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Enhancing Broad-Spectrum Basal Resistance of Tomato Against Colletotrichum spp.
Fungi Using Inactivated Bacillus thuringiensis BtHS1 Bacterial Remnants

Jia-Ying Lin, Ching-An Chang, Hsiang-En Huang
Department of Life Sciences, National Taitung University, Taiwan R.O.C

Abstract

Bacillus thuringiensis (Bt) is a commonly used biocontrol bacterium in agriculture and has long been
applied for pest management. Recent studies have shown that Bt not only suppresses insects but also
has the potential to enhance plant resistance against pathogens and abiotic stresses. However, field
applications have revealed that large amounts of viable Bt cells may pose potential risks to humans
and animals as opportunistic pathogens, increasing the possibility of biological contamination. In
previous studies, our laboratory isolated a Bt strain, HS1, which was shown to enhance tomato
tolerance to drought, heat stress, and anthracnose disease caused by Colletotrichum karsti by
upregulating ferredoxin (Fd) expression and activating salicylic acid (SA) and jasmonic acid (JA)-
related defense pathways. To reduce the biosafety risk associated with live HS1 cells, a high—low
temperature deactivation method, designated HS1-5s-10 (-20 °C for 4 h followed by 50 °C for 15
min), was developed. This treatment reduced the viable cell count from 10* CFU/mL to <100
CFU/mL, and the inactivated preparation was subsequently used for tomato biocontrol experiments.
The results showed that HS1-5s-10 treatment alleviated disease severity in tomatoes infected with C.
karsti, C. gloeosporioides, and C. camelliae-japonicae. HS1-5s-10 treatment had no significant
effect on the levels of H20: and total peroxide in infected plants but enhanced the accumulation of
total phenolic compounds without affecting soluble peroxidase activity. These findings suggest that
HS1-5s-10 may strengthen tomato defense against pathogens by promoting the accumulation of
secondary metabolites rather than inducing oxidative stress responses. Moreover, the metabolic
fragments of HS1-5s-10 also exhibited direct inhibitory effects on Colletotrichum species.
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Abstract
Bacillus thuringiensis (Bt) is a commonly used biocontrol bacterium in agriculture and has long been applied for pest management. Recent studies have shown that Bt not only suppresses insects but also has the potential to enhance
plant resistance against pathogens and abiotic stresses. However, field applications have revealed that large amounts of viable Bt cells may pose potential risks to humans and animals as opportunistic pathogens, increasing the possibility|
of biological contamination. In previous studies, our laboratory isolated a Bt strain, HS1, which was shown to enhance tomato tolerance to drought, heat stress, and anthracnose disease caused by Colletotrichum karsti by upregulating
ferredoxin (Fd) expression and activating salicylic acid (SA) and jasmonic acid (JA)-related defense pathways. To reduce the biosafety risk associated with live HS1 cells, a high-low ivati
55-10 (-20 °C for 4 h followed by 50 °C for 15 min), was developed. This treatment reduced the viable cell count from 10* CFU/mL to <100 CFU/mL, and the i was
experiments. The results showed that HS1-55-10 treatment alleviated dlsease severity in tomatoes infected with C. karsti, C. ioic j

method, desi HSI-
used for tomato biocontrol
. HS1-5s-10 treatment had no significant effect on the levels of

, and C. Ui

without affecting soluble peroxidase activity. These findings suggest that HS1-5s-10 may strengthen tomato defense against
rather than inducing oxidative stress responses. Moreover, the metabolic fragments of HS1-5s-10 also exhibited direct inhibitory effects on Colletotrichum species.
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BtHS1 Activates Both SA and JA Defense Pathways in Tomato
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s mean + standard error.Growth conditions: 12 hlight / 12  dark photoperiod, light intensity 400 umnl s, 25°C.

BtHS1 Inactivation by -20°C and 50°C Temperature Treatment

-20°C 4 hours, S0°C 15 minutes
10° CFU/mL — 10° CFU/mL

A Inactivation of BHS1 by high-low temperature treatment (HS1-55-10)

Bacillus thuringiensis BUHS | was cultured in Lysogeny Broth (LB) medium with shaking for 18 hours, reaching a cell density of 10* CFUAmL. The culture was subjected to
 combined temperature treatmen consisting of incubation at -20°C for 4 hours fllowed by a 50°C water bath for 15 minutes. Aftr serial dilution and plating, the bacterial
count was reduced to <107 CFU/L, indicating effective inactivation.

