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LOI CAM DOAN

Té1 xin cam doan:

Pay la cong trinh nghién ctru ctia t61 va mot s6 két qua cling cong tac vai cac
cOng su khac.

Céc sb licu, két qua néu trong luan an l1a trﬁng thuc, mot phﬁn da dugc cong
bb trén céc tap chi khoa hoc chuyén nganh véi sy dong ¥ va cho phép cua céc dong
tac gia.

Céc thong tin trich dan trong luén 4n di duoc ghi & nguén gbc.
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NCS. Nguyén Quang Vinh
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LOI CAM ON

T6i xin gl 161 cam on sau sic dén TS. Nguyén Chi Thuan va TS. Nguyén
Hoang Uyén, Vién Céng nghé sinh hoc, Vién Han 18m Khoa hoc va Cong nghé
Viét Nam da tin tinh hudng dan, tao moi diéu kién tbt nhat vé co s& vat chét cling
nhu dong vién toi trong nhitng lac kho khan nhat dé toi thuc hién va hoan thanh
ludn an nay.

Téi xin chan thanh gui 161 cdm on téi Hoc vién Khoa hoc va Cong ngheé,
Vién Cong nghé sinh hoc da tao moi diéu kién thuan loi cho t6i duoc hoc tip,
nghién ctru va hoan thanh ludn an. T6i xin cdm on tap thé can bo Phong Cong nghé
sinh hoc tai tao mdi trudong da tin tinh giup d& toi trong qué trinh thyc hién ludn an.
T6i cling xin chan thanh cdm on PGS.TS. D3 Thi Huyén va tip thé can bo Phong
K§ thuat di truyén da giup d& t6i hoan thién luan an.

T61 xin chan thanh cdm on TS. Nguyén Thi Thanh Loi, chti nhiém dé tai cép
nha nudc: “Nghién clru san xuAt va Gmg dung chét diét khuén sinh hoc pyocyanin
thay thé khang sinh trong nuéi tdm nudc lo” da danh nhiéu thoi gian, cong stic, tim
huyét huéng dan téi tir nhitng ngay d4u cho téi khi hoan thanh luén an.

Téi xin chin thanh cam on ThS. Bui Thi Hai Ha, chuyén vién phu trach dao
tao, Vién Cong nghé sinh hoc, da tan tinh hudng dan t6i hoan thanh moi thu tuc
trong sudt qué trinh hoc tap lam nghién ciru sinh tai Vién.

T6i xin chan thanh cdm on Céng ty C6 phan dich vu phan tich di truyén
(GENTIS), cung cac ddng nghiép da tao diéu kién, gitp d& va dong vién t6i trong
subt thoi gian thuc hién luan 4n cia minh.

Cudi cing, t6i xin giri t6i nguoi than trong gia dinh cung ban bé su biét on,
dic biét 1a bd me, vo va cic con di danh cho téi tinh yéu thuong sau séc va tao diéu
kién t5t nhat dé t6i hoc tip va hoan thanh t6t noi dung ludn an.

T6i xin tran trong cdm on!
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—

NCS. Nguyén Quang Vinh
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DANH MUC CAC TU, KY HIEU VIET TAT

Chir viét tat Chu thich Nghia tiéng Viét

1-OH-PHZ |1-hydroxyphenazine 1-hydroxyphenazine

ADIC 2-amino-2-deoxyisochorismic acid | Axit 2-amino-2-

deoxyisochorismic

ADN Deoxyribonucleic acid AXit deoxyribonucleic

AHPND  |Acute hepatopancreatic necrosis Bénh nhiém khuén gan tuy cap
disease

CCD Central composite design M® hinh central composite

CDS Coding sequence Trinh tuy ma héa

DHHA Trans-2,3-dihydro-3 -hydroanthranilic | Axit trans-2,3-dihydro-3 -
acid hydroanthranilic

FAD Flavin adenine dinucleotide Flavin adenine dinucleotide

HPLC High performance liquid Sic ky long hiéu ning cao
chromatography

HRMS High-resolution mass spectrometry  |Khéi pho phan giai cao

IR Infrared spectroscopy Phé hdong ngoai

LB Moi truong Luria-Bertani Moi treong Luria-Bertani

TLC Thin-layer chromatography Séc ky ban mong

MBC Minimum bactericidal concentration |[Nong do diét khuan téi thiéu

MIC Minimum inhibitory concentration ~ [Nong do ¢ ché tdi thiéu

NADH Nicotinamide adenine dinucleotide  |Nicotinamide adenine
(NAD) hydrogen (H) dinucleotide (NAD) hydrogen (H)

NCBI National center for biotechnology Trung tdm thong tin céng nghé
information sinh hoc qudc té

NGS Next generation sequencing Cong nghé giai trinh ty thé hé méi

NMR Nuclear magnetic resonance Phé6 cong huang tir hat nhan

PBD Plackett-Burman design M®& hinh Plackett-Burman

PCA Phenazine-1-carboxylic acid Axit phenazine-1-carboxylic

PCN Phenazine-1- carboxamide Phenazine-1- carboxamide

PCR Polymerase chain reaction Phan ung chudi polymerase

ROS Reactive oxygen species Cac goc oxy hoa tu do

rRNA Ribosomal ribonucleic acid AXxit ribosomal ribonucleic

uv Ultra violet Tia cuc tim

UV-Vis Ultra violet - Visible Phuong phap quang phd hap thu

phan tr UV-Vis

VSVKD

Vi sinh vat kiém dinh

Vi sinh vat kiém dinh
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MO PAU

Pyocyanin 1a mot hoat chit sinh hoc ty nhién dwgc sinh ra boi vi khuén
Gram am Pseudomonas aeruginosa. Pyocyanin véi dic tinh khang khuan, khdng
gay doc trén di twong sir dung va c6 thé phan huiy trong tu nhién nén hoat chat nay
¢ nhiéu &ng dung trong kiém soét sinh hoc dic biét trong linh vuc nudi tréng thiy
san. Cac nghién ctru trude day da cho thay pyocyanin c6 thé sir dung nhu tic nhan
kiém soat bénh do Vibrio spp. gay ra trong cac hé thong nudi thiy san tuan hoan.
Kha nang gay doc cua pyocyanin tir cAc chung phan lap tir méi truong co gia tri
LC50 cao hon rat nhiéu so véi nong d6 pyocyanin can thiét dé diéu tri bénh do vi
khuan Vibrio spp. gy ra. Bén canh d¢, st dung pyocyanin duoc tach chiét khdng
chtra x4c té bao vi khuan 1a cach tiép can c6 thé loai bo rai ro mic bénh do vi khuan
P. aeruginosa. Do vay, pyocyanin |a hoat chat sinh hoc tir vi sinh vat c6 tiém ning
ing dung nhu mot chat khang khuan nham han ché va thay thé cac chat khang sinh
dang duoc su dung qué muc trong nganh nudi trong thuy san.

