak, R EE A DG AR
TSP A RIEIEY% #E HIN1pdmO09 AYTE Pk,
A8 e IR S S RO B R AR
(NCL. NPM1, Nup205 F Bax) 5% 4 il B 42 5 ¥4
E1(RDX. PENI Hl TUBB)&:, i K2 v iR
Wl fES 5, WL Binase DL ZFP 5 Xk
FEHUIR B

6 FHEZFHITE MTCC5480 #RF=H 1 34
WE B /N IE 475D dsSRNA 517

Figure 6 34 bases small non-coding dsRNA sequence
produced by Bacillus subtilis MTCC5480!""".

Andreeva S WAL T 95 2 4 2E AT B 4300
RNase HURGIRAMF, BHEHTRD], BaRlh
T 55 kDa M Al 73 5 (15-20 kDa) ) RNase,
FEAS RO T B R I AR IR 451, R uE M
Al ARSI ESR 5 A/Aichi/2/68 (H3N2); ik
PR IR o AT E R SR UE R A, 1h
JGLA 10 LDso ik 5B/ N, B n] S it
50%M PRI, I SE YRR,

2.2 HIESHRIKERES

Jiti ¥ 5 W 21 Jfd (alveolar macrophage, AM)
ST TR E R AR A —, S G IR A
4 % B (respiratory syncytial virus, RSV)EH
fLR4; Hong SIS R, B4 TG R 2
JELAF TR R B R A8 1 R PR 7 A, B M
ELWR A0 L 3 AR GO ER 0 BE A, B R IR RSV
i S R 8 i A 47 L LG ORE AR ZF X AM
i) TLR-MyD88 Hifi5 55 % .

Paparo 45 ' 41 iU B RUBIF 5% & B, 4
(O/C. T. SIN F1 N/R) %57 Hr 2F MU AT I8 (Bacillus
clausii) IR GV 9 i B HEBL RS IR 5 5 |
F0 15 J5E P BEL AR, (2 E G B 1 SAC A 5 4 4
£ H (occludin il zonula occludens-1)[¥ %3k, ££
PRGN B 5 5w 55 T 25 A TR RE 0 1) e IR
B Y A A 2B T PR AR R 4 PR 40 i DX - (TL-8
FINF-B), TEfE 5 TLR3 i I Fik
2.3 AT REEE

Lai SEP2BFSE T V€A 27 IO 08 % 5 R )5t
FWR(Procambarus clarkii)B&YL 1B LEERER £
(white spot syndrome virus, WSSV)AJ5Z0, &
PRI T A 0 AR D Ay 2 LA T T I 2 AR AT I 4
B T A WSSV L /N g BF B BB TR K
WSSV 1#5 DKL, i Hr R B3 Toll
FEZ A . NF-xB Fl C BIEESE 355 Sl A Gk (K]
IR, XTI A0S, My AA A Il T 1 A 4R
A A T P LA R
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Han S5PBF5 2 WA 5 2 IR R 2 3 1
T P 2R AT e 2 R I P DUC I RE P BF (viral
hemorrhagic septicemia virus, VHSV)EYL 5
1 bRz 20, T B R 2 AT B ) U 1 )
AL R An b R A AT VHSY, T IR
YIAE D VHSV 48 h )5 B CPE; 03 96 h )5
IR MR A B2 AT TR A SR L RS R AL B A
e CPE. Tl 20 Mo AT B i S e )35 T e
98 N 0K LA Ry 8 4 0] P BB RS 2% 28
PRS2 g Bk o

Waiyamitra Z£P70% BRI 1%4%5 4 2618
FF B (RS B 2E IR BRT . b A 2 AT B8 R /N 28
JLAT TR ZE ) R AR MR MR A 25 e, FE IR B i
JREEST 5. 6. 9 Fl 12 d (e S W] AR TR
H0.5% AU NIZIR A WA R A 2 R, R
il-8 . ifn-y. irf-3. mx Ml rsad-2 FH A FIFEH
kW FA

Tsai ¢S4, A% B IR IR0 2, AR5 A% 2%
T8 U3 25 MU FF TR ) PR BS 60 d, & B DL S 2
JRUATF A ] B S 3R PR 5 LT 28 o [ BR o 7 2 i
] W DT SRSy 28 A TR B A TFN-y . PLEs
7 1 (myxovirus resistance 1, Mx1), 5% S
K7 %% 306 R T 1 (signal transducers and
activators of transcription 1, STAT1)f* mRNA K
S35 Ei#, TLR2 1 TLR4 i3 1,

ARSI T IE R, R MR B2 A R
CCBS-1 AJ 4 i S50/ Utk L 4 i e b % . NK
A0 TG S IL-4 | IFN-y Rk AIER 1k 1gG
KAV, T4 v BL A BROGTE 2 e 1 RLATHE
LI,

3 G

ZE BRI, ZE AT B AP0 R AL ] B A
B, RIT A E S L Y Akt sz 5
P BTN . B SEEA ',

PR RS A7 AR Y A ZE sl s Ay g AR {4 T —Fb
ATRETT o SRS [ 64 25 U R T 2 HIL 1
A, PURBEGRATAEZ R, PURTE N I
GBI SR IR, HBTR AR
RALABE SRR, L2 TR M 5 1k
BRI W TS 1] e A5 At o 5
R A ROCR i i A= 25 AT i A fie a2 Bl A
Py i o A= A 1 ) A B8 4 ath R AU AR L A
TEEEHUIE ST BEAE A AR MRS B 2x (0
Ji& R A bt N\ S B v 54 b R A
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