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Trichoderma jinsi

TRICHODERMA ZAMBURUGIDAN OLINADIGAN IKKILAMCHI
METABOLITLARNING UMUMIY TASNIFI

Shomurodova Marjona Zarif qizi
QarDU 3-bosqich talabasi
Nomozova Mohigul Zavqi qizi
QarDU Noorganik kimyo kafedrasi o‘qituvchisi
[Imiy rahbar: Ro‘ziyeva Zarnigor Qaxramon qizi
QarDU Noorganik kimyo kafedrasi katta o‘qituvchisi

Annotatsiya: Trichoderma - dorivor ahamiyatga ega bo’lgan tarkibiy jihatdan
xilma-xil, ikkilamchi metabolitlar xazinasi.Ushbu maqolada Trichoderma jinsining 220 ¥
. yildan ortiq vaqt davomida to’plangan ma’lumotlar asosida shakllangan 382ta
% turihamda jins vakillarining tarixiy shakllanishibiologik faolligini hamda noyob
:‘ xususiyatlari haqida yoritdik.
Kalit so’zlar: Trichoderma, ikkilamchi metabolitlar, kimyoviy xilma-xillik, biologik (:
“ faollik bioaktiv birikmalar.

Zamburug'lar insoniyat tarixida dori vositalari va maxsulotlarini kashf etishda
ajralmas rol o’ynaydi. Chunki ular muhim dorivor salohiyatga ega bo’lgan turli xil
maxsus metabolitlarni sintez qilish uchun noyob qobiliyatga ega. Shu sababli yillar °
davomida ushbu zamburug’ ustida juda ko‘plab olimlar izlanishlar olib borishdi.Ushbu ¥
izlanishlar natijasida to‘plangan barcha ma’lumotlar butun jinsning ulkan tarixini
yaratdi.Trichoderma yaxshi o’rganilgan filamentli zamburug’lar bo’lib, tabiatda erkin
holda uchraydi. Ular bioaktiv moddalar sifatida keng sotiladi.

Trichoderma - sordariomitsetlar sinfi, pezizomycotina bo’limi, Hypocreaceae °
oilasi, trichoderma jinsiga mansub tur hisoblanadi. Trichodermani birinchi bo’lib
1801-yilda nemis mikologi faoliyat yuritgan, mikologiya va taksonomiya fanlari &
rivojiga katta hissa qo’shgan olim Christian Hendrik Persoon (1761-1836) fanga

Trichoderma turlari ro’yxatida Trichoderma zamburug’ jinsida gabul gilingan
quyidagi 382 ta tur mavjud.Quyida ularni keltiramiz:

) tasvirlangan. Lekin ushbu jins taksonomiyasini hal gilish giyinligicha qolmoqda. Uzoq |
.. vaqt davomida u faqat bitta turdan iborat deb hisoblangan. 1991-yilda Bissett Rifai
tomonidan tasvirlangan agregat turlarga asoslanib, bu jinsni gisman 5 gismga ajratdi.

e Pachybasium (20 tur)

e Longibrachiatum (10 tur)

e Trichoderma (5 tur)

e Saturnisporum (2 tur)

e Gipokreanum (15 tur)
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1794-yil Kristian Xendrik Persoon tomonidan ilk bor
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1995-yildan boshlab molekulyar markerlarning paydo bo’lishi bilan Bissettning
 sxemasi asosan tasdiglandi, ammo Saturnisporum Longibrachiatum va Hypocreanum
. monofiletik bo’lib, uning ko’plab turlari Trichoderma bilan to’plangan.
Drujina va Kubicek 2005-yilda jinsning chegaralangan golomorf (tayyor :
' zamburug’) ekanligini tasdiqladi. Ular 88 turni aniqladilar. Trichodermaning o
monotipik ekanligi hagidagi e’tiqod 1969-yilda 9 turni tan olgan Rifai ishiga qadar dﬁ
% saglanib qoldi. Bugungi kunga kelib Trichoderma jinsida 382 tur (2020-yil)mavjud. ¥ %
X

' Gipokrea Trichodermaning teleomorflari bo’lib, ularda anamorflar sifatida Hypocrea !
mavjud.

