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Linh vue ky thuét dwec dé cap

Séng ché thudc linh vuce vi sinh vAt va cong nghé xt ly rac thai va bao vé moi
truong, cu thé 12 sang ché duge dé cap dén chung vi khuan Bacillus amyloliquefaciens

PVC7 duge phan 1ap c6 kha nang phan huy vat liéu polyme composit PVC/gypsum.
Tinh trang ky thuit cia sang ché

Do ¢6 tinh bén co hoc, nhua polyvinyl chloride (PVC) dugc Gmg dung rong rai
trong doi séng. Chting dugc sit dung dé ché tao nhiéu loai san phém thudc cac linh vuc
khéc nhau trong cong nghiép va dan dung nhu méi lop, tim dém ray duong sit, cap
dién, dd trang tri noi thét, 6ng ludn cap, 6ng nuge, khung ctra. PVC duge ché tao &
nhiéu dang, nhu vt liéu cung hodc dang vat liéu mém (Kowalska et al., The Use of
Phosphogypsum as a Filler for Thermoplastics, Part II: Phosphogypsum as a Filler for
Polyamide 6 and for PVC. Journal of Reionforced Plastics and Composites. 2022,
21(11): 1043-1052; Nadagouda et al., Novel thermally stable Polyvinyl Chloride
Composites for sulfate removal. Journal of Hazardous Materials. Vol. 188, 2011, pp
19-25; Nguyen, V.G et al., Surface modification of waste-gypsum fillers using stearic
acid in PVC/waste-gypsum composites. J. of Advanced Engineering and Technology.
2013, 6(3):199-207). Tuy nhién, do nhu cAu sir dung cac san pham lam tir nhua ngay
cang gia tang, bén canh l¢i ich mang lai, nhya PVC phé thai cling gdy anh huong dén
sic khoe cua con ngudi va moi truong sdng (Amobonye, A et al, Plastic
biodegradation: frontline microbes and their enzymes, Science of The T otal
Environment, 2021, 759, 14; Peng, B.Y et al., Biodegradation of Polyvinyl Chloride
(PVC) in Tenebrio molitor (Coleoptera: Tenebrionidae) larvae. Environment
International. 145, 2020). Nhua PVC khi gia cong thuong dugc phéi tron voi nhiéu
phu gia nhu chit hoa déo, chat don vo co dé dam bao kha nang gia cong va gia cuong
co tinh. Do do, vat liéu nay co ty 1€ tai su dung thép hon céc loai nhua ho polyolefin.
Trén thuc té, phuong phap lua chon dé xu 1y réc thai tr loai nhua nay thuong dugc lua

chon Ia chon lap trong tu nhién hogc thiéu d6t gy anh hudng tiéu cuc dén moi truong
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song va strc khée con ngudi. Nhuge diém cia ca hai phuong phdp nay la ton kém do

tiéu ton nang luong va gdy 0 nhiem thtr cap téi moi truong.

Réac thai nhua no6i chung, trong dé dic biét 1a hop chat PVC sau thoi gian dai
chon 14p ciing rat kho bi phan hity sinh hoc ma thuong chi ¢6 thé bi phén ra hoa Iy mot
phén, tao thanh cdc manh nhua hodc vi nhua ¢6 kich thuéc nho. Hat vi nhya c6 thé
ngdm tir bai chdn lap vao ngudn nudce ngim gy 6 nhiém ngudn dét, nude va moi
trudng bién. Cac khi doc thai ra trong qué trinh thidu dbt rac thai nhya phai ké dén la
CO,, CFC (chlorofuorocarbon), vinyl monome va dioxin lam & nhi€ém khong khi va
mbi trudng. Dioxin khong chi anh hudng dén hé théng mién dich va noi tiét ma con
gdy ra cac bénh ung thu & nguoi (Giacomucci, L., Raddadi, N., Soccio, M., Lotti, N.,
Fava, F., 2019. Polyvinyl chloride biodegradation by Pseudomonas citronellolis and
Bacillus flexus”, New Biotechnology, 52, pp.35-41; Aji, M.M et al., 2020. Biopolymer
(gum arabic) incorporation in waste polyvinylchloride membrane for the enhancement
of hydrophilicity and natural organic matter removal in water”. Journal of Water
Process Engineering, 38, 101569). Do dd, viéc lya chon cdc phuong phap xtr ly rac

thai nhwa phi hop, an toan va than thién v6i moi truong 1a can thiét.

Vit lidu composit két hop PVC va thach cao phé thai (gypsum) da duge quan
tAm nghién ctu tir 1au v6i y tudng tan dung thach cao lam chat gia cudng cho nhua
nén PVC. Vit liéu nay thudng chia PVC, dioctyl phathalate (DOP) va gypsum, trong
d6 gypsum 1a hat thach cao phé thai dugc tao thanh trong qua trinh san xudt axit
phosphoric theo phuong phap trich ly tir axit sulfuric va quang phosphat. Gypsum co
thanh phan chinh bao gdm CaSO, ngdm nuée, CaSO, khan va phosphat vé6i kich thudce
cac hat ¢6 kich thude nho hon 50 um. Luong gypsum dugc thai ra hang nam trén thé
gidi khoang hon 150 triéu tn. Tai Viét Nam, méac du chua c6 s liéu théng ké déy du,
nhung lwong phé thai gypsum chiém mot dién tich 16n & cac bai chira, dat rudng, gy 6
nhiém méi trudong, anh hudéng t&i ngudn nude va khi quyén cac ving 1an can. Mac du
phan hiy sinh hoc nhya rac thai la hudng nghién ciru dang duoc quan tdm, nhung céc
nghién ctru phan hay sinh hoc vt liéu polyme composit trén co s¢ nhua nén PVC gia

cudng boi hat gypsum phé thai v6 co van chua dugc cong bo.