Colony Growth and Spore Morphology of Colletotrichum spp. on PDA

A Mycelial growth and spore morphology of Coll karsti, C. and C. e on PDA medium

Colleiotrichun karsi, C. glocosporioides, and C. camellae-japonicae were cultured on PDA medium under dark conditions at 28 C. Afer 7 days of incubation, colony
morphology was photographed o obscrve mycelial growth. Each Colleorichun speies wasaso culurd in PDB liguid mediam unde shaking condiion (drk; roor
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Different Severity Levels of Anthracnose Disease in Tomato Caused by Colletotrichum spp.

T L R
Level 1 (leaf spot size <
Level 2(0.5 mm S leafspot size < 1 mm)
Level 3 (1 mm = leaf spot size < 1.5 mm)
S )

Level 5 (2 mm < leaf spot size )

N

A Disease severity scale (Level 1 ~ 5) of tomato leaves infected with Colletotrichum spy
Tomkopanis vere grown in o conoled rowthchumbet e 45 days, migied with S0 mLof 100
irtgated with 50 mL of 10-fold dilued Luria-Bertan (L) medium. Five . a Colletotrichum
P and 10 MM MgSO: 20 . pe plan) vas o oM i c saia efce o msio ever, Dl sympons e mociopmp
inoculation. (A) Representative (Level 1-5). (B) Csiteria for

dark photoperiod, lght intensity 400 ymol s i

ted inactivated HS1 e ‘The control aroup was
) mixed it 15

7 days after
o light /12

HS1-55-10 Effectively Enhances Tomato Resistance Against C. karsti, C. gloeosporioides,
and C. camelliae-japonicae
(A) (B) ©)

(D)  CK Total Disease Severity (E)  CG Total Disease Severity (F) CCJ Total Disease Severity
3l o 37 = control 551
M ®control ¥ HS1-55-10 W control ® HS1-55-10 g contol - HSI-S-10.
41 2
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Discase Severity (Seale) Discase Severity (Scale)

A'luectated SRR e SR c spp. induced
to planis were grown in a controlled hamber and, after 45 days, imigated with 50 mL_ of 10-fold iluted inactivated HS1 suspension. The control group
s e with 50 L of 1040 iied Lus- e (L) medium. Five day afer rigton » ot o S
containing 1/5 PDB and 10 mM MgSO: (20 mL per plant) was uniformiy sprayed onto the abaxial surfice of tomato leaves. Discase symploms were phofographed 7
de st ncdaon JERNE) SRR o RRC. et (), (il C. Cancliacapomcas €O i eonrl and 19 5510
iresments © = SR R . o o 12 R iR it R ol s 23l e
performed using SPSS software with ANOVA folloe b an ndependent sample e, Astcraks (%) ndiatssgnifican dfercnce (1 =3, p <0.05). Dot
st sa e .

HS1-5s-10 Increases Total Phenolic Compound Content in Tomato
(A)  CKToul phenolc compound ®)

G Total phenolic compound ©

CCI Total phenalic compound

A Total phenolic compound content in tomato leaves after irrigation with inactivated BtHS1 and infection by Colletotrichum spp,

Tomato plants were grown in a contolled growih chamber and, after 35 days, imigated with 50 mL of 10-fold diluted inactivated HS1 suspension. The control group

was irigatcd with 50 mL of 10-fold dilutcd Luria-Bertani (LB) medium. Five days afcr irigation, a spore suspension of C. karsi, C. glocosporioides, or C. camelliae-

japonicae (1x10° spores/mL) mixcd with 1/5 PDB and 10 mM MgSO (20 mL per plant) was uniformly sprayed onto the abaxial surface of tomato leavcs. Total

ety e 0¥l 7 oo b ) e G ol ol oS e
und conten afte inoculation with CG. (C) Total phenolic compound content after inoculation with CCJ. Growth condiions : 12 h light / 12 h dark photoperiod,

it mmva o pm(y\ m* 5, 25°C. Statistcal analysis was performed using SPSS software with an independent sample t-est. Asterisks (%) indicate significant

).
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HS1-5s-10 Has No Effect on H:O: and Total Peroxide Content in Tomato

@) CK Hy (B) CGHO, ©) CCIHO.
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A H:0: and Total peroxide content in tomato leaves after irrigation with inactivated BtHS 1 and infection by Colletotricium spp.