% makkajo’xori unidan olingan Dekstrozli muhitda shaffof bo’ladi yoki kartoshka ¢
' dekstrosi kabi boyroq muhitda oqroq bo’ladi.
1. Trichoderma turlari tomonidan ishlab chiqarilgan trichothecene
sesquiterpenes.(1-24)

Trichothecene sespuiterpenes

l ()
M3 /\/\/ I H H
] Ry = ) Ry 1.0
\./ \ 2 1
R trichodermarin G (1) R, ~R,~OH L/}(Ji JOH [ T po- k

OH trichodermarin | (3) R ~Ry=OCOCH, { ]"—k‘m ' l;'_" g
trichodermarin L (6) R ~OCOCH,, R glucopyrmosyl y o)
HO \, trichodermarin M (7) R, =glucopyranosyl, R;<H
m-'m,'f \ trichodermod {9) R,=OH, Ry<H tnchodemurna H (2) Ry=H, Ry=CH,0H trichodermann J (4) R =COCH,), Ry=CH,
trichodermm (10) R (=OCOCH;, Ry=H trichodenmarin A (12) R~M, Ry~CH, trichodermanin K (5) R =11, R~CHOH
u’um:v_s'ranv-yl' trichodermmal (11) R ~OCOCH,, R ~OH rcbodermain B (13) Rp-COCH,, Ry+CH,
Jon
,,.,’\‘iq\ 4 LOH OH N o mc H
m) N \\i\u" OH /\(\E 4_L r\ Ho O
i i o
N OH trichobecol A (15) Ry~H, Ry~H O= OH
/1 michobecol B (16) R, =OH, Ry~H >
trichobeeol € (17) Ry ~HR~0OH - S/
/
trichodermurin N (8) 24,12 arihyvdroxyspatrichothecens (14) R, irichobreol D (18) / trichobeend E (19)

o Yo 'l ,\'-',_o Y ol l JoH
= \!? T‘ 1 ol o f o Ilj -0 n
1l s©| o \/:\ = | bk
; (3%
llﬂ l‘L

Barziasum A (20} l’ harzianum B (21) ; wichothecingd A (22) B-deoxy-mchothecia (23) R-0OH

|‘/ _ | trichothecunol B {24) R-H
HO._ o

') O

Trichoderma turlari tomonidan ishlab chiqarilgan karaton, kadinan va sikleneran
= sesquiterpenlar. (25-52)
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Carotane sesquiterpents 1
L~ 7
o y HO=- HO-
Ho= uo"’ wo-T 8 HO™ mv-' Ho~ >
ichocarcta A (28] trichocarotin 1 (26) trichogarcts C (27) sckocarotin (3 (28) inchocarotm £ (29) nckocamtin F (30} '
)
! : -
HO- COOH 10—~
wo- T X HO™ "0’ unq gt
trichacaratio G (31) inchocarotin H (32) CAF-603 (33} H=H Taydroxy CAFSU3(3SE  schocamme A (30) >
trithicacans H 34) R<OH
Cadinane sesquiterpones
Ho,_ .0
" ('m OH ON %
1
aH aH
COOH - ' % <
e K
WA (3%) whodormalond B (M) aspergillond G (40)  Mweomilisin E (410 irich Woid C(42)  rhinomilisin G (43} )
Cyclonernne sesquiterpenes )
Ho.
" i HO 7 1o, # & RO H " H i ¢
m\é?\/\/k i
> L 6
U “OH ~out ~on OH
37,10y droxy-cyeloveran (481 (105 {secyslimerotriol (45) (M2} swey donerctninl (46)  11-methosy Scyclonzren-3,T-tal (4T) R=CH, (- 1esclooradiol (4%) k2
eychneen-3,7,1 1ol (48) R=H
l
0
ON

methyd 3,7 dilydrosy -5 £cych ) 3.5,7- lmi tSll B cychacemnol nw *
1. Trichoderma turlari tomonidan ishlab chiqarilgan drimane va boshqa
sesquiterpenlar. (53-81)
Defmantfasitiorpiios 0 o o o OoH 0 Ks

