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Tom tat

Peptaibol thugc nhom oligo peptide ¢o tinh chat ludng cuc, mach thing bao gdm 5-20 gbc amino acid, duoc sinh tong
hop théng qua con dudng tong hop peptide khong phu thudc ribosome (NRPS) & ndm néi chung, trong d6 c¢6 cac loai
thuoc chi Trichoderma. Vi ham lugng amino acid hiém gip (khong c6 ban chét protein) tuong dbi cao nhu a-
aminoisobutyrate (Aib) va isovaline (Iva) trong chu trac khung co ban, peptaibol thé hién hoat tinh sinh hoc da dang nhu
khang khuan, khang nam, gay doc té bao, kich thich sinh truong thye vat va an than kinh. Cho t&i nay, nhiéu loai peptaibol
da dugc thuong mai hoa trén thi trudng trong vai tro thudc trir sau sinh hoc nén di nhan dugc su quan tdm nghién ctu
clia cac nha sinh hoa va duoc 1y hoc. Bai viét nay tong quan mot sé hoat tinh sinh hoc quan trong ctia peptaibol tir nAm
Trichoderma.

Tir khéa: peptaibol; Trichoderma; khang ndm; khang khuén; doc té bao.

Abstract

Peptaibols are a large family of linear, amphipathic oligopeptides consisting of 5 - 20 amino acid residues, generated
from the fungal nonribosomal peptide synthetase (NRPS) pathway, including the Trichoderma genus. They contain a
relatively high content of non-proteinogenic amino acids, such as a-aminoisobutyrate (Aib) and isovaline (lva), in their
structure. Peptaibols exhibit a wide range of biological activities, including antimicrobial, cytotoxic, and neuroleptic
effects. Numerous peptaibols have been commercialized as biocontrol agents, and this class of peptides has received
increasing attention from both biochemists and pharmacologists. In this review, we summarize several significant
biological activities of Trichoderma-derived peptaibols.
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1. Giéi thi¢u

Chi Trichoderma bao gdm mét s6 loai nim
o1, thudc 16p Sordariomycetes. Nhan dién loai
thudc chi nAm nay dua trén cac dic diém co ban
nhu: hinh thai khuan lac, sgi ndm va bao tir. Cac
loai Trichoderma c6 mit phé bién trong dét va
moi truong ¢ chét hiru co phan huy, chu yéu
sinh san vo6 tinh thong qua viéc tao bao tur dinh.
Trichoderma phat trién t6t & nhiét d6 25 - 30°C
va ¢ thé chiu duoc pH tir 2,5 - 9,5, tuy thudc
vao loai. Trichoderma 12 ndm d6i khang, c6 kha
ning ky sinh va tiéu diét nhiéu loai nAm gay
bénh thyc vat thong qua viéc tiét enzyme phan
gidi va chat khang sinh. Chung canh tranh dinh
dudng va khéng gian sdng véi cac vi sinh vat
khac, ddng thoi kich thich sy phat trién cua cay
tréng [1].

Céc hop chét thir cap tir Trichoderma c6 hoat
tinh sinh hoc quan trong. Pang chu y, hoat chét
peptaibol c¢6 khdi lwong phan tir tir 500 - 2.200
Da, c6 chira 5- 20 amino acid (oligo peptide)
(Hinh 1). V& mat cau trac khong gian ba chiéu,
peptaibol thudng hinh thanh dang xoan a va nép
gap B nén cho phép chiing c6 kha niang di xuyén
qua mang sinh chit ciia té bao sinh vat khac tir
do6 tao ra hang loat cac hoat tinh sinh hoc quan
trong nhu khang khuan, khang nim va gay doc

té bao [2]. Peptaibol thé hién tic dung khang lai
nhiéu loai vi sinh vat khac nhau, bao gé)m vi
khuén, nAm va tham chi 14 virus. Trong do, hoat
tinh sinh hoc ndi bat nhat cua peptaibol 1a kha
ning khang khuidn manh mé&. Hiéu qua khang
khuan nay chu yéu nhd vao kha ning tuong tac
v6&1 mang sinh hoc, hinh thanh céc kénh ion hodc
16 thiing trén mang, 1am mat di sy toan ven cia
mang va din dén ly giai té bao [3].