Vi dic trung ciu tric hoa hoc ¢6 nhém C-Cl, nhwa PVC ¢6 kha ndng phan hity

sinh hoc chdm hon nhya polyethylen va polypropylen (Almond, J., Sugumaar, P,

Wenzel, M.N., Hill, G., Wallis, C., 2020. Determination of the carbonyl index of
2
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polyethylene and polypropylene using specified area under band methodology with
ATR-FTIR spectroscopy. e-Polymers. 20 (1): 369-381; Chernikova T., Bargicla R.,
Toshchakov S., Shivaraman V., Lunev EA., Yakimov Thomas D.N., Golyshin P.N.,
2020. Hydrocarbon-degrading bacteria Alcanivorax and Marinobacter associated with
microalgae Pavlova lutheri and Nannochloropsis oculate. Font Microbiol. 11, 572931).
Bén canh d6, luong phu gia trong don vét li¢u thanh ph?m cua PVC ludn da dang hon
nhua c6 ngudn gbe polyolefin, dic biét 1a ham lugng chit hoa déo cao va ludn can ¢6
chit don v co nhu hat gypsum, CaCOs, tale, v.v. (duge goi la vt liéu nhya PVC) dé
gia cudng tinh chat. Phuong phap phan hity bing cach bd sung vi sinh vat c6 kha ning
phan huy vat liéu nhya PVC nham thtc day qua trinh phan hiy sinh hoc loai nhya nay
rt phtc tap, can nhiéu thoi gian. Hang nam, trén thé gidi, nhu cdu san xuit cac san
pham cong nghiép va dan dung tir vt liéu nhua PVC dung hang thtr 3 trong tong sb
cac loai nhua duge ché tao (chi sau nhua polyethylen va polypropylen), diéu nay cho
thdy rac thai, phé liéu tir vat liéu nhwya PVC rat 16n. Do d6, phat trién huéng nghién
ctru phan huy sinh hoc véi ddi tugng vat lidu nhwa PVC gia cudng la cap thiét. Vi uu
diém an toan va than thién véi moi trudng, phuong phép nay hién dang thu hat duge

su quan tam nghién ctru ctia cac nha khoa hoc trén thé gioi.

Tuy vay, do dac tinh tro nén rét it ching vi sinh vat cé kha nang st dung vat li€u
PVC néi chung va PVC gia cudong thach cao phé thai néi riéng lam ngudn cacbon dé
sinh trudng va phat trién, tir 4o ¢6 thé phan hay duge vat liéu nay. Hon nita, kha nang
sir dung PVC gia cudng thach cao phé thai nhu ngudn cacbon duy nhét ciia cac chiing
vi sinh vét khac nhau 1a khong gidng nhau. Vi vy, dé cé thé x{r 1y ra thai nhua theo
huéng phan hiy sinh hoc thi diéu kién tién quyét 1a phai phan lap, tim ra cac chung vi
sinh vat c¢6 kha nang str dung PVC gia cudng thach cao phé thai nhu ngudn cacbon
duy nhét dé co thé phan hiy PVC gia cuong gép phan vao xir ly réc thai nhua polyme

composit bao v¢ moi truong.
Ban chat ky thuat cia sang ché

Séng ché nham giai quyét cac van dé néu trén, cu thé 13 sang ché nham hudng
dén viéc xu 1y rac thai nhua, cu tha 13 cac rdc thai tir vat liéu polyme composit
PVC/gypsum theo phuong phap vi sinh nhdm thic day qua trinh phan hiy sinh hoc.
Séng ché dya trén cic vi sinh vét c6 kha ning phan hity rdc thai nhya thanh cdc san
pham nhu CO, va H,O (st dung vi sinh vat hiéu khi) hay CO,, H,O va CH, (vi sinh

3
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vat ky khi). Do d6, sang ché dé xuét dén viéc phan 1p cac chung vi sinh vt c6 kha
nang phan hiuy vat liéu polyme composit PVC/gypsum, cu thé 1a sang ché dé xuit
chung vi khuan Bacillus amyloliquefaciens PVCT duge phan 1ap c6 kha ning sir dung
composit PVC/gypsum nhu co chit dé sinh truong va phét trién cho phép phan giai

hiéu qua vt liéu composit PVC/gypsum tng dung trong xu ly rac thai nhua.

Sang ché dé cap dé ching vi khuén Bacillus amyloliquefaciens PVC7 dugc phan
1ap ¢6 trinh tu 16S rADN néu trong SEQ ID NO.1 dugc ding ky trén ngan hang gen
(GenBank) véi sb hiéu truy cap 1a SUB 13936938 Bacillus OR751609, trong d6:

- chiing vi khudn nay 1a ching vi khudn hiéu khi, gram duong, sinh bao tir, khuan
lac c6 mép gon, hoi 161, mau tréng duc ¢6 kich thudce tr 2 dén 3 mm, duoc luu gilt tai

phong Vi sinh vat dau mo, Vién Cong ngh¢ sinh hoc, Viét Nam vé1 sb luu gitr PVCT7;

- ching vi khuan nay c6 kha ning st dung vat liéu polyme composit
PVC/gypsum nhu ngudn cacbon duy nhét va cho phép phan huy vat liéu polyme
composit PVC/gypsum véi ndng do 18n t6i 10 g/l trong thoi gian tir 4 dén 12 tudn ¢
didu kién nhiét d6 30°C, pH=7.

Theo mdt khia canh wu tién, trong d6 vi khuan Bacillus amyloliquefaciens PVCT
duoc phan 1ap nay dugc luu giit trong didu kién moi trudng khodng MSM véi glycerol
20% c6 bd sung vat lidu composit PVC/gypsum nhu ngudn cacbon duy nhit va ching

duoc luu trong didu kién nhiét do dong sau -30 hodc -80°C trong moi truong hiéu khi.

Ngoai ra, sang ché con d& cap dén phuwong phap nudi cdy lam giau, phan lap,
sang loc tuyén chon cac chung vi khuan c6 kha ning phan hiy vat liéu composit
PVC/gypsum, trong d6 miu vi sinh vat dugc nudi cay phan 1ap trén mdi truong MSM
¢6 bd sung PVC/gypsum nhu ngudn cacbon duy nhit dé sinh truéng va phat trién, sau
d6 thu khudn lac hinh thanh va tuyén chon ching c¢6 kha ning phan giai vat liéu

composit PVC/gypsum tot nhat.

Séng ché ciing dé cap dén phuong phép xir ly rac thai chira vat liéu composit
PVC/gypsum, trong d6 phuong phdp nay bao gdm budc hoat héa chimg vi khuén
Bacillus amyloliquefaciens PVC7 theo sang ché, va bd sung ching vi khudn nay vao
khu vue réc thai chira vat liéu composit PVC/gypsum can xir Iy dé chung vi khudn nay
str dung vat liéu composit PVC/gypsum lam ngudn co chat dé sinh trudng, tir d6 xu ly

duoc rac thai nay.
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M@ ta vin tit cdc hinh vé

Hinh 1 1 hinh anh hinh thai khuén lac cta ching vi khuan PVC7 trén moi truong
thach MSM b sung composit PVC/gypsum nhu ngudn cacbon duy nhit sau 14 ngay
nudi cay.