=
N

-
f.?;
-
B w0 R U G,

neamscropborms 1 (S4) R<OH 0 Jedeoxynoomacrophora IV (56) R “H,R«OR=H
Ho” F\I 7 nevmacrophors | (83) HO” h neomacrophorins 111 (381 R~ ki i -oxoneomacrepharin | (87) R;~0.R 0,R=OH

F-oxoocomacrophorin 1 (58) Ry =0 R;=OHR =01

/l.']:/(l)L ol OH ol
O v | P | b ~o
OK
o | |
f R’
o e 1o

neamacrophons VI (59) R =OH,R~H  5-deoxyseomacrophorin IV (61) presmacraphorin 1 (62) presucrophorindiol (05) R=H  premaceopbonntriol-11 (65)

~

Ol ol O 0

V.

$'-epimacrophorin B (68) R, =0 ,~Ol presmcrophorintiol] (64) R=0H %
Other sesquiterpenes HO *
OH Ol - - - ’:?x
2 o 5 ) Ho, 3 /’ :
o ’ (1 @O wo A
% Ay ) )
i O OH i OH i ! i £ il
?.
mucrosphacropsisin B (66) microsphacropsisn C (67) S-ocoren-3,1 [-diol (68) trichascorenol (69) mchoacorenol H (70) irichodarnsene A (T1)
N
L3 s z
Hi o
o 0 on @%- (B ok 0 - %
|
OH il OH oH ™ OH
on % v
OH
mehoderiol A (72) mchodeniol B (73) trichocupann A {74) R=H wxchodonss A (Te) wichodoses B (77)
trichocupanin B (75) R~OH
: ¥
i OH C00H LCOOH
o LJ\/\)\ ;ﬁ\/\)\
" 1" i R =
N \"/ i COOH i i COOH G&
0 . ) . 0 COOM )
chodoanes C (TH) wrichodermons C (T9) Barsiamoos acid A (80) harsiance acid B (81) %
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deterpenlar. (83-105)

Harzinne diterpenes

“au K “oH ﬁ\'{ml
R AT wo u!-:g‘u

hsezanol F (82)

1o "‘i\'?‘o

harrioned A (89)
Ill\

Z

H
]

O
harrianclacone B (96)

Other diterpenes
] OH
o g
tll
"

Gy icin (103)

3.
Cyclopeptides

0

/—‘(Of\/

HN
o O

0
N 0 O Y
NH
N
|

trichodestruxin A (106)

O

J o s
0
O N 0
O
OYQ T
NH

HN

!

B &
Y\tvﬁ

destruxin A2 (111)

harzinel G (33)

“l o
\
0

deoxyinchodermacnm (%)

harzanol 1 (84) harzunol | (8S) hawzanol 1(86)

[at
p OH  1Ho- I P
W nA HA AR H
() 0 5
O

¥
io
o

W) b

harpunons F (91) 2R-hydroxy-9%, 10R-

(YR FOR)-dihydroh

0
N7

G

Trichoderma turlari tomonidan ishlab chiqarilgan Harzian va boshqa

) [ "H HA UH
i
0

O

hyvdroxyh
35-hy ¥

%) h 1

dione (8%)
7

g
H
o’ 0

! A %S

dilydrohsrsianns (92)

1o, "o, 0 ey
- Sy iy - Ry
1ls H # H | “T %
a 0 0 0 “ou .

baezunoo: A (97)

st sanons B (%8) harsiancee € (99) harzianone D (100)

OH O

Ho” "

,,0,%
NOCH,
T R-awethoxy-$,9,1 3 prod

Trichoderma turlari tomonidan ishlab chiqarilgan siklopeptidlar. (106-116)