Hon nita, peptaibol con c6 hoat tinh gay doc té
bao d6i v6i cac dong té bao ung thu, khién chiing
trd thanh (mg vién tiém ning trong phat trién
thude diéu tri ung thu. Co ché hoat dong cula
peptaibol trong diéu tri ung thu bao gém viéc 1am
gidn doan mang té bao, kich thich qua trinh
apoptosis (gdy chét té bao theo chuong trinh) va
can thiép vao cac con dudng tin hiéu té bao [4, 5].

Peptaibol ciing cho thiy kha ning diéu hoa
mién dich va khang virus. Mot sb peptaibol da
dugc chung minh c6 thé kich hoat cac té bao
mién dich hodc diéu chinh cac qué trinh viém, tir
d6 tang cudong phan tng mién dich cua co thé.
Kha nang khang virus cua chiing dugc cho la do
kha nang phd v& mang boc cua virus hodc can
thiép vao qua trinh twong tac gitra virus va té bao
chu [6].
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2. Hoat tinh khang khuin va khang nim

Peptaibol c6 hoat tinh khang khuan va ndm
gy bénh phd rong trén nhiéu giéng cay trong.
Co ché tac dong da dang va bao gdm mét sb loai
dué6i day (Hinh 2) [2]. Peptaibol tir chung ndm
T. longibrachiatum SMF2 c6 hoat tinh khang lai
vi khudn Gram 4m Xanthomonas oryzae pv.
oryzae, tac nhan gay ra bénh bac la lua. Cu thé,

tir ching ndm nay ngudi ta da phan lap duoc
peptaibol trichokonins A. Thir nghiém in-vitro
cho théy gi4 tri MIC cua cht nay dat 54 pg/mL.
Hoat chét nay gay pha hity thanh té bao vi khuan
va giai phong nodi chit nhu protein va acid
nucleic. Phan tich két qua xir Iy bénh bac 1 bang
ché pham trichokonins A nong d 27 pg/mL cho
thidy mau dugc phun thude giam t6i 82,2% triéu
chimg so véi miu dbi ching [3].
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Hinh 2. So d6 cac kiéu trc ché khang khuan cua hoat chit peptaibol [2]

Trong mot nghién ctru khac, nhém ctia Pan va
cong su [7] da tim thay 13 loai peptaibol m&i tir
loai Trichoderma sp. va déu thé hién hoat tinh
khang khuan. Cuy thé, ngudi ta da phan lap thanh
cong 7 peptaibol co chira 18 gdc amino acid ¢o
tén neoatroviridins E-K va 6 peptaibol mai c6
thanh phan gom 14 gdc amino acid, dat tén
harzianins NPDG J-O. Ngoai ra, cac peptaibol
da duoc thi nghiém hoat tinh {ic ché
Staphylococcus aureus 209P va c6 MIC dat tur
8-32 pug/mL. Hon nira, harzianins NPDG K con
thé hién hoat tinh ¢ ché trung binh trén nam
Candida albicans FIM709, v6i MIC dat 16
pg/mL [7].