Hinh 2 [& hinh anh hinh thai khuén lac cta ching vi khuan Bacillus

amyloliquefaciens PVCT trén moi truong dinh dudng hiéu khi.

Hinh 3 1a hinh 4nh hinh thai té bao cua chung vi khudn Bacillus
amyloliguefaciens PVCT dudi kinh hién vi dién tir quét (SEM).

Hinh 4 13 hinh anh san phdm PCR trinh ty 16S rADN ciia ching vi khuan
Bacillus amyloliquefaciens PVCT.

Hinh 5 13 hinh anh vat liéu composit PVC/gypsum ddi chtmg (khong bd sung vi
khudn) sau 12 tudn duéi kinh hién vi dién tir quét (SEM).

Hinh 6 1a hinh anh vét liéu composit PVC/gypsum bi phan hay béi ching vi
khudn Bacillus amyloliquefaciens PVC7 sau 4 tudn xir ly du6i kinh hién vi dién tir

quét (SEM).

Hinh 7 la hinh anh vat liéu composit PVC/gypsum bi phan huy béi ching vi
khuén Bacillus amyloliquefaciens PVC7 sau 12 tuan xu ly dudi kinh hién vi dién tir
quét (SEM).

Hinh 8 1a hinh anh phd FT-IR cta cic mau composit PVC/gypsum ddi ching
(khong bd sung vi khudn) (A) va miu thtr nghiém (b6 sung ching B.
amyloliquefaciens PVCT7) (B) sau 12 tudn xtr Iy.

Hinh 9 1 hinh anh phd 'H-NMR cta mau composit PVC/gypsum dbi chung
(khong bd sung vi khuin) sau 12 tuan.

Hinh 10 12 hinh anh Phd "H-NMR cta cac miu polyme composit dbi ching va
thir nghiém sau 12 tuan.

Mo ta chi tiét sang ché

Dé phan 1ap ching vi khuin cé kha ning phan hily composit PVC/gypsum, mau

nudce va mau bun thu duge tir cac viing 6 nhiém rac thai nhya ven bién duogc st dung

dé lam giau vi khuan phan hity composit PVC/gypsum. Mdi trudng st dung 1 moi
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trudng khodng MSM bd sung tir 0,1 dén 1% (w/v) twong duong voi tir 1 dén 10 g/l
composit PVC/gypsum (mdi trudng composit PVC/gypsum-MSM). Mot ml mau nude
hodc 1 g mau bun dugc pha lodng vao 9 ml mudi sinh 1y. Sau d6 3 ml dich miu pha
loang duge bd sung vao 100 ml moi trudng bb sung composit PVC/gypsum - MSM,
pH=7 va duoc nuéi lic 180 vong/phut & nhiét d6 30°C. Sau 3 tudn nudi ldc, tiép tuc

ciy chuyén vao moi trudng composit PVC/gypsum- MSM méi thém 2 an.

Dich nudi cdy sau 9 tuan lam gidu dugc pha loang t&i ndéng do phu hop va gat
trén mdi trudong thach dinh dudng hiéu khi va duoce nudi cdy & 30°C trong thoi gian tir
2-3 ngay. Céc ching vi khudn thudn khiét co khudn lac riéng vé6i cac hinh thai khac
nhau trén moi trudng thach dinh dudng hiéu khi duge giit & nhiét d6 -80°C trong dich

glycerol 20% (v/v) cho céc nghién ctu tiép theo.

Céac khuén lac thu duoc trén moi truong thach dinh dudng hiéu khi sau khi lam
giau tiép tuc dugce nudi cdy trén moéi trudong thach khoang MSM bd sung 0,3 % (w/v)
tuong duong 3 g/l bot composit PVC/gypsum. Cac chung c6 kha ndng sinh trudng va
phat trién trén moi truong thach composit PVC/gypsum - MSM dugce lua chon.

Dé danh gia kha ning sinh truéng va phan hity composit PVC/gypsum ctia céc
chung vi khuan sau khi sang loc trén méi trudng thach composit PVC/gypsum - MSM,
tién hanh nudi lic cac chung vi khuan thu dugce trong binh tam gidc 500 ml chira 100
ml mdi trudng khoang MSM bd sung 3% (w/v) bot composit PVC/gypsum va 2%
(v/v) dich nudi cdy trong 18 dén 24 gid. Sau khi ly tdm thu hoi sinh khéi va rira 2 1an
bing mdi truong MSM khéng chira composit PVC/gypsum dé dat duoc mét do ban
dau khoang 10* CFU/ml.

Thir nghiém sang loc duoc tién hanh ¢ 30°C, 180 vong/phut trong 12 tuan. Kha
ning sinh trudng cta cac ching vi khudn nghién ctu duoc xac dinh théng qué sb
luong khudn lac (CFU/ml) 2 tudn/lan trén moi trudong thach dinh duéng. Ching vi
khuén c6 kha nang sinh trudng va phat trién t8t nhit s& duoc lua chon dé xéac dinh dic
diém phén loai va danh gia kha nang phan hiy composit PVC/gypsum.

Két qua thu dugc khuan lac dugc danh sb PCV7, ching vi khuin nay dugc nhan,
kiém tra trinh ty gen ma hoéa 16S-rARN ciia ching vi khuan PVC7 bing phan Gng
PCR tir ADN téng s6. Cap mdi duge str dung 1a cdp mdi 27F (5 AGA GTT TGA
TCM TGG CTC AG 37) va 1492R (5° TAC GGY TAC CTT GTT ACG ACT T 37)

6
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theo chu trinh nhiét: 95°C trong 3 phut, 35 chu trinh (95°C trong 30 gidy, 55°C trong
45 gidy, 72°C trong 90 gidy), 72°C trong 10 phiit, gitt mau & 4°C.

San pham ctia phan tmg PCR ctia chiing PCV7 dugc phan tich trén may doc trinh
tu ABI PRISM 3100-Avant Genetic Analyzer (Applied Biosystems, Foster City, CA,
USA). Két qua giai trinh tw gen hai chiéu dugc kiém tra bing phan mén phan tich
BioEdit. Mirc d6 tuong déng gen 16S rARN ctia chiing nghién cru dugc so sanh véi
cée trinh tu gen 16S rARN trong Genbank bang cong cu BLAST trén NCBI. Két qua
cho thdy trinh tu 16S ARN néu trong SEQ ID NO.1, ching nay thudc loai vi khuan

Bacillus amyloliquefaciens, chung nay dugc dat la Bacillus amyloliquefaciens PVCT.