Tuy nhién, hiéu suat tong hop pyocyanin tir cac ching vi khuan ty nhién con
han ché, do d6 viéc ting cudng kha niang sinh tong hop pyocyanin, tao ra cac chang
nang suit cao 1a hudng nghién ciru dugc quan tdm. C6 nhiéu cach tiép can nham thu
dugc hiéu suat téng hop pyocyanin cao nhu t6i wu diéu kién 1én men, cai bién di
truyén... Trong nghién ciu ndy, viéc ting cudng su biéu hién cua cac gen chinh
tham gia vao qua trinh tong hop pyocyanin cia vi khuan P. aeruginosa dugc sir
dung nhiam tao chang c6 hiéu suit tong hop pyocyanin cao. Qué trinh sinh tong hop
pyocyanin cé su tham gia cua bay gen la phzC, D, E, F, G, M and S. Trong d6 hai
gen phzM va phzS 1a hai gen chinh chiu trach nhiém chuyén héa phenazine-1-
carboxylic acid thanh pyocyanin. Hai gen dich nay da dugc tach dong tur chuang vi
khuan thue dia sinh pyocyanin cao va ndi vao vector pUCP24 dat dudi sy diéu khién
phién ma bai promoter Lac va duoc chuyén tré lai chung dé tang cuong sy biéu hién
cua hai gen trong chung vi khuan chon loc. Chung vi khuan tai to6 hop duoc nudi
trong cac diéu kién, méi trudng khac nhau nham hra chon dugc diéu kién thich hop
cho qué trinh sinh pyocyanin cua chung tai té hop. Pyocyanin thu duoc tir chung tai
t6 hop dwoc chang minh tiém ning (ng dung trong nudi trong thity san thdng qua
danh gia kha ning khang mét s vi sinh vat kiém dinh, Vibrio gay bénh trén tém nhu
V. parahaemolyticus, V. harveyi. Ngoai ra hiéu qua cua ché pham sinh hoc chira
pyocyanin duoc thir nghiém, danh gia tai cac ao nudi tdm thyc té.

Tir nhu cau cap thiét cua thuc té va céch tiép can duoc trinh bay nhu trén, dé
tai nghién ctu véi tén “Nghién ciru tao chiing Pseudomonas aeruginosa tai to
hop nham ting cwong hiéu suat tong hep pyocyanin dinh hwéng wng dung
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trong nudi trong thily san” da duoc tién hanh véi cac muc tiéu va ndi dung nghién

ctru cu thé nhu sau:

Muc tiéu nghién ciru:

- Phéan lap dugc chung Pseudomonas aeruginosa cé kha nidng sinh
pyocyanin va tao duoc chung vi khuan Pseudomonas aeruginosa tai to
hop mang thém gen phzM va phzS dé ting cuong tong hop pyocyanin;

- Nghién ctru duoc phuong phap chiét, thu hdi pyocyanin va xac dinh dugc
dic diém cua pyocyanin thu duoc;

- Panh gia duoc hoat tinh khang vi sinh vat kiém dinh va khang Vibrio gay
bénh trén tdm cua pyocyanin dinh hudng tng dung trong nudi trdng thay
san.

Noi dung nghién ciu chinh:

- Phan lap ching vi khuan c6 kha ning sinh pyocyanin tir thay san va bun,
nuéc ao nudi trong thay san;

- Nghién ctu tao chung vi khuan P. aeruginosa PS39-phzMS téi to hop
mang thém hai gen phzM va phzS dé tang cuong téng hop pyocyanin;

- Nghién ctru phuong phép chiét, tinh ché pyocyanin tir P. aeruginosa
PS39-phzMS;

- Nghién ctru dic diém khang khuan cua pyocyanin;

- Nghién ctu lya chon cac diéu kién nuéi cdy dé sinh tong hop pyocyanin
boi P. aeruginosa PS39-phzMS

Y nghia khoa hec ciia dé tai:

Vi khuan Pseudomonas aeruginosa da dugc ching minh c¢6 kha nang sinh
pyocyanin khong doc dbi véi tdm nhung c6 phd khang khuan rong, c6 thé cé nhiéu
ring dung trong thuc tidn. Tuy nhién viéc san xuat thu nhan pyocyanin gap kho khin
do chang ty nhién thuong cé ning suat thap. Trong luan &n nay, chung P.
aeruginosa sinh pyocyanin cao da duoc lya chon dé cai bién, mang thém gen phzM,
phzS trong plasmid bién nap, giGp ching sinh pyocyanin ting gan 60% so véi chiing
tu nhién. Két qua nay da khang dinh c6 thé cai bién chung ty nhién bang ky thuat
gen hiéu qua dé lam tang kha ning sinh chat thir cip nham &ng dung vao thyc té san
XUAL.

Y nghia thuc tién cia dé tai:

Pyocyanin sinh ra tir cdc chung Pseudomonas aeruginosa PS39-phzMS co
kha nang khang mot sb loai nAm, vi sinh vat gay bénh va Vibrio spp. gay bénh trén
tém. Vi vay, pyocyanin sinh tong hop tir chiing chuyén gen cia dé tai nay co thé
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dugc nghién ctru sau thém dé wng dung vao thuc tién.
Nhirng dong gop méi cia luan an:

- Pi chuyén gen vao chung tu nhién tao duoc chang vi khuan tai to hop
Pseudomonas aeruginosa PS39-phzMS mang plasmid pUCP24-phzMS tang cuong
san xuit pyocyanin cao hon so véi chung ty nhién.

- P chon loc dugc moéi trudng va didu kién nudi ciy thich hop dé chung tai
t6 hop sinh pyocyanin véi ning suat cao.
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CHUONG 1. TONG QUAN

1.1. Vi khuin Pseudomonas aeruginosa

Pseudomonas la mét trong nhirng chi vi khuan dwugc nghién ctu nhiéu nhat.
Chi nay lan dau tién duoc phét hién bai Migula vao nim 1894 ban dau dwoc md ta
la vi khuan Gram am, hiéu khi, hinh que [1]. Cac dic diém hinh thai cua vi khuan
nay kha twong dong véi cac chang vi khuan khac nén viéc nhan biét chi
Pseudomonas dya vao dic diém hinh thai gap nhiéu kho khan. Sau d6, nhd sy phéat
trién cua cac k§ thuat phan loai hién dai bing céch két hop gitta sinh hoc phan t,
dic diém hinh thai va sinh hoa, viéc phan loai céc chi cua vi khuan néi chung va chi
Pseudomonas tré nén d& dang va chinh xéac. Pseudomonas 1a mét chi rat phd bién vi
né c6 thé duoc tim thay trong nhiéu mai truong nhu dat, nudc, con ngudi, dong vat,
thuc vat va ching tham gia vao nhiéu qua trinh chuyén héa khac nhau.
Pseudomonas c6 kha nang thich tng tot trong cac diéu kién moi truong khac nghiét
va chiu duoc céc diéu kién bat loi tir cac yéu t6 song va khong song nhu oxy, do
am, nhiét d6 cao hoac thap... Mot sé loai trong chi Pseudomonas dugc biét dén c6
kha ning gy bénh & nhitng nguoi c6 hé thdng mién dich kém. Tuy nhién mot sé
chung thugc loai Pseudomonas aeruginosa cé kha ning sinh ra cac hop chat thi cap
c6 thé phan hay cac hoat chat hay uc ché vi khuan, tir 46 mé ra kha ning tng dung
rong rai trong cac nganh nhu dugc pham, cdng nghiép, mdi truong va dic biét trong
linh vyc thuy san [2].
1.1.1. Péc diém sinh hoc ciia Pseudomonas aeruginosa