Chung T. harzianum A da dugc phan lap tu
ving ré cta cdy argan & mién nam Maroc. Dich
chiét ndm sau d6 dugc st dung dé we ché vi
khuan Zymoseptoria tritici, tic nhan giy dom la
laa mi. Bang k¥ thuat phan tich HPLC-MS, 38
hoat chit peptaibiotic di dugc tim thiy trong
dich chiét ndm thudc vé 09 nhém: trichocryptin,

trichobrevin, triochocryptin,
hyporodicin, trichocompactin,
trichoferin va trichokonin [8].

hypocompactin,
alamethicine,

Chung nim T. orientale duoc phan lap tir bot
bién (Cymbaxinella damicornis) ¢ ving Dia
Trung Hai. Dich chiét tho thé hién hoat tinh tc
ché v6i vi khuan Gram am, Gram duong va ndm
Candida albicans. Tinh sach phan doan khang
C. albicans bang cach két hop hai phuong phap
1a sdc ky cot mé va sic ky long cao ap. Két qua,
nguoi ta da thu duogc peptaibol hyporientalin A
(dan Xuét cua longibrachin-A-II) thé hién hoat
tinh khang C. albicans manh véi MIC tir 2,49-
19,66 uM. Nhu vdy, chat nay co tiém ning sir
dung 1am thudc khang ndm trong diéu trj cac
bénh lién quan Candida [9].

Dic biét, ching nim T. asperellum TR356 da
duogc tht nghiém chéng lai Sclerotinia
sclerotiorum, 1a gidng ndm gay ra bénh théi than
hodc ndm méc tréng, anh hudng dén nhiéu bo
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phén cua cay nhu than, 14, hoa va qua. Brito va
cong sy dd nudi ndm T. asperellum trén moi
truong TLE 0,3% glucose trong 5 ngdy, toc do
khudy 120 rpm va khong c6 anh sang. Tiép theo,
dich chiét nuoi céy duoc sur dung dé chiét tach
peptaibol bang cac ky thuat HPLC va MALDI-
TOF. Két qua, ngudi ta dd thu dugc hai nhém
hoat chat peptaibol bao gdm asperelines (A va
E) va trichotoxins (T5D2, T5E, T5F, T5G va
1717A) [10].

Trong mot nghién ctru khac, dich chiét chira
peptaibol tur chung T. asperellum da duoc thir
nghiém twc ché nhiéu loai ndm bao gdm
Colletotrichum  gloeosporioides,  Botrytis
cinerea, Alternaria alternata va F. oxysporum.
Két qua thu duoc ty 18 tc ché cua dich chiét 1én
chung vi khuan kiém nghiém lan luot 1a: 92,2,
74,2, 58,4 va 36,2 %. Ngoai ra, hoat tinh khang
nam A. alternata ciing duoc thir nghiém trén vat
cha khoai tay. Ty 1é mac bénh cia khoai tay
duoc xir Iy bang dich chiét 1a 0 % trong khi mau
khoai khong dugc xir 1y bi nhiém t6i 92,5 %
(mau d6i chimg) [1].

Vai trd nhu thubc trir sdu sinh hoc cua
Trichoderma da duoc biét dén tir 1au nhung mbi
quan hé giira 3 nhan t5 Trichoderma — thyc vat
— tac nhan gay bénh van chua duoc biét r5. Do
do, cac nha nghién ctru da sir dung peptaibol tur
cac loai T. asperellum va T. longibrachiatum
nham xtr 1y cac loai nAm gy bénh nhu Fusarium
moniliforme, F. culmorum, F. graminearum, F.
oxysporum, Alternaria solani va Rhizoctonia

solani. Két qua cho thdy su gia ting ham luong
peptaibol tong s duoc tao ra trong qua trinh
tuong tac, ciing nhu mot sé khac biét vé ciu hinh
peptaibol giita cac thi nghiém va d6i chimg. Cu
thé, thi nghiém ddéng nudi cdy cua nam
Trichoderma va nAm bénh trén cung mot dia moi
truong thach da dugc tién hanh. Sau do, nguoi ta
do tong dién tich phat trién cta Trichoderma
cung v6i vung e ché ching niAm bénh va chia
cho dién tich cia dia thach nuéi, thu dugc gia tri
chi s6 kiém soét sinh hoc (biocontrol index, BCI)
tinh theo don vi phan trim (%). Két qua cho
thay, chung T. asperellum IRAN 3062C c6 gia
tri BCItrén cic ndm bénh A. solani vaR.
solani 1an luot 14 96,05 % + 3,8 % va 92,16 % +
6,94 %.

