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Annotatsiya:Plastik chigindilarining atrof-muhitda to‘planishi va ekotizimlarga ta’siri XXI
asrning eng dolzarb global ekologik muammolaridan biridir. Sintetik polimerlarning (PET,
PE, PP, PS) kimyoviy bargarorligi ularning tabiiy sharoitda parchalanishini yuz yillarga
ho‘zib yuboradi. Ushbu tadqiqotda plastik chigindilarini mikrobiologik va fermentativ
degradatsiyalash usullari, mikroorganizmlarning (bakteriya va zamburug‘lar) polimerlarni
parchalash mexanizmlari hamda ularning samaradorligi tahlil gilingan. O‘tkazilgan tahlillar
a adabiyotlar sharhi shuni ko‘rsatdiki, Pseudomonas, Bacillus hamda Ideonella sakaiensis
shtammlari va ulardan ajratilgan kutinaza hamda PETaza fermentlari polimer materiallar
massasini sezilarli darajada kamaytirish xususiyatiga ega. Mikrobiologik utillash plastik
ingiroziga qgarshi ekologik xavfsiz, bargaror va istigbolli yechim hisoblanadi.
Kalit so‘zlar: Plastik ifloslanish, mikrobiologik degradatsiya, polimerlar, Pseudomonas,
Bacillus, PETaza, fermentativ gidroliz, bioremediatsiya.
AHHoTanuA: HakomnieHre miacTUKOBBIX OTXOA0B B OKPYKAIOLIEH CPelie U UX BO3/ICHCTBHE
Ha 3KOCHUCTEMbI SABJIIACTCA O,Z[HOfI nu3 HaI/I6OJIee OCTPBIX FJIO621JIBHBIX SKOJIOTNYECCKUX
npobsiieM XXI Beka. Xumudeckass CTOMKOCTh cuHTeTH4eckux nonumepos (I19T, 19, T1I1,
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[1C) oOycnoBnMBaeT MEpHOA WX ECTECTBEHHOI'O DPA3JIOKEHUS B COTHH JieT. B maHHOM
HCCJICIOBAHUN TPOAHAIM3UPOBAHBI METOJBI MUKPOOHMOIOTHYECKOW U (DepMEHTATUBHOM
JIerpajalii  IUTACTUKOBBIX  OTXOJOB,  MEXaHW3Mbl  pACHICIUIEHUS  IOJMMEPOB
MUKpoOpraHu3dMamu (OakTepussMu W rpubamu), a Takke UX 3(PEPEeKTUBHOCTh. AHAIN3
nccaeaoBaHnid mokasan, uro mramMbel Pseudomonas, Bacillus u ldeonella sakaiensis, a
TaK)Ke BBIICJICHHbIE M3 HHUX (pepMeHTh KyTHHa3za u [1DTaza crmocoOHBI 3HAYUTEIHHO
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KarueBble cJjoBa: IlmactukoBoe 3arpsA3HCHUC, MI/IKp06I/IOHOFI/I‘{eCKa}I Acrpaaanu-d,
noaumepsl,  Pseudomonas, Bacillus, II9Ta3a, depMeHTaTUBHBIH  THAPOJIH3,
onopemMeauanus.

Abstract:The accumulation of plastic waste in the environment and its impact on
ecosystems represent one of the most pressing global environmental challenges of the 21st
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century. The chemical stability of synthetic polymers (PET, PE, PP, PS) delays their
natural decomposition for hundreds of years. This study analyzes microbiological and
enzymatic degradation methods for plastic waste, the mechanisms of polymer breakdown
by microorganisms (bacteria and fungi), and their overall efficiency. The review of studies
and experimental data demonstrated that strains of Pseudomonas, Bacillus, and Ideonella

sakaiensis, along with their isolated enzymes cutinase and PETase, significantly reduce the
mass of polymer materials. Microbiological recycling serves as an environmentally safe,
sustainable, and promising strategy to mitigate the plastic crisis.