P. aeruginosa lan dau tién dwgc mo ta nam 1882 trong bai béo véi tya dé
“On the Blue and Green Coloration of Bandages” [3]. Trong d6 P. aeruginosa duoc
m6 ta 1 vi khuan san sinh ra sac té tan trong nudc va phat anh huynh quang xanh
duéi tia UV. Chat sinh sic t6 nay vé sau dugc xac dinh Ia pyocianin, 1a mot dan
Xuit ctia phenazine. Pén nim 1900, Migula x4c dinh ching thudc chi Pseudomonas
va tir 6 vi khuan mang tén P. aeruginosa (Pseudo la tiéng Hy Lap c6 nghia “gia”;
monas trong tiéng Hy Lap nghia 1a “don vi”; aeruginosa nghia 1a “gi déng”). O
Viét Nam P. aeruginosa thudong duoc goi 1a truc khuan mu xanh. Ban dau chi
Pseudomonas duoc phan loai thanh cac nhom twong dong vé gen ma hda rRNA.
Cach phan loai nay di dugc cdng nhan rong rai, nhung dan dén nhiéu loai thudc chi
Pseudomonas can duoc phan loai lai. Hién nay cac nghién cau phat sinh loai méi
dua trén su twong dong cua trinh tw gen 16S rRNA di tao ra nhom lién két cua P.
aeruginosa bao gom P. aeruginosa, P. alcaligenes, P. mendocina, Pseudomonas
pseudoalcaligenes va P. flavescens [4]
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Hinh 1.1. Hinh théai khuan lac chiing P. aeruginosa trén thach dinh dudng (A), anh nhuém
Gram cua P. aeruginosa (B) va anh chup kinh hién vi SEM (C) [5].
P. aeruginosa la vi khuan Gram am, hiéu khi, hinh que kich thuéc 1-1,5 pm

X 0,5-1.0 um, di dong, co pili va khong tao noi bao tir (Hinh 1.1). Chung wa khi,
phét trién d& trén cac méi truong thong thuong nhu LB, NB véi nhiét do toi wu 28 —
32°C; pH 7,0 - 8,2, va c6 kha ning oxy hoa cic chat chéng oxy héa. Tuy nhién
ching ciing c6 thé phét trién ¢ nhiét do cao téi 42°C. Pay la mot trong nhiing dic
diém dé phan biét P. aeruginosa véi céc loai vi khuan khac thudc chi Pseudomonas
[4]. Vi khuan c6 thé sinh céc sic té hoa tan trong nudc 1a pyocyanin va pyoverdin,
c6 stc dé khang cao véi cac yéu té Iy hoa, khang khang sinh cao. Trong méi truong
am, thoang va khong cé anh sang mit troi chiéu truc tiép, P. aeruginosa séng dugc
2 tuan. Trong moi truong c6 dinh dudng tdi thiéu ¢ 5°C, chiing song dugc 6 thang.
P. aeruginosa c6 thé c6 nhiéu hinh thai khuan lac khac nhau. Pa sé céc khuan lac
c6 dang phang moc lan trén bé mit thach va thuong sinh hai sic t6 hoa tan 13
pyocyanin va pyoverdin. Pyocyanin ¢6 mau xanh lam khuan lac ¢ mau xanh
pyoverdin 1a chat sic t6 huynh quang lam cho khuan lac c6 mau vang xanh
(Hinh 1.1). Khi loai P. aeruginosa tao ra ca hai sic t6 cung mét ltc, khuan lac P.
aeruginosa c6 mau xanh bién nga sang mau xanh la. Loai nay con c6 thé sinh cac
sac t6 tan trong nudc khac nhu pyorubrin hodc pyomelanin 1am cho khuan lac c6
mau dé hoic mau nau twong ung [6].

P. aeruginosa c6 vo nhay la polysaccharide gom nhiéu tiéu phan mannuronic
acid va glucuronic acid hay con dugc goi la alginate. Cac dang alginate nay két hop
v6i nhau tao thanh dang cau trdc biofilm gitp bao vé, che ché vi khuan khoi céac
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yéu tb bat lgi cia mdi truong tu nhién cling nhu moéi trudng sdng trong vat chu. Hau
hét cac chang P. aeruginosa c6 kha ning tong hop mét loai protein F trén bé mit
gan trén mang sinh chat. Protein F van chuyén c6 chon loc c4c chat qua lai mang
trong giGi han khoang 500 Da. Vi vay, n6 lam giam tinh thim cua mang, ngin
khong cho céc chat c6 hai di vao bén trong té bao gidp cho P. aeruginosa c6 kha
ning dé khang cao véi nhiéu loai khang sinh [7].

P. aeruginosa cd maot tién mao (flagella) duy nhit & mét cuc, tién mao gidp
cho vi khuan di dong (Hinh 1.1). V& cu tao hda hoc, tién mao duoc ciu tao boi cac
protein goi la flagellin. C4c flagellin mang tinh khang nguyén, dugc goi la khang
nguyén 16ng H. Tiém mao (pili) c6 cu tric 1a nhiing soi 16ng rat manh, dai khoang
6 nm, moc quanh bé mat té bao. Tiém mao gilp vi khuan bam vao moéi truong long
hay bé mat biéu mé cua té bao vat chu trong qué trinh 13y nhiém [8].

DNA cua P. aeruginosa 1a mot phan tir DNA tran, dang vong, ton tai trong
nguyén sinh chét co kich thuéc 5,2 - 7 triéu cap base [9]. Thanh phan DNA chua
khoang 65% la guanine va cytosine. Ngoai ra, P. aeruginosa con c6 vat chat di
truyén ngoai nhan 1a céc plasmid. Céc plasmid cua chung khang thudc chaa cac
doan gen TEM, OXA, PSE ma hda sinh enzyme betalactamase giup pha huay vong
betalactam cua khang sinh gilp P. aeruginosa khang lai hau hét cac khang sinh
thuoc nhém nay. Do vay mét sé truong hop cd thé giy kho khin trong viéc lua
chon thude diéu tri nhiém khuan do P. aeruginosa. Mot trong nhitng yéu té dé phan
biét P. aeruginosa véi cac vi khuan khac trong chi Pseudomonas 1a dung cac dic
tinh sinh hoa, sinh 1y dé xac dinh nhanh chang ndy. D& dang nhan thdy mot dic
diém dé nhan biét chung P. aeruginosa do6 13 kha ning sinh truéng & 42°C. Ngoai ra
chi c6 65% P. aeruginosa la ¢ kha ning sinh sac t6 pyoverdine [9].