OH
Ouov)
J o~
HN

\(go
N O

trichodestruxin B (107)

J-ol {14y Narzianolic acid A (1085)

A
X,
WI.*/L

trichodessruxin C (108)

HN

OlN
.

bomodesteardin (112) R =CHy, Ry~CH,
trichomide B (113) R=CH,, Ry=H

bomodestruxin B (114) R,=H, R~CH;

PFIO22F (115)

ﬂf
5

trichodestruxin D (109)

barsane (101)

Y

L
HN

@ \H%
0
N 0
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destruxin E2 chlorobydein (110)

wichodermaenn (1023

Y

O N

0
0
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4, Trichoderma turlari tomonidan ishlab chiqarilgan dikitopepirazinlar. gﬁ
(117-133) %
Diketopiperszimes
ou U |
‘nh‘s~-s i (IO\NHSL—E";M Ko @ Jé?o’ %
&' Y )
lO'N Q0
OCH, OCH, ot
OCH, acH, OCH; K

peetrichodermamide A (117) R, ~OH, K~H
DCT1498 (120) R ~CL R~H

DCTI49R (122) Ry<Be, Ry<H
iododishiobrevamide (123) R (<1, R,~H
S-epi-peetrichodermumide A (126) R.-H. R~OH

\.hlcmmlhmbrwmudt(ll‘)ll,-(‘l Ry=H

S.epi-trithiog 1 ide A (127 R;=H, R~OH

@6
jo\ 0 *
-~ ’
on S T ° | 0~ . vﬁ
Ml A~ 0 1 0 >
s—-e e N YN
HO” OCH, o 0 . -

0 1 #l N 6 J{ .

didhiouspergillanme A (125)

ichodermumade A (119) R=OH
trichodermamide B (121) R=C1

ghoverm (11¥)

pretrichodermumade G (128)

\§ 1 ~g 1 al o0~ ¢

- s ’

N O/\'(l NT C;)\ N ’
N - B
Mt \rl)~5 Ho - "m)\s’ > N71/.}.:>
ol 0 -4 3
cyeled L-5-MeOPra-L-S-MeO-Pra) (133) ¥
Pl zine-2 1,‘“”"")2)

<

trichodermamade G (119) aspergillazin A (130)

(methylthio)gliotaxin (131) Smeihyl-3,6-bi

defiydroxymethylbisi dethao phis (38 melmdmx)hmtylrl A
5. Trichoderma turlari tomonidan ishlab chiqarilgan alkoloidlar va boshqa

azot 0’z ichiga olgan blrlkmalar (134-143)
Alkaloids 20d ether nitroge .
0 Ol '
OCH, !
0 HC e’ lll, (1 0 ::; .

N
Ol n

eichiibeoneic seid (134) | 24m S A1) irichodoramade B (137) trickodin A (138) R=1i €
J<arboxylate (HSD trichodin B (139) R~ ml o Qﬁ
) O OH o
H.N 0 HOZ 1t " 5
0 N HO A 1
= & B
ol 0 NH Y \/W _
nor] 0 uN B m T o
0 (8] D
harzimsic nowd (140) arichodermone A (141) Sacetoxy-Roxycyclonerin I (142) Slacetnxy deoxyoycloserin D (143) <
.
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B(., 6. Trichoderma turlari tomonidan ishlab chigarilgan naftalin va oktaketid aﬁ
% hosilalari. (144-168) K

Naphthulene derivatives
on O, ol .
' o " (1 )
l H
§ o e e ol - *
A
A)L‘,/ )L/ﬁLO i 1’ o™ It r
ethyl-trichobsecia (145) RaCH, OII
‘ tnchobarein B (144) Irichoharsn |186) R-§ cajvamcnd A (147) trcholarammol {148) mclod:mmdlulm mckodermic acid 1) (150) ’
3 Octaketides
‘ " O
’ e; % O r‘" 0 0 " w/\/\/ *
owthommginin A (151 | b-diapd hetingiom A (152) R = OH Ry H ReoH 100 n piem 1D (154) ) TOS%) R =M R ~OH trichokstdc A (15T) ' cﬁ
- 15-hydeusykosinyinin A (153) Ry= OH = W, R;=0H kovanginin L (186) it ~O$LR~H )
Ok 1]