Keywords: Plastic pollution, microbiological degradation, polymers, Pseudomonas,
Bacillus, PETase, enzymatic hydrolysis, bioremediation.
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KIRISH:Sintetik polietilen (PE), polietilentereftalat (PET), polipropilen (PP) va
polistirol (PS) kabi polimer materiallar yengilligi, mustahkamligi va arzonligi sababli
barcha sanoat tarmoqlarida keng qo‘llaniladi. Biroq, ushbu materiallarning tabiatda
parchalanishi juda sekin kechadi (100-500 vyil). Birlashgan Millatlar Tashkilotining Atrof-
muhit bo‘yicha Dasturi (UNEP) ma’lumotlariga ko‘ra, har yili dunyo bo‘yicha 350 million
tonnadan ortiq plastik chiqindisi hosil bo‘ladi va ularning atigi 9-10% qismigina gayta
ishlanadi.[1]
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Klassik utillash usullari — yogish (termik utilizatsiya) va poligonga ko‘mish atrof-
mubhitga jiddiy zarar yetkazadi. Yoqish jarayonida atmosferaga dioksinlar va issigxona
gazlari ajraladi, ko‘mishda esa mikroplastiklar tuproq hamda suv resurslarini ifloslantiradi.
Ushbu global ingiroz sharoitida bioremediatsiya — ya’ni mikroorganizmlarning
fermentativ faolligidan foydalanib polimerlarni zararsiz biomassa, karbonat angidrid (CO,)

va suvga (H,0) ajratish eng xavfsiz va samarali yo‘nalish sifatida e’tirof etilmoqda.
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Tadgiqot magqgsadi: Plastik polimerlarni  mikrobiologik degradatsiyalash

‘ samaradorligini baholash va ushbu jarayonda ishtirok etuvchi asosiy mikrobo‘g‘inlar
“ ~hamda fermentlarni tahlil qgilish.
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MATERIAL VA USULLAR: Tadgiqot doirasida plastik polimerlarni parchalash
bo‘yicha xalqaro tajriba va laboratoriya ma’lumotlari umumlashtirildi.

1. Mikroorganizm shtammlari va polimerlar

Tadgiqotda past zichlikdagi polietilen (LDPE) va polietilentereftalat (PET)
namunalaridan foydalanildi. Degradatsiya jarayoni uchun quyidagi shtammlar ajratib olindi
va o‘rganildi: [2-3]

10N
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. Bakteriyalar: Pseudomonas sp., Bacillus cereus, Ideonella sakaiensis.
. Mikroskopik zamburug‘lar: Aspergillus niger, Phanerochaete chrysosporium.
Pseudomonas sp Bacillus cereus
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Ideonella sakaiensis
2. Tajriba sharoiti va degradatsiyani baholash
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Oziqglantirish muhiti: Mikroorganizmlar yagona uglerod manbai sifatida fagat

plastik plyonkalari (LDPE va PET) bo‘lgan mineral tuzli muhitda (MSM - Mineral Salt
Medium) 30°C haroratda Inkubatsiya gilindi.

O‘Ichov usullari:

. Massani yo‘qotish (Gravimetriya): Polimerning dastlabki va tajribadan

Wo-wt
o X 100%)

. Morfologik analiz: Plastik yuzasidagi o‘zgarishlar Rastrli elektron
mikroskopiya (SEM) yordamida tahlil gilindi.

. Kimyoviy strukturani baholash: 1Q-fure-spektroskopiya (FTIR) yordamida
polimer zanjiridagi kimyoviy bog‘larning uzilishi aniglandi.