1.1.2. Sinh téng hgp pyocyanin bgi Pseudomonas aeruginosa

Vi khuan P. aeruginosa c6 kha nang tiét ra nhiéu loai sic t6 trong dé c6
pyocyanin (sic t6 mau xanh da troi), tan trong nudc va tan trong chloroform va
pyoverdin (sic té xanh luc) tan trong nuéc nhung khong tan trong chloroform. C6
t6i 96% sb ching P. aeruginosa ¢ kha ning sinh sac to pyocyanin. Pyocyanin sinh
ra trong moi truong tiép xdc nhiéu véi khong khi, dé dang phat hién khi nudi vi
khuan trén méi truong canh thang, thach thuong hoic méi truong KingA 1a moi
truong dién hinh dé phat hién chung sinh sic t6 pyocyanin [6]. Chi c6 P.
aeruginosa sinh sic t6 pyocyanin (Hinh 1.2). Méi truong KingB dugc st dung dé
phét hién sic td pyoverdin. Ngoai P. aeruginosa,vi khuan P. fluorecens, P. pytida,
P. veroni, P. monteilla cling co6 kha ning sinh sac to nay. Pyorubin 1a sic té mau
hong nhat, chi 1% s6 chung P. aeruginosa sinh ra sic to nay. Pyomelanin 1a sac tb
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mau nau den, chi 1-2% s6 chang P. aeruginosa sinh sic té nay (Hinh 1.2) [6].

Hinh 1.2. P. aeruginosa sinh chat sinh sic t6 pyoverdine (mau xanh l&/huynh quang),

pyocyanin (xanh duong), va pyomelanin (ndu dam) [6]
1.1.3. Khd ndng rng dung Pseudomonas aeruginosa
1.1.3.1. Mic dé an toan cua P. aeruginosa

P. aeruginosa la vi khuan phan b4 ¢ nhiéu méi truong khac nhau nhu dt,
nude, dong vat, thuc vat va dugc coi 1a mam bénh co hoi & nguoi, ¢d thé gay bénh &
nhitng bénh nhan bi suy giam mién dich, bi bong, bénh xo nang [10]. Cac chung
lam sang nhu P. aeruginosa PAO, P. aeruginosa PA14 duogc phan lap ¢ bénh nhén
bi bong. Nhiing dic tinh lién quan dén tinh sinh bénh cua vi khuan dugc biét do 1a
doc tinh, khang thudc va hinh thanh mang sinh hoc [11]. Céc ching 1am sang dwgc
biét hda tir cac chung méi truong nhd kha nang sir dung parafin 1am ngudn cac-bon
[12]. Nhitng d6t bién gy thiéu hut gen oprD (gen porin) thuong da dang & céc
chung 1am sang hon cac ching ¢ phong thi nghiém.

Ngoai cac chung 1am sang, dugc dic biét chi y vé tinh sinh bénh, con cd cac
chang tir méi truong. Trong cac nghién ciru gan day vé hé gen da 1am sang to chang
khong doc va thé hién dic tinh doc dao cua vi khuan nay, d6 1a chung sinh tong hop
mot loat cac chat chuyén héa tha cap véi nhiéu tng dung tiém nang trong cong
nghé sinh hoc. Chang han, chung P. aeruginosa ATCC15442 duogc phan Iap tir moi
truong, la chung khong gay doc té bao va ciling khong xam nhiém [13]. Mot s6
nghién ciru da chi ra dac tinh probiotic cua vi khuan P. aeruginosa dugc sir dung dé
kiém soat 6 nhiém méi truong hay tng dung trong san xuat ché pham sinh hoc
nham kiém soét dich bénh, thic ddy ting truong trong nudi trong thiy san. Nghién
ctru cua Hai va dong tac gia (2009) da chi ra chung vi khuan P. aeruginosa khi
duoc bd sung trong thirc an cong thic & liéu hwong 10° CFU/mL da gitip tang cuong
sac khoe va hé mién dich cua tdbm bac Penaeus latisulcatus [14]. Chung P.
aeruginosa YC58 duoc két hop véi hé vi sinh caa au tring hau Crassostrea
corteziensis, lam tang ty 1& song cta hau so véi doi chirng khong si dung [15]. Hon
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nira, trong linh vuc tai tao méi truong, sang ché US11584913B2 da boc 16 tiém
nang ung dung cua chung P. aeruginosa GDUTANI, dugc phan 1ap tir nudc ri tu
béi rac, co dic tinh phan huy monomethylamine cao dén 99% sau 96 gio & nong do
50-140 mg/L.

1.1.3.2. Ung dung Pseudomonas aeruginosa trong y hoc

P. aeruginosa san sinh ra nhiéu nhém chét cé kha ning wc ché vi khuan hoic
su hoat dong cua vi khuan, dong vai tro thiét yéu trong kiém soat vi khuan khang
thudc. Nhitng chat nay 1a san pham thir cap tir nhiéu chu trinh chuyén hoa khac
nhau bao gom chu trinh chuyén hoéa polyketide va shikimic-chorismic acid. Nhiéu
nghién citu chi ra rang c4c chat c6 hoat tinh khang khuan, khang nam tiét ra trong
qua trinh trao ddi chat thi cap caa vi khuan c6 thé ap dung trong kiém soét bénh ¢
nguoi, dong vat va cay [16][17].

P. aeruginosa sinh ra cac chat vai tinh khang khuan cao bao gém cac nhém
peptide dugc goi la pyocin va nhém heterocyclic nhu quinoline, phenylpyrrole va
phenazine [18]. Trong qua trinh canh tranh moi truong séng P. aeruginosa tiét ra
nhitng hop chit heterocyclic tiéu diét vi khuan bang cach pha huy DNA cua vi
khuan théng qua qua trinh khir cuc té bao. Cac nghién ctu gan day cho thiy P.
aeruginosa tiét ra hop chit co kim uc ché hoat dong cua vi khuan da khang thudc
bao gom vi khuan Klebsiella pneumoniae sinh carbapenemase va Staphylococcus
aureus khang khang sinh methicillin [19]. Chung nay con tiét ra luong nho
phenazine-1-carboxylic acid c6 kha ning ¢ ché nim Botrytis cinerea [20].

Hydroxytyrosol thuoc nhém phenylethanoid tiét ra tir P. aeruginosa duogc dic
biét quan tdm trong nganh duoc pham do ¢ nhiéu hoat tinh ¢6 loi cho sirc khoe cua
con ngudi nhu khang khuan, khang viém, bao vé té bao than kinh, chdng u va kha
ning diéu chinh con duong chuyén hoa gilp hd tro diéu tri bénh tim mach va hoi
chang rdi loan chuyén héa. Vi vay, hydroxytyrosol di thu hut sy chd y cia nhiéu
nha khoa hoc. P. aeruginosa di duoc béo cdo cé kha ning tong hop sinh hoc
hydroxytyrosol véi ham lugng cao, hiéu suat 1én dén 86% & ndng d6 5 g/L tyrosol
[21]. Ngoai ra, chung P. aeruginosa 1001 tao ra esterase (EstA) co kha nang thuy
phan este metyl raxemic cia B-acetylthioisobutyrat dé tao ra (D)-enantiomer, dong
vai tro nhu tién chat cua captopril. Captopril 12 mét loai thuc quan trong trong diéu
tri suy tim sung huyét, ting huyét 4p va bénh than do tiéu duong. Piéu nay dat dugc
théng qua viéc uc ché enzym chuyén dbi angiotensin.
1.1.3.3. Ung dung cuiia Pseudomonas aeruginosa trong ndng nghiép

An ninh lrong thuc 12 van dé dang duoc quan tim hang dau dé dy phong khi
dan s thé gigi dat 9 ty nguoi vao nam 2050. Bé dam bao duoc lwong thuc va su
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phét trién bén virng than thién véi moi treong, nganh ndng nghiép phai duoc phat
trién theo huéng giam sir dung cac chit héa hoc nhu phan bon hoa hoc hay cac chat
diét co, diét con trung [22]. Viéc sir dung vi sinh vat dé thuc day ting truéng cua
cay trong va kiém soat bénh trong ndng nghiép 1a huéng tiép can bén viing than
thién v6i méi truong [22]. Ngay nay chi Pseudomonas dang dugc chd y do su phd
bién cua ching trong moéi truong va cac hoat tinh dic biét cua chi nay ddi véi cay
trong nhu thic day ting truong thuc vat, kiém soat cac tdc nhan sinh hoc nham cai
thién moi truong cho sy ting trudng, ting san luong cdy trong va kiém soat dich
bénh ¢ cay (Hinh 1.3) [23].