Sang ché dé cap téi ching vi khuan Bacillus amyloliquefaciens PVC7 dugc phan
lap tir nuéc 6 nhiém réc thai nhua tai ven bién tai Phu Qudc, Viét Nam thu duogc &
trén. Chung nay ¢6 trinh tu 16S rADN déang ky trén ngan hang gen (GenBank) véi 36
hiéu (accession number) la SUB 13936938 Bacillus OR751609.

Chung vi khuan B. amyloliquefaciens PVC7 duge phan 1ap tir mau nude 6 nhiém
rdc thai nhua ven bién Phu Qudc, Viét Nam trén moi truomg khoang MSM dang dich

va thach agaroza. Moi truong MSM phan 1ap duoc thé hién trén Bang 1 bén dudi.

Bang 1. Moi truong phén 14p vi khuan c6 kha nang phan hity composit PVC/guysum

Thanh phén (g/1) Khoang (MSM) | Dinh dudng hiéu khi
NHyNO; 1 2
KH,PO, 0,5 1
K,HPO, 0,5 -

MgS0,.7H,0 0,5 -
NaCl 20 20
KCl - 0,25
MgCl, - 1,2
ZnS0,.7H,0 0.002 -
FeSO4.H,0 0.002 -
Glucoza - 1
Pepton - 5
Cao nAm men - 0,2
Cao thit - 3
Composit PVC/gypsum 1-10 -
Thach aga 15 18
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H,O khtt ion

1000 ml

1000 ml

pH

7

7
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Didu kién phan 1ap ¢6 bd sung vat liéu composit PVC/gypsum. Céc ching vi
khuén dugc phan lap, tuyén chon dua trén kha nang st dung PVC/gypsum dé sinh
trudng va phat trién. Céc ching vi khuén duoc lua chon dua trén kha ning phét trién
khuén lac, sau d6 chon cac khuén lac ¢ kha nang sinh trudng tdt nhét. Céc khuén lac
duoc danh gig kha ning phat trién va dinh danh bang phan tich trinh tw 16S rARN. Két
quéa phan lap duoc ching vi khuan Bacillus amyloliquefaciens PVCT ¢6 trinh ty 16S
rARN néu trong SEQ ID NO.1, ching vi khuan nay kha ning phat trién tot nhat trong
moi truong dinh dudng hiéu khi dang dich va thach. Kha ning phat trién trong 12 tudn
ctia chung vi khuan Bacillus amyloliquefaciens PNVC7 dugc phan 1ap ndy c¢6 kha ning

phat trién nhu néu trong Bang 2.

Béang 2. Kha ning sinh trudng va phat trién cua ching vi khuan PVC7 trén moi truong

khoang MSM bb sung composit PVC/gysum trong 12 tuan nudi cay

Chung | Mat d6 trong moi truong composit PVC/gypsum - MSM (CFU/ml)
vi khuén Oh Tuin2 | Tuin4 | Tudn6 | Tudn 8 | Tudn 10 | Tudn 12
PVC7 | 23x10* | 8,8x10*| 2x10° | 1,7x10°|3,9x10° | 5,4x10° | 5,2x10°

Thir nghiém nudi ching vi khuén Bacillus amyloliquefaciens PVC7 dugc phan
lap trén mai truong khoang MSM bb sung composit PVC/gypsum nhu ngudn cacbon
duy nhét cho thdy chung vi khuin c¢6 kha nang sinh truéng tét trong 12 tudn nudi ciy

thir nghiém.

Chung vi khuan Bacillus amyloliquefaciens PVC7 dugce phan 1ap nay la ching vi
khudn hiéu khi, gram dwong, sinh bao tir, khuén lac c6 mép gon, hoi 16i, mau tring duc
¢6 kich thuge tir 2 dén 3 mm. Chuang vi khuan nay duoc luu gitt tai phong Vi sinh vat

diu mo, Vién Cong nghé sinh hoc, Viét Nam véi s luu gitt PVC7.

Chuang vi khuan Bacillus amyloliquefaciens PVCT nay c6 kha nang st dung vat
liéu polyme composit PVC/gypsum nhu ngudn cacbon duy nhat va cho phép phan huy
vat liéu polyme composit PVC/gypsum v6i ndng do 1én téi 10 g/l trong thoi gian tir 4

dén 12 tudn & diéu kién nhiét d6 30°C, pH=7.
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Chung vi khudn Bacillus amyloliquefaciens PVCT dugc phan 18p ndy dugc luu
gilr trong didu kién mai truong khoang MSM véi glycerol 20% ¢6 bd sung vat liéu
composit PVC/gypsum nhu ngudn cacbon duy nhat va ching dugc luu trong diéu kién
nhiét d6 dong sau -30 hodc -80°C trong moi truong hiéu khi tai phong Vi sinh vat dau
mo, Vién Cong nghé sinh hoc, Viét Nam, 18 Hoang Quoc Viét, Cau G1ay, Ha Noi,
Viét Nam.

Ngoai ra, sang ché con dé cap dén phuong phap nudi chy lam giau, phan lap,
sang loc tuyén chon cic chung vi khudn c6 kha nang phén huy vat liu composit
PVC/gypsum. Trong do mau vi sinh vat dugc nudi céy phan 1ap trén moi truong MSM
¢ bd sung PVC/gypsum nhu ngudn cacbon duy nhét dé sinh truéng va phat trién. Sau
d6 thu khuin lac hinh thanh va tuyén chon ching c6 kha nang phan giai vat li¢u

composit PVC/gypsum t6t nhat.

Séng ché ciing d& cap dén phuong phap xu ly rac thai chua vat liéu composit
PVC/gypsum. Trong do phuong phéap nay bao gdm budc hoat hoa chung vi khuan
Bacillus amyloliquefaciens PVCT theo sang ché. Sau do bd sung chung vi khuin nay
vao khu vuc rac thai chua vat liéu composit PVC/gypsum can xu 1y dé chung vi khuén
nay su dung vat licu composit PVC/gypsum lam ngudn co chit dé sinh trudng, tir do
xtr ly duge rac thai nay.