’ ¢ ‘/Q/\) t/\/y &j/(/\/\/ o H H )g
}3 H 0 s T %
¥ 1 Kemimginin 1 (1S%) Kaminginin J (159) R =0, Ry=CH, 7-O-methylkeningirias D (161) irichodermekceene A (162) wichodermakisonc B (163) %

heminginim K (160) B =230, R=COOH

" / on 0
0, 0 0, Q i B
. A : A -
¥ 1] HC L ~0
o 0 o o 9
rchodermakeione C (164) irchodormakaone [ (165) trichoketase A (166} nchokctade 1 (167) Soninginin M (168) %
*

7. Trichoderma turlari tomonidan ishlab chiqarilgan sitokalazanlar va
boshqa poliketidlar.(169-197)

X ' "%,

u : e o W o
* ;) % ", 2‘ e W“ H %

T O SN s s Blec

“}—\u

¥

-

~

nchoderons A (16%) nchodsrene 15 1198) wpechalaan D (111 aspoachalmin | (172) k=11 richabain C AT trickadann O (175) sposhustsam M (1)

’ { @pochabmis | (1T R-OM RO, I, oM *
pobalean P OTT)
] B, R 0
5 —— ) B X
(7 o % it e 0 MO '-o,‘/ o0 p
B N N )#\—Q\r F ""2:’\\/\]" %" i Y o Ao on ’
\—{ / {
* ” m{ow}_\ ' ; > o A Aeg o ~A0 *
Nis, .
RIS Saadeayorch ilume (179) ACE) ) i taderpyea (1R2) wochederons (183} W 1
x)hﬂﬁtnmllllll\l( o %
)
o o
G 'l O s [
e ‘ M"’ & m) o - Lf §: G L Rt -
\(,,L_Nl\/l\/m o ™ % B
v o
% " ol trehaghennt A (F4) = &-lglbur", heyh-2- ‘- (RAESE A4 S dibopdroy- MJI‘iL}H) sdbyduny-24. &
nmthyy )7 emet) 187y 1] e (188 28 dimeety {ptwenny 1) dimethylpbenylh | tﬂmh
oM Ppdrey bapea L5 -Sen-2one (100) 1.5 on D oom 1199
% W o, ,W,W " o 0 on oo g >
8 , 0] N
e 0 on " 0 j ¢ I
\/\f" v-.Yo 1) " W f “0
oM d bR | ‘tm
wnagh one D195 assaphions 1 (192) coomenalids (193) OR, TR T oy de 3 O Sanode O methy lasmiphedin {1955
* 1 vty Wbedd pld i (194) %
s SOC VSN VRN “*VS UVN &
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- "
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2. Trichoderma turlari tomonidan ishlab chiqarilgan boshqa
brikmalar.(198-203)
Other compounds J(L o
oH : H n on HN PN
/\\/\/\i/\/\/\/‘ \/Y N NS S \)\n/ou
ol QO OH O
thiporidiol A (198) thioparidiol B (199)
OH OH OH OH 8] (;)" Q
HO O OH HO. O ()/U\/Y\C"‘ O/U\/YJ\
OH 0
HO CH;
CH, CHy CH,
Violaceol [ (200) Violaceol [1(201) OH trichodenol A (202) OH  richodenol B (203)

Trichodermaning ikkilamchi metabolitlarini kashf qilishning yangi strategiyalari.
Oxirgi zamburug’ genomlari ketma ketligi ikkilamchi metabolitlar bilan bog'liq