Hoa tan phosphate
'Chét khang khuan (2,4-DAPG,
pyrrolnitrin, pyoluteoni)

San xuét siderophore g
; rg = )
E o Enzyme phan hdy thanh té bao
- 2 ’ = : i
San xuit NH3 .gﬁPseudomonas sph2 (chitinase, celluase)
IS
o-

yudq )

San XUét y e
I

hydrogen cyanide Kich thich chéng chiu

Hinh 1.3. Tong quan co ché thlic ddy ting truong va kiém soat bénh & thuc vat cua chi
Pseudomonas [24]

Pseudomonas thuc day ting truong thuc vat bang cach hoa tan nito,
phosphate, sit vao trong dat lam cai thién dinh dudng cua dat. Nhiéu nghién cau
gan day cho thay sir dung Pseudomonas tang cudng su phat trién, ting san luong va
tong hop hoat chat thir cap caa cdy. Vi dy, Kumar va cong su da ciy Pseudomonas
fluorescens dé ting ning suat va ham lwong curcumin ¢ nghé [25]. Hammami va
cong su da st dung chang Pseudomonas sp. Psf5, dé kiém soat bénh chét héo trén
cay gidng ca chua do Sclerotinia sclerotiorum gay ra. Két qua chung vi khuan nay
khéng nhitng gilp ca chua khang bénh ma con gidp 1am bo ré ca chua phat trién
manh, tang chéat luong cay giong. Viéc cay vi khuan Pseudomonas vao dat xung
quanh ré ciing gilp cay dau xanh ting trudng tot [26].

Chung P. aeruginosa LES4 duoc phan lap tir dat gan ré ciy ca chua duoc
xac dinh c6 kha ning thic day ting truéng cua cdy nho san sinh indole acetic acid,
hydrogen cyanide (HCN), siderophore, hoa tan chit vo co nhu phosphate va ting
hoa tan ure. Chung nay con c6 kha nang tc ché manh chdng lai nim Macrophomina
phaseolina va Fusatium oxysporum. Khi cdy chang P. aeruginosa LES4 vao dét
xung quanh ré ciy viung da giup giam mot nia lwong phan bon cho ciy nhung
luong protein cua ving ting 47,5% va luong dau ting 33,3% S0 v4i nhom cay doi
ching [27].
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Trong méi trudng dat khic nghiét va han ché vé chit dinh dudng, ré cay la
noi sinh séng cua cac vi sinh vat c6 ich va cd hai trong dat. Cac loai Pseudomonas
cd loi tiép can bé mat ré nho kha nang di chuyén cua roi. Nguoi ta thiy ring
Pseudomonas tao ra mot hé sinh thai nho & ré va ciing thuc day sy phat trién cua
thuc vat [24]. Su tuong tac cua P. aeruginosa véi thuc vat mang lai méi lién két c6
loi kha phé bién. P. aeruginosa tao ra pyocyanin c6 trong dat da giup thuc day cay
cha phat trién cling nhu bao vé cay khoi cac bénh cd nguyén nhan tir vi sinh vat gay
bénh [24][28].

Siddiqui va cong su da nghién ctu vi khuan rhizobacteria trong viéc kiém
soat bénh thdi ré va bénh ré ndt trén cay dau xanh va phat hién thay P. aeruginosa
hoat dong nhu mot tac nhan kiém soat sinh hoc trong viéc @c ché su phat trién caa
Macrophomina phaseolina, Fusarium solani va Rhizoctonia solani. Pseudomonas
cling ¢ hoat tinh tac dong lén hé than kinh cuaa au tring Meloidogyne javanica dan
dén tiéu diét 4u trang nay trong giai doan hai cia au tring [29].

Chung P. aeruginosa 7NSK2 di duoc st dung dé lam tac nhan phong trir
sinh hoc chéng lai bénh dao 6n la& (Magnaporthe grisea) va bénh khd van
(Rhizoctonia solani) trén cay lta mot 14 mam. Két qua ching nay da giup laa chong
bénh dao 6n |4 tuy nhién khong kiém soat dugc bénh kho van [30].

O Viét Nam, ciing c6 mot sb nghién ciu vé vi khuan Pseudomonas c6 kha
nang tng dung trong néng nghiép, cai thién kha nang chéng chiu caa cdy. Chang
Pseudomonas putida PS01 tir ving ré cay ngd c6 kha nang nang cao stitc chdng chiu
trong diéu kién man nhu gilip nang cao kha ning nay mam va séng sot cua hat cay
cai xoong & ndng d6 mudi 150 mM dén nong do mudi cao nhat 225 mM trong khi ¢
mau d6i ching thi hat cai di bi chét & ndng ¢6 200 mM [31]. Tran Thi Thu Ha va
cong su da nghién ciru ché pham sinh hoc tir Pseudomonas putida dé kiém soét
bénh chét nhanh trén cay ho tiéu ¢ Gia Lai. Pseudomonas putida con gidp cay ho
tiéu den phat trién nhanh ting kha nang két hat, két qua cho thay & nhom cé xir Iy
ché pham san lugng ting 1,6 1an so v&i nhom ddi chieng khéng si dung ché pham
[32]. Tac gia Chu Nguyén Thanh va cong su da phan 1ap dugc ba chung
Pseudomonas tir ving ré cay, ving dat nhiém man xung quanh ré cay. Cac chung
nay déu c6 dic tinh thuc day tang truéng thuc vat nhu san sinh indole-3-acetic acid
(IAA), hoa tan phosphate, ¢ dinh dam. Pac biét chung Pseudomonas sp. BTOOP03
da cai thién cac chi sé tang truang cua cdy lac trong diéu kién binh thuong va dic
biét trong diéu kién dat nhidém man [33].
1.1.3.4. Ung dung cuiia Pseudomonas aeruginosa trong cong nghiép

P. aeruginosa dugc (ng dung hitu ich trong nhiéu linh vyc khac nhau trong
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cdng nghiép va thuong mai. Nhirng ¢ng dung nay bao gom phan huay chét thai,
trong loc dau, trong san xuét dét may, trong nganh gidy va san xuit bot gidy, khai
thdc mo va nganh san xuit chat no. Cac san phdm nhu vanillin, rahmnolipid,
protease, lipase thu duoc tir P. aeruginosa dong vai tro thiét yéu trong hoat dong
san Xuat.