Vi du thwe hién siang ché

Vi du 1: Phén lgp ching vi sinh vit c6 khi ndng phin gidi rdc thai nhwa tic mau

nwée 6 nhiém rdc thii nhwa ¢ ven bién

MU nude va bin 6 nhidm composit PVC/gypsum dugc thu thap ti nude 6 nhiém
rac thai nhua & ven bién Phit Qudc, Viét Nam. Cac miu nuée va bun 6 nhiém duge lay
bang dung cu chuyén dung duoc vo trung. MaAu dugc giit lanh va duge phan tich trong
vong 24 gio.

Ma2u maiu bun va nude 0 nhiém rac thai nhya ¢ ven bién duogc duoc bd sung vao
mdi trudong khoang MSM chira bot composit PVC/gypsum v6i ham lugng khac nhau.
Sau 3 tuan, 3 ml dich lam giau tiép tuc dugce cy chuyén 2 1an vao 100 ml mdi truong
composit PVC/gypsum-MSM m&i. Sau 9 tudn lam gidu trén moi truong composit
PVC/gypsum-MSM, dich nudi cdy duge pha lodng rdi gat trén moi truong thach dinh

dudng.
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Céac ching vi khuén da phan lap tiép tuc duge sang loc trén moi truong thach
composit PVC/gypsum - MSM. Trong sé cac ching phan 1ap dugc, chi co mot sO it
ching ¢o thé sinh truéng va phat trién duoc trén moi truong thach composit
PVC/gysum - MSM. Hinh thai khudn lac cua céc chung trén moi truong thach
composit PVC/gypsum-MSM sau 14 ngay nud1 ciy nho, tron va c6 mau tring duc nhu

thé hién trén Hinh 1.

Céc khuan lac mau PVC7 thu duge tir moi truong composit PVC/gypsum-MSM
duge chy ria trén moi trudng dinh dudng hieu khi @& x4c dinh hinh thai khuan lac va
bao quan trong moi truong MSM bd sung composit PVC/gypsum voi 20% (v/v)

glycerol & -30°C va -80°C cho cdc nghién cliu tiép theo.

Vi du 2: Ddnh gid dic diem hinh thdi khudn lac va té bao ciia chiing vi khuan

PVC7

Dic diém hinh thai khuan lac ctia ching vi khuin PVC7 trén moi trudong dinh
dudng HKTS sau tur 1 dén 2 ngay nudi cly duoc thé hién & Hinh 3. Dya trén hinh thai
va ddc tinh sinh truong cho théy chung PVC7 1a vi khuan hiéu khi, gram duong, ¢
bao tir, trén moi trudng dinh dudng hiéu khi, ching PVC7 ¢6 mép gon, hoi 161, bong
udt, tréng duc, kich thuéce tir 2 dén 3 mm. Tuy nhién, sau 3 ngay nudi céy bé mit

khuan lac trdé nén kho.

Tién hanh ly tdm 5000 vong trong 10 phut dich nuoi cdy chtra ching PVC7 sau
tir 18 dén 24 gio nudi cdy. Hut bo pha trén va thu sinh khéi. B sung 0,5 ml dung dich
¢6 dinh miu glutaraldehyt 2,5% trong 60 phut va tron déu bang pipet. Sau do rtra 03
lin bing dung dich dém phosphat 0,1M, pH7. Mau dugc sy kho, pht Pt, dua lén kinh
SEM (HITACHI, S - 4800, Nhét Ban) quan sat va chup anh mau.

Két qua hinh anh chup trén kinh hién vi dién tr quét (SEM) thé hién trén Hinh 4
cho théy té bao cta ching PVC7 ¢o dang hinh que déc trung cho cac loai thudc chi

Bacillus, kich thuge 1 X 2pm.

Vi du 3. Ddanh gid khd nang sw dung composit PVC/gypsum nhu nguén cacbon duy

nhit ciia chiing PVC7

Cac ching vi khuin sinh truéng va phat trién duoc trén mdi truong thach

composit PVC/gysum-MSM lai tiép tuc duoc sang loc dua vao kha ndng sinh truong

10
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va phat trién cua tung ching trong moi truong dich MSM bd sung 0,3 % (W/v) bot
composit PVC/gypsum ham luong 3g/1 nhu ngudn cacbon duy nhét sau 12 tuan nudi
céy. Kha nang sinh truong cta cac ching vi khuén nay sau 12 tudn nudi cdy duge xac
dinh bing sé lwong vi khuén (CFU/ml) trén mdi truong thach dinh dudng hiéu khi, két
qua ¢ Bang 3 thé hién s6 lugng ching PVCT7 trong 12 tuén thtr nghiém.

Bang 3. Khé ning sinh truong va phat trién cua chung vi khuan PVC7 trén mdi truong

khoang MSM bd sung composit PVC/gysum trong 12 tudn nudi cay

B Ching | Mat dg trong moi trudong composit PVC/gypsum - MSM (CFU/ml)

vi khuén Oh Tuin 2 Tuén 4 Tuan 6 Tuan 8 Tuan 10 Tudn 12
PVC7 23%10" | 8,8x10°* 2x10° \1,7x106 3,9%10° | 5,4x10° 5.2x10°

o

Két qua ¢ Bang 3 cho thdy, ching vi khudn PVC7 c6 kha nang sinh trudng va
phat trién tét trong moi truong MSM bd sung composit PVC/gypsum nhu nguon
cacbon duy nhat. S lugng té bao chung PVCT7 ting cham tur thoi didm ban diu dén
sau 2 tuin thtr nghiém. Tuy nhién, tur tuan thtr 2 tro di, chang PVC 7 sinh truong va
phat trién tét voi s6 luong tang tir 8,8 X 10* (sau 2 tuan) dén 5.4 x 10° CFU/ml (sau 10
tudn thtr nghiém). Tuy nhién, s6 luong chung PVC7 ¢6 xu hudng can bang sau 12 tuan

thir nghiém.

Do sinh truéng va phat trién tét trong moi truong khoang bd sung composit
PVC/gypsum nhu ngudn cacbon duy nhéat, ching PVC7 dugc lya chon dé x4c dinh dac
diém phan loai qua hinh thai t& bao, khuén lac va phén tich trinh tu gen 16S rARN va
danh gia kha nang phan huy composit PVC/gypsum thong qua phuong phap SEM (xac
dinh hinh thai cAu trac vat liéu polyme composit PVC/gypsum), phén tich quang phd
hdng ngoai (FI-IR) va phan tich cong hudng tlr hat nhan proton (‘"H-NMR).