NATIJALAR:O‘tkazilgan tajriba va kuzatuvlar natijasida mikroorganizmlarning
plastik polimerlariga ta’siri bo‘yicha quyidagi doimiy dinamika ko‘rsatkichlari olindi:
Massaning kamayishi (Mass loss rate) 30 va 60 kunlik inkubatsiya davrida turli
mikroorganizmlar tomonidan polimer massasining yo‘qotilishi quyidagicha shakllandi:

keyingi quruq vazni o‘lchandi (W {loss} =

Mikroorganizm Polimer Inkubatsiya Massa Asosiy ajratilgan
turi turi vaqti yo‘qotilishi (%) ferment

Ideonella PET 30 kun 15.9% PETaza (PETase),
sakaiensis o0 MHETaza
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Yuzadagi bioparchalanish ko‘rinishlari (SEM analizi) SEM tahlillari shuni

ko‘rsatdiki, mikroorganizmlar plastik yuzasida faol biofilm hosil giladi. Inkubatsiyadan 30
kun o‘tgach, nazorat (ishlov berilmagan) namunalar yuzasi silliq bo‘lgan bo‘lsa,
Pseudomonas sp. va |. sakaiensis bilan ishlov berilgan plastik yuzasida chuqur mikro-
darzlar, g‘ovaklar va yemirilish o‘choqlari hosil bo‘ldi.[2-3]

FTIR spektroskopiyasi natijalari FTIR tahlillarida polimer zanjiridagi gidrofob
funksional guruhlarning kamaygani va yangi gidrofil guruhlar (karbonil -C=0 va gidroksil
-OH) paydo bo‘lgani kuzatildi. Bu esa fermentlar ta’sirida gidroliz jarayoni kechganini
isbotlaydi.

MUHOKAMA:Olingan natijalar plastik chigindilarini mikrobiologik parchalash
tabily sharoitga garaganda bir necha barobar tezroq kechishini tasdiglaydi.

. Parchalanish mexanizmi: Mikrobiologik degradatsiya 4 bosgichda kechadi:

1. Bio-korroziya (biofilm hosil bo‘lishi);

2. Bio-fragmentatsiya (ekzo-fermentlar ta’sirida polimer zanjirining kichik
monomerlarga bo‘linishi);

3. O zlashtirish (Assimilation) (monomerlarning hujayra ichiga kirishi);

4. Mineralizatsiya ($CO 2$, $H 20$ va biomassa hosil bo‘lishi).

. Boshqga tadqgigotlar bilan solishtirish: Mohanan va boshg. (2020) hamda
Yadav va boshg. (2025) ta'kidlaganidek, PETaza fermenti PET polimeridagi murakkab efir
bog'larini uzishda eng yuqori spesifiklikka ega. Shu bilan birga, Pseudomonas va Bacillus
shtammlari uzoq uglevodorod zanjiriga ega bo‘lgan polietilenni parchalashda yuqori natija
ko‘rsatmoqda.

. Cheklovlar va kelajakdagi vazifalar: Laboratoriya sharoitida erishilgan
parchalanish tezligi sanoat miqgyosida utillash uchun hali yetarli emas. Jarayonni
tezlashtirish uchun gen muhandisligi usullari orgali fermentlarning termostabil shakllarini
yaratish hamda mikroorganizmlar konsorsiumidan foydalanish talab etiladi.

XULOSA: Plastikning atrof-mubhitda to‘planishi va ekotizimlarni zararlashi global
migyosdagi biotexnologik va ekologik yechimlarni talab etadi. Mikrobiologik degradatsiya
va fermentativ gidroliz plastik chigindilarini gayta ishlashning ekologik xavfsiz va
istigbolli yo‘nalishidir.

Aynigsa, Ideonella sakaiensis (PETaza fermenti bilan) hamda Pseudomonas va
Bacillus shtammlaridan foydalanish polimer parchalanishini bir necha o‘n marotabaga
tezlashtirish imkonini beradi. Sanoat biotexnologiyasida ushbu usullarni keng tatbiq etish
kelajakda biosferani plastik ifloslanishdan tozalashda asosiy omil bo‘lib xizmat qiladi.
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