Vanillin 12 mét trong nhitng thanh phan quan trong nhét cia huong vi tu
nhién. Vanillin dugc st dung rong réi trong cac nganh coéng nghiép thuc pham, my
pham va dugc pham. Nghién ciru gan day da bao cao san xuat vanillin bang ching
P. aeruginosa ISPC2 phan lap tir dat, dwoc bién ddi gen sir dung isoeugenol 1am
tién chat trong qua trinh sinh tong hop vanillin [34].

Rhamnolipid 12 mot loai glycolipid dugc sinh béi P. aeruginosa va mot sb
sinh vat khac. Rhamnolipid c6 nhdm dau glycosyl, trong trudng hop nay la gbc
rhamnose va dudi acid béo 3 - (hydroxyalkanoyloxy) alkanoic acid (HAA), vi du
nhu 3-hydroxydecanoic acid. Hién nay, rhamnolipid dwoc san xuit bai P.
aeruginosa la loai chat hoat dong bé mat sinh hoc thiét yéu nhat ké tir khi Co quan
Bao vé Mai truong Hoa Ky cho phép sir dung chiing trong cac san pham thuc pham
va cac tng dung cdng nghiép khac [35]. Rhamnolipid da dugc nganh cong nghiép
thue pham dac biét khai thac nhu mot chat bao quan thay thé dé ting thoi han st
dung thuc pham, do hoat tinh khang khuan cao va dic tinh hoa Iy cua ching, dong
thoi dé 6n dinh nhil twong, kéo dai thoi han sir dung va &c ché bao tir mesophilic
trong qua trinh ché bién sita dau nanh ¢ nhiét d6 cuc cao (Ultra-high temperature
processing) két hop vai niacin. Su két hop cua niacin véi rhamnolipid trong salad
gilp kéo dai thoi han sir dung cua san pham va tc ché sy phét trién caa nAm mdc.
Khi sir dung hdn hop natamycin, nisin va rhamnolipid trong qué trinh ché bién pho
mai lam tang thoi han st dung pho mai tuoi thong qua viéc &rc ché su phat trién cua
nam méc va vi khuan, dic biét 1a vi khuan Gram dwong va vi khuan hinh thanh bao
tir [35][36].

P. aeruginosa con duoc biét dén vai kha nang san xuat enzyme protease rat
tét. Enzyme nay duoc ding trong cac nganh cdng nghiép dé phan huy protein.
Enzyme phan giai protein phan 16n duoc tim thy trong tat ca cac sinh vat song va
can thiét cho sy phét trién cua té bao va sy biét hoa cua té bao. P. aeruginosa sinh
tong hop protease ngoai bao va sir dung maltose 1am ngudn cacbon chinh cho qué
trinh sinh truong. Hoat tinh protease dat toi da & pH 9,5, nhiét d6 37°C va thoi gian
a 12 48 gios [37].

Lipase la enzym tan trong nudc, XUc tac phan (ng thuy phén triacylglycerol
khong tan trong nudc tao thanh cac glyceril va cac acid béo twong trng nho hoat
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dong cua nd trén bé mat phan pha nuéc-dau. Nghién cou gan day cho thdy P.
aeruginosa la mot trong nhitng chung vi khuan c6 kha ning san xuét lipase véi hiéu
suit cao, c6 tiém ning ¢ng dung trong cac linh vuc va cac nganh cdng nghiép khac
nhau [38]. Do c4u trdc phan tir va tinh chit x(c tac cua lipase, cac enzym ndy c6 cac
tng dung trong cng nghé sinh hoc cu thé trong cac linh vuc cdng nghiép khéc
nhau nhu trong thim my, quan ly chat thai méi truong va thuc pham. Bac biét
lipase hoat dong nhu chét xuc tac dé tong hop cac este va chuyén hoéa dau dé san
xuat diesel sinh hoc [39].

1.1.3.5. Ung dung ciia Pseudomonas aeruginosa trong thuy san

Trong nudi tdm nudc lo, cac loai thude chi Vibrio ludn 1a méi de doa nguy
hiém cho nghé nudi tém, anh huong dén san luong tdm nudi [40]. Trong nhém
Vibrio gay bénh & tom, thuong gip mot sd loai dién hinh nhu V. alginolyticus, V.
harveyi, V. vulnificus, V. parahaemolyticus, V. anguilarum gay bénh phat sang trén
4u trung tom, bénh nhiém khuin gan tuy cdp (Acute Hepatopancreatic Necrosis
Disease — AHPND).

Nhiéu nghién ctru di cho thay viéc sir dung qua muc cac loai thuc khang
sinh dé phong va tri bénh trong nudi tém gay mot hé qua tat yéu Ia ton du du lwgng
khang sinh; hinh thanh hé vi sinh vat khang thudc khang sinh, dan dén 1am giam
hiéu qua ctia khang sinh dung dé kiém soat bénh dich ¢ tom. Vi du nhu vi khuan V.
harveyi va V. splendidus gay bénh phét sang trén au tring tdm, c6 kha ning khéang
v6i nhiéu loai khang sinh nhu erythromycin, kanamycin, pencicillin G va
streptomycin. Manjusha va cong su d& nghién ciru danh gia kha nang khang lai 20
loai thudc khang sinh khac nhau cua vi khuan Vibrio, két qua cho thay trong tong s6
119 mau Vibrio phan lap duoc c6 16,8% ching nhay cam voéi tat ca céac loai thudc
Khang sinh, nhung c6 t6i 83,19% cac chang Vibrio khang lai véi thudc khang sinh
[40]. Tac gia Huynh Ngoc Tudng di phéan lap duoc 8 loai Vibrio, nhiéu nhat 1a V.
parahaemolyticus, V. mimicus va V. alginolyticus tir 161 mau nuéc va 82 mau thuy
san. C6 dén 96,7% sb ching phét hién khang véi it nhat 1 loai khang sinh khao séat
va 18,1% sb chung co6 hién tugng da khang. Pyocyanin da duoc tng dung dé tri
bénh trong thity san nham 1am giam hién tugng khang khéang sinh ¢ vi khuan, giam
mtic d6 ton du khang sinh trong thuy san.

1.2. Pyocyanin

Pyocyanin 1a hop chét ty nhién tha cap, di vong chira nito, mau xanh duong,
dugc sinh ra boi vi khuan Gram am P. aeruginosa [41]. Sic t6 nay 1a mot dan xuét
chinh trong s6 cac phenazine gom pyocyanin, phenazine-1-carboxylic acid (PCA),
1-hydroxyphenazine (1-OH-PHZ) va phenazine-1- carboxamide (PCN) va dugc
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nghién ctru nhiéu nhat [42]. Pyocyanin vé6i dic tinh khang khuan dic biét ciia minh,
khong gay doc trén ddi twong st dung tuy thudc theo ndng do va co thé phan huy
trong tu nhién nén pyocyanin c6 nhiéu tng dung trong kiém soét sinh hoc dic biét
trong linh vuc thuy san [43].
1.2.1. Cdu trdc cia pyocyanin

Pyocyanin 1a mot dan xuat chinh trong sb cac phenazine. Cau tric héa hoc va
tén goi cac dan xuat chinh cua phenazine duoc thé hién ¢ Bang 1.1 [44][24].