Vi du 4: Xdc dinh vi tri phan logi ciia chiing PVC7 dwa trén trinh tw gen 16S rARN
ADN tong s6 tur dich nudi cdy chung vi khuén PVC7 dugc phan 1ap sau tir 18 dén
24 gidr duge tach bang Kit ctia hang Thermo scientific, M (Thermo Scientific Genelet
Genomic DNA purification Kit).
Sinh khéi té bao ching PVC7 & pha log sau 24 gio' nudi cdy duge ly tam 5000

vong/phut trong 10 phut, sau do cac thao tac duge tién hanh cu thé theo hudng dan cta

11
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nha san xut. San phém ADN sau khi dugc tach dugc st dung khuéch dai cac doan

gen trong phan ung PCR.

Gen mi hoa 16SrARN cua chung PVC7 duoc khuéch dai bang phan tng PCR tur
ADN tdng s6 st dung cdp mdi va chu trinh nhiét nhu trong phan Mb ta chi tiét sing
ché. San phdm PCR cua gen 16S rARN (1500 bp) dugc thé hién trén Hinh 4. San
pham dién di dugc tinh sach bang Kit cua hang Thermo scientific, My (Thermo
Scientific GeneJet Gel Extraction Kit). San phim cta phan Gng PCR dugc phén tich
trén may doc trinh tw ABI PRISM 3100-Avant Genetic Analyzer (Applied Biosystems,
Foster City, CA, USA). Muc do tuong ddng gen 16S rRNA cua ching nghién ciu
duoc so sanh voi cac trinh tw gen 16S rARN trong Genbank bang cong cu BLAST trén
NCBIL

So sénh trinh ty gen cho thiy, chung PVC7 gan gii nhét voi ching Bacillus
amyloliquefaciens BA17 (MH891764.1) v6i do tuong ddng khi so sanh trinh tu cua
16S tADN 1426 bp 1a 99,79 %. Dua trén cac phén tich v& trinh tu gen, ching PVC7
dwoc dinh danh 13 Bacillus amyloliquefaciens PVCT. Poan 16S rADN dé phan tich
trinh tu va dugc dang ky tai ngén hang gen (GenBank) NCBI v6i sb dang ky
(accession number) cta trinh tu 1a SUB 13936938 Bacillus OR751609.

Vi du 5: Ddnh gid kha ndng phan hily vit liéu composit PVC/gypsum clia chung vi

khudn B. amyloliquefaciens PVC7

Kha nang phan huy vat lieu composit PVC/gysum cia chung B.
amyloliquefaciens PVCT dwoc danh gia thong qua viéc str dung vat liéu nay nhu (A)
ngudn cacbon duy nhat nhu trong Vi du 3 va su bién ddi céu trac cta vat liéu composit
PVC/gypsum nay dugc quan sat (B) dudi kinh hidn vi dién t quét (SEM); (C) phan
tich quang phd hong ngoai bién dbi Fourier (FT-IR); va (D) phan tich cong hudng tu
hat nhan proton (1H-NMR).

Hinh thai cAu tric cia compoist PVC/gypsum dudi kinh hién vi dién tor quét
(SEM): kha nang phan hay compoist PVC/gypsum cta chang B. amyloliquefaciens
PVC7 da duoc nghién ciu sau 12 tudn nuoi lac trén mdi trudng bd sung compoist
PVC/gypsum-MSM dugc thé hién cac Hinh 5-7. Két qua cho thiy, bé mat vat liéu
compoist PVC/gypsum cua mau dbi ching (khong bd sung vi khudn) sau 12 tuan gan

nhu cOn nguyén ven, hinh thai hoc bé mat cla mau kha phang. Trong khi do, mau thtr

12
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nghiém (xu ly v6i chung B. amyloliquefaciens PVCT7) co su bién ddi rd rét, trén bé mat
mAu xuit hién rat nhidu céc héc 16 va xép vat liéu nhu thé hién trén Hinh 8 (sau 4 tuan
xir 1y) va Hinh 9 (sau 12 tuan xt 1y). Két qua nay chung to chung vi khuan B.
amyloliquefaciens PNCT 6 kha nang phan hiy vat liéu composit PVC/gypsum. Hinh
8 cho thiy phé FT-IR cta cdc mau composit PVC/gypsum dbi ching (khong b6 sung
vi khuén) (A) va mau thi nghiém (b6 sung chung B. amyloliquefaciens PVC7) (B) sau
12 tuan xu ly. Hinh 9 cho thy phé hdng ngoai FT-IR cua mau composit PVC/gypsum
dbi chimg (khong b6 sung ching vi khudn) va mau thi nghiém (xir 1y voi chung B.
amyloliquefaciens PVCT7) sau 12 tudn. Qué trinh phén huy nay tap trung vao hai thanh
phan chinh ctia vét ligu composit PVC/gypsum, d6 1a PVC va gypsum.

Su so sanh gitta phd clia mau dbi chimg (Hinh 8) va mau tht nghi¢m (Hinh 9)
cho thiy su bién doi trong cac pic phé dac trung cla vat ligu nay. Trong ca hai truong
hop, quan sat dugc su hién dién cta pic co dac trung. Cu thé, tai pic 2959 cm’! biéu thi
nhém CH, trong PVC. Ngoai ra, ¢ su mé rong cia vung pic trong khoang 2850-3000
cm™’, ¢o thé giai thich bang su xudt hién ctia cac mach aliphatic trong cAu trac DOP va
cac dao dong dic trung ctia nhom ester (C=0 ester) ¢ khoang 1720 cm™. Ngoai ra,
cling quan sat cdc pic biéu thi cac nhom CH,-Cl bién dang & 1460 cm’', CH-CI bién
dang goc & 1257 em”, C-H & 959 em’, va lién két C-Cl ¢ 832, 692 va 610 cm’”
(Kulkarni, R.K., Moore, E.G., Hegyeli, AF., Leonard, F., 1971. Biodegradable poly
(lactic acid) polymer. J. Biomed. Mater. Res. 5, 169-181; Park, E., Park, B., Kim, Y.,
Canlier, A., Hwang, T-S., 2018. Elimination and Qubstitution Compete During
Amination of Poly(vinyl chloride) with Ehtylenediamine: XPS Analysis and Approach
of Active Site Index. Macromolecular Research. 26. 10.1007/s13233-018-6123-7;
Khandare, S.D., Chaudhary, D.R., Jha, B., 2021. Bioremediation of polyvinyl chloride
(PVC) films by marine  bacteria.  Marine  Pollution Bulletin.  169.
10.1016/j.marp01bu1.2021.112566.