Dac biét, nghién ciru trén phuong dién sinh
hoc phan tir ¢3 dem lai cac két qua thu vi. Cu thé,
nguoi ta da sir dung k¥ thuat PCR véi cip moi
thiét ké dé nhan gen text 1 (ma hoa cho enzyme
peptaibol synthetase) va thu duoc két qua 1a
bang vach tir cac chiing nim Trichoderma xuét
hién rat & nét (dwong tinh); trong khi cdc mau
d6i chimg 1a 4m tinh (Hinh 3A). Tiép theo, ap
dung k¥ thuat qRT-PCR nham phéat hién mirc do
biéu hién cta gen tex1 d cho thiy sy gia ting
dang ké trong tuong tac T. asperellum/R. solani
so v6i mau doi chung (Hinh 3B). Tom lai, su
tuong tac voi mam bénh thuc vat c6 anh huong
16n dén qua trinh san xuat peptaibol cia céc
chung Trichoderma dugc khao sat [11].
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Hinh 3A. Két qua khuéch dai gen tex1 (186 bp) bang PCR tir cac chung Fusarium moniliforme SZMC 11046 (1),
Fusarium culmorum SZMC 6239J (2), Fusarium graminearum SZMC 6236J (3), FOSC SZMC 6237J (4),
Alternaria solani SZMC 6241J (5), Rhizoctonia solani SZMC 21048 (6), T. asperellum IRAN 3062C (7),

T. asperellum BS3-8 (8), T. longibrachiatum IRAN 3067C (9), va H,O dugc sir dung lam ddi chimg am (10).

Thang chuan DNA loai 100 bp (11) [11]
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Hinh 3B. Phan tich qRT-PCR véi gen text 1. Cac gia tri (244€7) thé hién cac két qua dinh lugng (twong ddi)
so voi két qua phién ma ciia gen tex1 ¢ cac loai T. asperellum IRAN 3062C (T) va T. asperellum IRAN 3062C
trong thi nghiém xur 1y R. solani (T + R) [11]

Trong mdt nghién ciru khac vé chung nim T.
longibrachiatum c6 kha ning tong hop trichogin
GA IV. 25 din xuit cta hoat chat nay da dugc
thir nghiém véi cac vi khuin Xanthomonas
campestris pv. campestris (Xcc) gy bénh thdi
den (black rot) trén stp lo. Két qua cho thiy, dan
xuét ¢6 tén 4r da thé hién hoat tinh manh nhat

v6i gia tri MIC va MBC tir 2-3 uM. Tiép theo,
4r d3 duogc thir nghiém trén cac chung vi khuan
khac bao gdébm: Xanthomonas arboricola,
Pseudomonas corrugata, Pseudomonas
savastanoi pv. savastanoi, Agrobacterium
tumefaciens, Ralstonia solanacearum, Erwinia
carotovora subsp. carotovora (Gram am) va
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Bacillus subtilis (Gram duong). Thi nghiém da
chtirng minh 15 pM 13 ngudng ndng d6 @c ché
sinh truong tdi thiéu ciia hau hét cac chung,
ngoai trir P. savastanoi pv. savastanoi va P.
corrugata [12].