Bang 1.1. CAu tric hoa hoc va tén goi cac dan xuat cia phenazine [45].

Tén goichung Tén héa hoc Cau tric héa hoc

CH,
N
: 1-Hydroxy-5-Methyl
Pyocyanin i ) :
Phenazinium betaine N
O

o0~

7-imino-5- N
Pyorubin methylphenazine-1-
carboxylate H,N Z

N+
|,
C

H;

CONH,

N
Oxychloraphin | Phenazine-1-Caraboxamide N
/

N

COOH
s 5 N
: Phenazine-1-Caraboxylic
Tubermycin B A ADORY Ry
acid

/

N

Pyocyanin c6 cong thic hda hoc CisH1oN:0 va phé UV ciaa pyocyanin
chuan duoc quan sat ¢ budc séng 382 va 521 nm véi HCI 0,2M 1a ong trang. Tuy
nhién phé UV cta pyocyanin ciing c6 thay doi khi thu trén cac mdi truong nudi
khac nhau. Vi du ¢ méi truong King A ¢6 bd sung thém ngd, pyocyanin c6 phé hap
thu & budc song 214, 277 va 384 nm, mdi truong bd sung dau tuong thi pyocyanin
c6 pho hap thy & budc séng 212, 277 va 384 nm, mdi trudng bd sung khoai lang thi
pyocyanin c6 pho hap thu ¢ budc séng 221, 277 va 384 nm, trong khi véi moi
truong bd sung dwa hau thi phd do duoc ¢ budc song 216 nm [46] (Hinh 1.4).

Pyocyanin duoc tao thanh tr hai tiéu don vi cta N-methyl-1-

hydroxyphenazine. Pyocyanin dugc phan loai thudc dan xuat caa nhém phenazine.
Con duong sinh téng hop phenazine cua chi Pseudomonas duoc nghién ciu sau.
Phenazine 1a mot hop chat di vong dugc tong hop ty nhién dau tién dudi dang 5-
methly-7-amino-1-carboxyphenazium betaine c6 mau d6 dam sau d6 chat nay duoc
chuyén thanh phenazine-1- carboxylic (PCA) c6 mau vang chanh, va cudi cing 1a
chuyén hoa thanh 1-hydroxy-5-metyl phenazine (pyocyanin) [47].
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Hinh 1.4. Pho UV-VIS caa pyocyanin chuan (A) va pyocyanin chiét tir moi truong KingA
c6 b6 sung ngd (B), dau tuong (C), khoai lang (D) va dua hau (E) [46].

1.2.2. Hogt tinh sinh hec va déc tinh cia pyocyanin

1.2.2.1. Hogt tinh khang khudn

Pyocyanin c6 tinh khang khuan manh. Tinh khang khuan Escherichia coli
ctia pyocyanin duoc bao co lan dau tién vao nam 1940. Nghién ctu vé tinh khang
khuan caa pyocyanin tir P. aeruginosa phan 1ap tir mdi trudng bién da cho thy gan
90-95% kha niang ¢ ché vi khuan cua céc chung P. aeruginosa la do pyocyanin
[48]. Pyocyanin c6 kha ning khang lai cac loai vi khuan gay bénh nhu Salmonella
paratyphi, E. coli va Klebsiella gay bénh viém phoi [49]. Pyocyanin phan lap ti P.
aeruginosa 4B c6 kha ning chdng lai tdc nhan gay bénh khéac nhau va vi khuan gay
hu héng thuc pham nhu Bacillus cereus. Ngoai ra, pyocyanin con dugc biét dén véi
hoat tinh khang nim va kha ning kiém soat sinh hoc hiéu qua. Sic té do vi khuan
san sinh da dugc xac dinh 1a khang sinh phé rong, chéng lai c6 hiéu qua nam bénh
va céc chung Vibrio spp. gay bénh trong nuéi trong thity san [50].

Pyocyanin khang Escherichia coli dugc dat tén la colicin. Hoat tinh khang
khuan cua pyocyanin tinh khiét phu thuéc vao nong do chat. Nhitng nghién cau vé
co ché khang khuan cua pyocyanin da cho thay, pyocyanin tuong tac voi chudi ho
hip mang té bao din dén wc ché hoat dong trao d6i chat cua cac té bao vi khuan.
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Déi véi E. coli, pyocyanin 1a nguyén nhan gy can kiét ngudn cung cap oxy cho cac
té bao, san sinh H.0, va lam chuyén huéng dong dién tir, gay ra doc tinh déi voi té
bao E. coli [51]. Pyocyanin tir Pseudomonas ciing c6 hoat tinh tc ché manh vi
khuan E. coli phan Iap tir mat cu cai duong [52].

Tinh khang khuan cua pyocyanin tir P. aeruginosa phan lap tir tram tich dai
duwong thudc quan dao Hawaii da duoc nghién cau bai Angell va cong su (2006)
[48]. Ngoai ra, sic to duoc sinh ra tir P. aeruginosa con c6 kha niang chéng lai cac vi
sinh vat nhu Acinetobacter, S. aureus va Streptococcus gay bénh viém phdi rat hiéu
qua [50].
1.2.2.2. Hogt tinh khang nam

Pyocyanin wc ché su phat trién cua nhiéu lodi nAm men Candida nhu C.
albicans va nim soi nhu Aspergillus. Pyocyanin dugc tach chiét tir P. aeruginosa
phan 1ap tir dom cua bénh nhin xo nang co thé &c ché sy phat trién ctia nAm nhu A.
fumigatus va C. albicans. Tin hiéu twong tac qua trung gian gitra P. aeruginosa va
C. albicans & bénh nhan xo nang di dwogc tim thay [53]. Pyocyanin tir P. aeruginosa
WS1 ¢6 ndng d6 uc ché téi thiéu —MIC- ddi véi Aspergillus flavus va Aspergillus
twong ung 1a 64 va 128 pg/mL [54]. Nhiéu bing ching 1am sang cho thiy
pyocyanin kim hdm sy phat trién cua cac C. albicans khac nhau & bénh nhan bi
nhiém tring phdi. Cac chat nhu pyocyanin, pyrrolnitrin va pseudomonic acid duoc
sinh boi P. aeruginosa c6 kha nang khang cac loai Candida dwoc nudi trén moi
trueong thach Sabouraud dextrose [55].
1.2.2.3. Hogt tinh chéng oxy hoa va chéng ung thu

Téc gia Rada da chi ra rang pyocyanin c6 kha ning gay doc I1én té bao chu bi
vi khuan xam nhiém, 1am suy giam NADH, glutathione, phan hay H.02 va hoat
dong chéng oxy hoa khac nhu thay ddi trang thai oxy hoa khir va tao ra cac goc
oxy. Pyocyanin thu dugc tir chiung P. aeruginosa BTRY1 c¢6 kha ning chéng oxy
hoa cao hon han so véi vitamin C nhung néng d6 pyocyanin sir dung lai thap hon so
VGi néng do chat chuan vitamin C [56].