Khi xem xét su thay ddi cuong do pic va su chuyén d6i budc song xay ra do qua
trinh phéan hay sinh hoc do chung B. amyloliquefaciens PV(C7 tac dong 1én thanh phan
hitu co nhu PVC va DOP ¢6 trong vat liu, ta thay sy mo rong vung cua hydroxyl (-
OH), phéan huy c4t ngin mach xay ra dong thoi gia ting nhom gia ting cuong do cua
nhom cacbonyl. Pidu nay dan dén thay d6i cuong do pic trong vung pic 2850-3000

1 . , \ 1 .
cm’t cia nhom CH, va 1720 cm™ cua nhom carbonyl.

13
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Pé tim hiéu sau hon vé su thay doi trong cAu trac cia vat liéu polyme composit
PVC/gypsum & mau dbi ching (khong bd sung vi khudn) va mau thi nghiém (xtr Iy Vol
ching vi khuin B. amyloliquefaciens PVCT) sau 12 tudn, phd 'H-NMR da dugc st
dung (Hinh 9). Phd "H-NMR la mot phwong phap thich hop dé theo ddi sw thay doi
trong cau trac hoa hoc cua cac hop chét hitu co. Phd "H-NMR cho phép quan sat dai
tn s6 (hodc pics) twong Ung v4i proton trong mau. Su thay d6i trong chu tric cua
polyme composit co thé dugc phan tich thong qua su thay d6i trong s6 lwgng va vi tri
cia céac proton trén phé. Cu thé, su xuét hién hodc bién mAt cta cac pic "H-NMR c¢6

thé chi ra su thay dbi trong thanh phan héa hoc cua maAu.

Dua trén két qua phd '"H-NMR, céc thay ddi cu thé trong céu truc cua polyme
PVC/gypsum sau qua trinh phan huy sinh hoc ¢6 thé duoc xac dinh. Diéu nay mot lan
nita minh chimg kha nang tac dong va lam thay dbi thanh phan héa hoc ctia vat lidu
polyme composit PVC/gypsum cta ching B. amyloliquefaciens PVC7. Su két hop
gitta phod 'H-NMR va phd hdng ngoai FT-IR, nhu da thao luan & trén giup hiéu 16 hon

v& qué trinh phan huy sinh hoc va anh huéng ctia n6 doi véi vat liéu nay.

Hinh 9 thé hién phd 'H-NMR ctia mau polyme composit PVC/gypsum d6i chung
(khong bd sung vi khuén). Trong phé 'H-NMR cta mau PVC/gypsum dbi chirng, ta co
thé quan sat cac dinh tin hi¢u dic trung cta proton twong ung voi cdu trac cta nhua
PVC va dioctyl phthalate (DOP). Cac tin hiéu nay bao gdm cac dinh tin hiu cua
proton trong chudi alkyl cia DOP va PVC, xuit hién trong khoang tir 0,8 dén 2.5 ppm.

Cu thé, cac dinh tin hi¢u ¢ kKhoang 2,1-2,5 ppm, 3,3 ppm va 4,12-4,17 ppm tuong
g v6i proton trong nhom CH va CHCI trong PVC. Céc dinh tin hiéu trong khoang
1,2-1,4 ppm thudc vé nhom CH,, 0,87-0,89 ppm la cua nhém CH; @, 1), 3,2-3.4 ppm la
cta nhom OH, 4,3-4,5 ppm la ctia nhom 0-CH,- (e), va cudi cung, cac dinh tin hiéu
cua proton trong nhom aromatic xuit hién trong khoang tir 7,6 dén 7,8 ppm (b) trong
DOP (d'Antuono, P., Botek, E., Champagne, B., Wieme, J., Reyniers, M-F., Marin, G.,
Adriaensens, P., Gelan, J., 2008. A Joined Theoretical-Experimental Investigation on
the (1)H and (13)C NMR Signatures of Defects in Poly(vinyl chloride). The J of phys
chem. B. 112 (47) 14804-18; Navarro, R., Pérez, M., Tardajos, M.G., Reinecke, H.,
2010. Phthalate Plasticizers Covalently Bound to PVC: Plasticization with Suppressed
Migration. Macromolecules. 43 (5).

14
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Hinh 10 trinh bay phd 'H-NMR cta ca mau polyme composit dbi chung (khong
bd sung vi khuén) va thi nghiém (b6 sung B. amyloliquefaciens PVC7) sau 12 tuan.
Phé 'H-NMR cho thay, chu triic ctia mAu doi chimg gin nhu khong thay d6i so véi ban
dAu, trong khi c6 su thay doi ro rét trong hinh hinh thi cAu trac phan tir & mau thi
nghiém (bd sung ching B. amyloliquefaciens PNCT) sau 12 tudn xr 1y. Su bién doi

ctia mau thi nghiém ciing dugc minh chimg rd qua so liéu thong ké ¢ Bang 4 nhu sau:

Trén phd 'H-NMR vAn bao gbém tin hi¢u proton dc trung cta 2 thanh phan vat
liéu composit 1a CH,, CHCI, O-CH,-, CH3, va céc pic tuong ung v4éi nhom aromatic
¢6 trong PVC va DOP. Tuy nhién, c6 su thay ddi dang ké vé dién tich vung pic, va dic
biét, c6 su xuét hién cta pic méi & mau thi nghiém tai vung pic 5,75 ppm. Pic mdi nay
dugc cho la thudc v& nhém R-C=C-H va c6 thé 1a san phim sau qué trinh phén hay
sinh hoc cua PVC. Bén canh do, mau thi nghiém x{ Iy béi chung B. amyloliquefaciens
PVC7 mit di nhom -O-CH,- tai do dich chuyén hoa hoc tir 4,3-4,5 ppm thudc DOP,
két qua nay dugc cho 1a do sy phan huy cua cAu trac chat hoa déo nay (Yin L.V, Liu,
J.. Luo, Z., Wang, H., Wei, Z., 2017. Construction of chain segment structure models,
and effects on the initial stage of the thermal degradation of poly(vinyl chloride). RSC
Adv..7.37268-37275).