3. Hoat tinh khang té bao ung thw

Longibrachiamide A dugc phan lap tir chung
T. longibrachiatum Rifai DMG-3-1-1, 1a loai
peptaibol ¢6 20 gdc amino acid. Ca 4 din xuét
ctia hop chat nay déu thé hién hoat tinh manh
trén cac dong té bao BV2, A549 va MCF-7 cells.
Ngoai ra, chiing ciing thé hién hoat tinh trc ché
trung binh cac chung vi khuan Gram duong bao
gbm MRSA T144 (methicillin-resistant S.
aureus) va VRE-10 [13]. Dich chiét chua
peptaibol tir chung T. atroviridae 01 da duoc st
dung danh gia hoat tinh khang khuéan va khang
té bao ung thu. Cu thé, tir dich chiét nim nay,
nguoi ta da phan 13p thanh cong peptaibol
atroviridins, chtra 20 gbc amino acid. Tiép theo,
dich chiét chira atroviridins da duoc thir nghiém
chbng lai S. aureus khang methicillin. Két qua
cho thay chuing thi nghiém c6 tdc do sinh trudng
giam xubng dudi 10% so véi mau dbi chung.
Dich chiét peptaibol ciing duoc thir nghiém trén
té bao ung thu vi (MCF-7), t& bao ung thu tir
cung (HOC) va ca cac dong khang da thudc cta
chung. Nhu vay, peptaibol c6 anh huéng manh
1én kich thudc va mat do vat chat cua té bao theo
mo hinh 3D [14]. Velutibol A, mot loai peptaibol
¢6 chira 14 gdc amino acid duoc phan 1ap tir T.
velutinum phan bb & diy nai Himalaya. Doc tinh
té bao cua velutibol A da duoc thir nghiém trén
cac dong té bao ung thu HL-60 (bach cau dong
tuy & nguoi) vai gia tri ICso = 4 - 23 uM. Tuong
tu, nhom nghién ctru ciing tim ra bon dan xuét
lipovelutibols A-D méi, gdm 6 nhém amino acid
¢6 chira leucinol & d¢au C va n-octanoyl & dau N.
Céac hoat chét lipovelutibols B va D da duoc thu
nghiém trén cac dong té bao ung thu HL-60,
LS180, MDA-MB-231 va A549 véi gia tri ICso
lan luot 1 4, 7, 5 va 4 uM [15, 4].

4. Hoat tinh kich thich sinh truéng thwe vat

Céc loai Trichoderma con duoc biét dén vai
kha nang kich thich sinh trudng thyc vat va cai
thién kha ning chéng lai cac stress nén chung
duoc st dung dé lam 16p mang phu hat gidng cay
trong (plant seed coating). Dé tim hiéu co ché
cua hién tuong nay, nguoi ta da nghién ctru hi¢u
qua cua dich chiét ndm d6i v6i enzyme H-
ATPase nim dinh vi trén mang sinh chét.
Enzyme nay dic biét can thiét dé thuc vat sinh
truong va cling 1a dich tdc dong cua céac loai vi
sinh vét cong sinh véi thuc vat. Cac thanh phan
peptaibol c6 trong dich chiét T. harzianum nhu
trichorzin PA (tPA) II va tPA VI ¢6 vai tro hoat
héa manh mé& cac H-ATPase. Ngoai ra, cac
peptaibol nay cting tich hop vao trong mang sinh
chat va hinh thanh v6 s6 kénh din truyén ion
khién cho mang bi hu hai, d6 14 hoat tinh khang
nam bénh. Toém lai, hién twong cong sinh cia
ndm va thuc vat, dic biét co lién quan toi
peptaibol, 1a mot sy can bang phy thudc nong do,
ma & do peptaibol khong nhiing tadc dong nhu
mot nhan t& diéu khién sinh hoc va con co vai
tro kich thich sinh truong thuc vat [16].