Tomato plants were grown in a controlld growih chamber and, afier 35 day: £ S S 0 s
irigated with 50 mL of 10-fold diluted Luria-Bertani (LB) medium. Five days afte a spore suspension of C. karsi, C. glocasporioides, or C. camelliae-
oo (121 tpar) it MR 1§50 1 o) s umfum\lv e S S L
ind CCJ. (D-F) Total peroxide content afer
) 25°C. Suisica iy s peformed

(A CK,
mmuh\von ith CK, CG, o GO0 Growi iR s Mwmpenod light T “0 umm m?s

HS1-55-10 Does Not Increase Soluble Peroxidase Activity in Tomato Infected with

Anthracnose
(A)  CK Solubl Perovidase activty ®)

G Soluble Peroxidase aciv (C)  CCISoluble Peronidse activity

oluble peroxidase activity in tomato leaves after rrigation with inactivated BEHS1 and infection by Colletotrichum spp.

“Tomato plants were grown in # contrlled growth chamber and, aftr 35 days,irigated with 50 mL of 10-fold dilued inactivated HS1 suspension. The control group w

i mcd it 50 L of 1056kd i oo (LB) modi. Er days ahe iigaion sp @REcsion o C. st G cssportdes, ox G amafie:
japonicae (1x10° sporesmL) mixed with 1/5 PDI and 10 mM MgSO: (20 mL per plani) was uniformly sprayed onto the abaxial surface of tomato leaves. Soluble
peroidse sty wns osrd 0.2, nd S dy postscdton, () Sl perc ks sty WSt with CK. () Sl sl peroi e sty e
inoculation with CG. (O 12 hlight / 12 h dark photoperiod. ngmmmm..ym,.m\m X
E R e T =3.p<0.05). Data are
presented as mean + standard err

Effects of Trifloxystrobin, Dichloran, Prochloraz, and HS1, HS1-5s, HS3 EPS Media on the
Growth of C. gloeosporioides

S:mplc st

Growth diameter after 7 days

= Trifloxystrobin

% = control
o = HS1
g HSI-Ss
S " HS3

Dichloran

Prochioraz

ool 105 100x 10 100x 10 0 10 1w 10 o 10 w0
Dilution factor (), Pesticide concentration (ppm)

PRgcnsotin, Dilora, Prochlersz nd HS1, IS
Dextrose Agar

. HS3 EPS media effectively inhibit the growth of C. glocosporioides
10 ppm or 100 ppm of rfloxystrobin, dichloran, o prochloraz, as well as 10-fold or 100-fold
£ Iysi

du.ubansu 11

,mnd HS3 EPS media
S8 software with. Il
3. p<005). +

d by Fisher's protected I fi (LSD) test. Different letters.

C. Gloeosporioides Cause Varying Levels of Infection in Pitaya
@) (B)

Diagram of lesion area calculation.

Pitaya (5-6 cm 435 days e Ix10¢
PDB and 10 mM MgSO« dat 0.5 mL per fuit
L

edwith 15
ed.

B)
S R GO W e T i ) S I Ui 2 Bk om0
mi. Level 4 : 9 mm? < Black lesion < 150 mi¥. Level 5 : Black lesion > 150 m

HS1-5s-10 Suppresses Persistent Infection in Mildly Anthracnose-Infected Pitaya

)

A Injection of inactivated BtHS 1 suspension halts persistent infection in level 2 and 3 Anthracnose-infected pitaya

Pitaya fruits with anthracnose symptoms were classified as Lev 2, 3, or 4. Each lesion was treated by inecting 0.5 mL of inactivated HS suspension per fruit. (A)

B e e e
software with ANOVA followed by Fisher’s protected least significant difference (LSD) test. Different

ey 3,p<005)

Conclusion
1. HS1-55-10 reduced discase severity in tomato infected with C. karsti, C. gloeosporioides, and C. camelliae-japonicae.

2. HS1-55-10 increased total phenolic compound content

3.HS! did not increas idase activity
4 enhance defense via s y accumulation
5.HS! lic fragments direetly inhibited P

6. Inactivated HS1-5

510 induces resistance while avoiding biosafety risks of live bacteria.
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