Nhiing thay d6i nay trong phd 'H-NMR cung cép thong tin quan trong vé su tac
dong ctia qua trinh phan hiy sinh hoc 1én cAu trac héa hoc cta vat ligu polyme
composit PVC/gypsum, giup hiéu 16 hon vé qua trinh phén hiy va bién ddi trong

thanh phf?m clia mAu sau 12 tuan thir nghiém. Két qua duoc thé hién trén bang

Bang 4. Pic va dién tich pic ctia phd "H-NMR doi voi mAu composit PVC/gypsum ddi

ching va mau the nghiém sau 12 tuan xu ly

Nhém chure Pic Dién tich vung pic
Ml M35 M1 M35
CH, 1,2-1,4 1,28-1,38 5,72-12,64 2,31-6,42
2,1-2,5 2,49-2,51 22,12 -
3,33 3,32 - -
CHCI 4,12-4,17 4,11-4,17 5,04 2,13
-0-CH;- (e) 4,3-4,5 - 12,53 -
CH; 0,87-0,89 0,88-0,89 13,19 6,45
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nhém thom 7,68-7,72 7,67-7,72 2,16-2,00 1,03-1,00
Pic méi

- 5,75 - -
(R-C=C-H)

Vi du 6. Luwu giiw chiing vi khuin B. amyloliquefaciens PVC7

Chung B. amyloliquefaciens PVC7 dugc bao quan trong moéi truong khoang bo

sung vt liéu composit PVC/gypsum nhu ngudn cacbon duy nhét, vi ndng dd glycerol

20% & -30 va -80°C trong diéu kién hiéu khi. Ching dugc luu giit tai phong Vi sinh

vét ddu mo, Vién Cong nghé sinh hoc vé6i sé luu gitt PVC7.

Hiéu qua dat dwoc ciia sang ché

Chung vi khuén B. amyloliquefaciens PVCT theo sang ché voi hoat tinh phan hiy

vat lidu composit PVC/gypsum thich hop dé xir Iy triét dé, an toan vt li€u polyme

composit PVC/gypsum phé thai.

16
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YEU CAU BAO HQ
1. Chung vi khuan Bacillus amyloliquefaciens PVCT dugc phén 14p c6 trinh tu 16S

rADN néu trong SEQ ID NO.1 duoc dang ky trén ngén hang gen (GenBank) vé1 50
hiéu truy cdp 1a SUB 13936938 Bacillus OR751609, trong do:

- ching vi khuan nay 1a chung vi khuén hiéu khi, gram duong, sinh bao ti, khuén lac
c6 mép gon, hoi 16i, mau trang duc c6 kich thudce tir 2 dén 3 mm, dugc luu gitr tai

phong Vi sinh vat dau mo, Vién Cong nghé sinh hoc, Viét Nam véi 36 luu gitt PVC7;

- chung vi khuan nay c6 kha nang str dung vat li¢u polyme composit PVC/gypsum nhu
ngudn cacbon duy nhit va cho phép phan hity vét liéu polyme composit PVC/gypsum
v6i ndng do 1én t6i 10 g/l trong thoi gian tir 4 dén 12 tuan ¢ diéu kién nhiét do 30°C,

pH=7.

2. Chung vi khuan theo diém 1, trong d6 chung vi khuan Bacillus amyloliquefaciens
PVC7 duoc phén 1ap nay dugc luu gitr trong diéu kién mdi truong khoang MSM véi
glycerol 20% co bd sung vat liéu composit PVC/gypsum nhu ngudn cacbon duy nhét
va chung dugc luu trong didu kién nhiét do dong sau -30 hodc -80°C trong mdi truong

hiéu khi.

17



48709 18/23

HINH 1
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<110> (Chu don)

<120> chuang vi khudn Bacillus amyloliquefaciens PVC7 dugc phéan léap cé
liéu polyme composit PVC/GYPSUM

kh& nang phan huy vat

<130>
<1le0> 3
<170>

<210> 1

<211> 1426
<212> ADN
<213>
<220>

<223> 16S

<220>
<400> 1
ctatagntgc

tgagtaacac
taccggatgg
acagatggac
tgcgtagcecyg
tacgggaggc
cgtgagtgat
tcaaataggg
cagccgcggt
caggcggttt
actggggaac
agagatgtgg
agcgaaagcg
agtgctaagt
gcctggggag
ggtggagcat
ctgacaatcc
gtcgtcagct
ttagttgcca
gtggggatga
gacagaacaa
tcggatcgea
catgccgegg

tgtaacaccc

agtcgagcgg
gtgggtaacc
ttgtctgaac
ccgcggcegca
acctgagagg
agcagtaggg
gaaggttttc
cggcaccttg
aatacgtagg
cttaagtctg
ttgagtgcag
aggaacacca
tggggagcga
gttagggggt
tacggtcgca
gtggtttaat
tagagatagg
cgtgtcgtga
gcattcagtt
cgtcaaatca
agggcagcga
gtctgcaact

tgaatacgtt

gaagtcggtg

48709

DANH MUC TRINH TU

Bacillus amyloliquefaciens

acagatggga
tgcctgtaag
cgcatggttce
ttagctagtt
gtgatcggcc
aatcttccge
ggatcgtaaa
acggtaccta
tggcaagcgt
atgtgaaagc
aagaggagag
gtggcgaagg
acaggattag
ttccgcecect
agactgaaac
tcgaagcaac
acgtcccctt
gatgttgggt
gggcactcta
tcatgcccect
aaccgcgagg
cgactgcgtg
cccgggectt

aggtaacctt

PVC7

gcttgctcce
actgggataa
agacataaaa
ggtgaggtaa
acactgggac
aatggacgaa
gctctgttagt
accagaaagc
tgtccggaat
ccccecggcectcea
tggaattcca
cgactctctg
ataccctggt
tagtgctgca
tcaaaggaat
gcgaagaacc
cgggggcaga
taagtcccge
aggtgactgc
tatgacctgg
ttaagccaat
aagctggaat
gtacacaccg

taggagccag

tgatgttagce
ctccgggaaa
ggtggcttcg
cggctcacca
tgagacacgg
agtctgacgg
tagggaagaa
cacggctaac
tattgggcgt
accggggagg
cgtgtagcgg
gtctgtaact
agtccacgcc
gctaacgcat
tgacgggggce
ttaccaggtc
gtgacaggtg
aacgagcgca
cggtgacaaa
gctacacacg
cccacaaatc
cgctagtaat
cccgtcacac

ccgecg

ggcggacggg
ccggggctaa

gctaccactt
aggcgaccga
cccagactcc
agcaacgccg
caagtgccgt
tacgtgccag
aaagggctcg
gtcattggaa
tgaaatgcgt
gacgctgagg
gtaaacgatg
taagcactcc
ccgcacaagc
ttgacatcct
gtgcatggtt
acccttgatc
ccggaggaag
tgctacaatg
tgttctcagt
cgcggatcag

cacgagagtt
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60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1426