Peptaibol tir Trichoderma longibrachiatum
SZMC 1775, T. longibrachiatum f. bissettii
SZMC 12546, T. reesei SZMC 22616, T. reesei
SZMC 22614, T. saturnisporum SZMC 22606
va T. effusum SZMC 22611 da dugc stir dung
trong nghién ciru mdi quan hé cau trac — hoat
tinh (structure-activity relationships (SARs))
giita cac hoat tinh sinh hoc va ciu trac 3D cua
peptaibol. Anh hudng ctia hdn hop peptaibol tir
cac chung Trichoderma khang lai chung vi sinh
vat ciing dugc kiém nghiém. Dich peptaibol tir
chung T. longibrachiatum f. bissettii SZMC
12546 ¢6 gié tri nong do trc ché nho nhat véi cac
chung vi khuin Gram duong bao gom:
Micrococcus luteus SZMC 0197, B. cereus
SZMC 23292, Clavibacter michiganensis
SZMC 0016 va Rhodococcus fascians SZMC
21247 lan luot 14 0,156, 0,156, 0,156 va 0,625
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mg/mL. Ngoai ra, dich chiét c6 chira peptaibol
cling tc ché vi khudn Gram am Rhizobium
radiobacter voi gia tri MIC = 1,25 mg/mL. Dya
trén cac nghién ctru dong hoc phan t, trinh tu
cAu triic cua cac gbc amino acid trong cac nhom
A va B chi yéu 1a dang ciu tric c6 trinh ti 'Gly-
Leu-Aib-Pro' va 'Gly-Aib-Aib-Pro' [17].

5. Mt s6 hoat tinh sinh hoc khac

Mot sb peptaibol co dic tinh gdy tan mau
(hemolytic), vi du xir Iy alamethicin trén té bao
mast ctia chudt, bovine va té bao lympho, h@)ng
cau chudt [16]. Peptaivirins A va B ¢6 hoat tinh
Grc ché manh véi sy viém nhiém virus kham
thudc 14 trong thr nghiém trén cay thudc 1a
(Xanthi-nc). Hon nita, dich chiét methanol cia
T. harzianum (c6 chtta peptaibol) c6 thé tic ché
su di dong cua té bao tinh trung lon ring trong
diéu kién in-vitro, vbn co lién quan mat thiét véi
doc tinh & té bao ngudi [6, 18]. Mot s peptaibol
nhu trichocellins TCA-I1 va B-II, dugc phan lap
tr T. viride, kich hoat su tiét catecholamine tir té
bao sic t6 tuyén thuong than (adrenal
chromaffin cells) thong qua kénh dan truyén
Ca?". Cac hoat dong nay co mbi lién hé véi dic
tinh hinh thanh kénh din truyén ion va cai bién
mang cua peptaibol [19].

Thudc khéng sinh peptaibol trichorzin HA V
dad dugc xac dinh 1a chét chii van thu thé
calcitonin (CT). La mdt hormone peptide
calcitonin, peptide nay 1am ting nong d6 cAMP
trong cac t& bao biéu hién noi sinh thy thé
calcitonin ¢ nguoi. NoO ciing kich thich sy hinh
thanh cAMP trong té bao biéu hién thu thé CT
ngudi tai to hop [20].

6. Két luan

Peptaibol 12 mot nhom peptide c¢6 hoat tinh
sinh hoc thu vi, dugc dac trung boi ham lugng
cao cac amino acid khong thudc protein, nhu a-
aminoisobutyric acid (Aib), cung vdi su acetyl
héa & dau N va su hién dién cta nhdm amino
alcohol & dau C. Céc peptide nay chu yéu duoc

tao ra béi nAm soi, dic biét 1a cac loai thudce chi
Trichoderma. Peptaibol c6 nhiéu hoat tinh sinh
hoc quan trong nhu khang khuan, giy doc té bao,
diéu hoa mién dich va khang virus. Nho vao cac
dic diém cAu trac doc dao va hoat tinh manh,
ching tré thanh nhimng hop chat gia tri cho nhiéu
ung dung trong linh vuc sttc khoe va nong
nghiép.

Mt sé thudt ngiv viét tit: MIC: minimum
inhibitory concentration; HPLC: high pressure
or high performance; MALDI-TOF MS: matrix-
assisted laser desorption ionization-time of

flight  mass  spectrometry; gRT-PCR:
quantitative  real-time  polymerase chain
reaction; I1Cso:  half-maximal inhibitory

concentration.
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