- bo’lgan biosentetik gen klasterlarining ko’pchiligi sirli yoki umumiy labaratoriya %
sharoitida juda past darajada ifodalanganligini ko’rsatdi. Shuning uchun ko’p sonli |
ikkilamchi metabolitlarga qaramay Trichoderma bilan tavsiflanadi. Trichodermaning !
_ ikkilamchi metabolitlarini topishning odatiy misollari keltirilgan. -

Discovering Secondary Metabolites of Trichoderma

|
! ! |

5D
e

Cultivation approaches Metabolomic profiling Molecular approaches
Cultural conditions Co-cultivation Chemical epigenetic Transcription regulationl
_ manipulation
L= P
NaCl R f . \)
DMSO | ‘ ( _— ’
: / \ -
Nal (8 - a A 4.. \\g_ P
1 — —
““““ "’ -’ ::.'t';—'u T ;v \- :
D=5 : — L e b
¢‘n|ﬁ : oM L o ‘ | : e
! - V : - '.‘.". - : : 1 O Skt ‘.
(LRID = — — .
oo =S N | P LL || Juust Ao Woow & B
Trichodermaning ikkilamchi metabolitlarini oshishining yangi strategiyalari. 5

Dengizdan olingan qo’ziqorin Trichoderma sp TDU199 turli sharoitlarda bir gator G
- diketopiperazinlarni ishlab chiqarishi aniqlandi.
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oo = _ﬂ_,m s
O::L‘S"-S " [l\)ﬂ:?f,\_us‘ f uu('m 0 I/”*T%«r
bl o OH MWJX
S M, ) 5% H, &ﬁ o
remichodennunide A “]") PUITENLILN bichodenmnaside A (119,

under ordinary

(8] n-“" (4]
L culture conditions A5 NH
bt . L/ g %P
N — ﬁ O
- 0N supplemented with i supplemented with b
Sl B 3% NaCl | . ! 3% NaBir 2
oMy el
D01 1401 (12, 1AV (122,
~ \
« O o A 4
(‘m :_L_,q:}\ supplemented with .\\ y long-rerm statie AN
SR i DMSO ‘ fermentation UL ,J«-_-/'\,.f
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Trichoderma sp tomonidan ishlab chiqarilgan diketopiperazinlar TDU 199 turli %\ ’76
' sharoitlarda. ¢ ¢

¢ metabolitlarni  faollashtirish, Trichoderma turlarining bargaror potensial &,
metabolizmini kuchaytirishda muqum bosqich bo’lishi mumkun.
Xulosa: Trichodema tarixini o‘rganmasdan ushbu jins ustida izlanishlar olib

Tadqiqotlar shuni ko’rsatdiki transkripsiya nazorati ko’proq ikkilamchi o *%
X

> muvaffaqiyatlar kalitidir.Chunki Trichoderma ildizlari hisoblangan ko’pchilik ¢
¢ birikmalar o’rtacha va kuchli biologik faollikga ega. Ular orasida antimikrobiyal, £ ,’
antimikroalgal va saratonga qarshi faollik ko‘rsatadigan muhim moddalar @5
<. mavjud.Ushbu tabiiy mahsulotlarning salohiyatini baholash uchun dominant 3; *
bioaktivlikni ifodalaydi.Trichodermaning biokimyoviy tadqiqotlari hali qo'llanilmagan. Z;é%} ﬁ
P

% Trichodermadan ko'plab metabolitlar ajratilgan hamturlari bo'lsa, ushbu

¢ metabolitlarning keyingi tadqiqot ishlaridan natija kutishga arziydi. Ularning barqaror &, ’%

gen klasterlarini faollashtirish uchun yangi yondashuvlar, jumladan, yetishtirishga (2%
. asoslangan yondashuvlar, metabolomik profillash va genom qazib olishga asoslangan 39 :
molekulyar yondashuvlarni qo'llash orqali doimiy ravishda ko'payib borayotgan 7:
3 bioaktiv birikmalar olish mumkin,bu yaqin kelajakda yangi dori-darmonlarni kashf ¢#

: qilish uchun foydali bo'ladi.
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