Hassani va cong su da phan lap duoc chung P. aeruginosa PHA-1 va sang
loc céc chung dot bién thich tng tu nhién ¢ ngudn gdc tir ching vi khuan nay. Két
qua nhém nghién ciru da sang loc duoc dong dot bién S300-8 ¢ kha niang sinh
pyocyanin cao hon chung tu nhién PHA-1. Pyocyanin dugc sinh ra boi dong dot
bién S300-8 thé hién hiéu qua manh chdng lai sy phét trién cua dong té bao ung thu
co van: & ndng d6 thap cua cac sac to nay gay chét 65% té bao sau 72 gio o, do doc
té bao duoc cai thién bang cach ting nong do ciia cAc chat mau va thoi gian phoi
sang. Hon nira, pyocyanin tir dong dot bién S300-8 gay ra apoptosis loai bé nhiing
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té bao khdng con can thiét, hoic cac té bao bi ton thuong; phan manh DNA trong té
bao ung thu co van tuwong tng la 80% va 73,3% [57].

Zhao va cong su da cong bd pyocyanin tc ché dang ké su ting sinh ctia dong
té bao ung thu HePG2 va kich hoat san xuat mét lwong 16n cac goc tu do (ROS), tur
d6 diéu chinh enzyme superoxide dismutase (SOD) va enzyme catalase, va lam suy
giam glutathione (GSH), giam ty 1& oxy hda GSH/GSH [58]. Pyocyanin tc ché su
tang sinh cua dong té bao nguyén bao soi ¢ da nguoi, ngoai ra, Laxmi va Bhat da
chi ra rang pyocyanin duoc phan lap tir P. aeruginosa BTRY1 di lam giam hoat
tinh tan huyét ngay ca ¢ nong d6 thap 1 ug/mL. Tac gia ciing cho thiy pyocyanin
khong giy doc té bao dbi vai dong té bao binh thuong & ndong do dao dong tir 6,25
dén 100 pg/mL véi ty 1¢ song sot cua té bao 1én dén 90% khi xu Iy vai pyocyanin ¢
nong do 6,25 pg/mL. Kha ning séng cua té bao khoang 80% ngay ca ¢ nong do
pyocyanin cao [59].
1.2.2.4. Bgc tinh cua pyocyanin

Priyaja va cong su da nghién ciu vé doc tinh caa pyocyanin véi cac dong té
bao nhu dong té bao phoi phéi thai ngudi (L-132), dong té bao ca hdi van (RTG-2),
dong té bao budng tring nhong con tring (Sf9). Khi danh gia chi sé 1Cso cho thy
dong té bao nguoi c6 @6 nhay cam hon véi pyocyanin so véi cac dong té bao khac
V6i 1Csp 1a 21,79 mg/L d3 gay ton thuong mang sinh chat nong d6 nay thap hon 5
lan so véi dong té bao ca hdi van (Bang 1.2) [60].

Bang 1.2. Nong do 1Cso cuia pyocyanin tac dong 1én thanh phan té bao nguoi, ca va con

trung [60]
Dong  té | ICso (mg/L) Tac dong 1én thanh phan té bao
bao
1 106,39 + 13,92 | Uc ché enzyme dehydrogenase ¢ ty thé

Té bao con
trung Sf9

107,77 £ 28,14 | Gay ton thuong mang sinh chat
133,67 £23,6 | Uc ché qua trinh tong hop protein
2 | Dong té bao | 146,19 + 28,78 | tic ché enzyme dehydrogenase & ty thé
ca hoi RTG- | 109,83 + 11,28 | Gay ton thuong mang sinh chat
2 76,64 + 9,99 Uc ché qua trinh tong hop protein

3 | Dongté bao | 112,01 £ 23,73 | Uc ché enzyme dehydrogenase ¢ ty thé
nguoi L- | 21,79+ 14,23 | Gay ton thuong mang sinh chat

132 32,57 +16,52 | Uc ché qué trinh tong hop protein
O ndng d6 cao 200 mg/L thi pyocyanin gay bién déi hinh thai té bao so véi
trang thai binh thuong. Tuy nhién trong nghién ctu nady & nong do 6,25 mg/L,
pyocyanin khong gay doc doi vai té bao va céac thanh phan cua té bao. Tac gia da
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dua ra két luan ¢ ndng do pyocyanin tir 5 dén 10 mg/L 1a nong d6 an toan dé ng
dung pyocyanin. Trong mot nghién ciru khac stir dung chudt va tdom lam thir nghiém
sinh hoc danh gia doc tinh cua pyocyanin. Két qua cho thay xu Iy pyocyanin & tém
1én dén ndng d6 50 mg/L khong gay doc trén tdm. Thi nghiém sinh hoc véi chudt ¢
nong do 750 mg/L pyocyanin khong gay doc vai chudt, tuy nhién khi ting ndng do
l&én 1000 mg/L thi da gay chét 3,83 don vi chudt (1 don vi chudt twong duwong 1 con
chudt nang 20 g) [61].

Pyocyanin dé bi phan huy trong tu nhién. Kha ning suy thoai ctia phenazin
va tién chét cua nd di dugc chirng minh qua cac tai liéu cua cac tac gia khac nhau
nhu Chen (2008) [62] va Reszka (2004) [63]. Hoat chat pyocyanin d& dang bi phan
hay boi vi khuan Sphingomonas sp. DP58 trong dat trong vong 40 gio. Nhom
phenol trong pyocyanin rat dé bi phan huy bai enzyme peroxidase cé san trong mot
s6 vi sinh vat trong dat. Pyocyanin 13 hoat chét trung gian thir cp, qua trinh oxy hoa
cua pyocyanin dan dén nging hoat dong cia né va tré nén khong doc hai va cac
phan tng nay 1a khong thé dao nguoc [62]. Cac chat chuyén héa trung gian c6 kha
nang tu phan hay theo thoi gian va khong cé kha nang tich liy vé nong do vi vay sir
dung cho tém nudi 1a an toan [62]. Thuc té trén thi truong, vi khuan Pseudomonas
va cac hop chat san xuat boi Pseudomonas dé duoc chap nhan nhu 1a ché pham sinh
hoc, duoc dung lam chat d6i khang chéng lai vi khuan gay bénh trong cac hé thdng
tuan hoan nudi thuy san [64]. Nghién ctru doc tinh ciia pyocyanin trén cac hé thong
sinh hoc khéac nhau, cho biét kha nang gy doc cua pyocyanin tir cac ching phan 1ap
& mdi trudng c6 gia tri LC50 cao hon rat nhiéu so véi ndng do pyocyanin can thiét
dé diéu tri bénh do vi khuan Vibrio gay ra. Hoan toan cé thé sir dung pyocyanin dé
loai trir Vibrio trong cac hé théng nudi thay san. Trong nghién ciru ndy nong do tc
ché téi thiéu (Minimum Inhibitory Concentration — MIC) ciia pyocyanin wc ché V.
harveyi 1a 5 mg/L, & 10 mg/L né thé hién kha niang diét khuan. Nghién ctu nay da
chang minh pyocyanin tiéu diét duoc cac ching Vibrio va khdng anh huong d6i voi
c4c tap doan vi khuan nitrat hoa tich hop trong hé thdng tuan hoan nudi thuy san.
Mic du cac chung phan lap tir cac mau 1am sang gay ra doc tinh, nhung pyocyanin
tir c4c chung phan 1ap & moéi truong co thé duoc st dung nhu 13 tac nhan dy phong
dé kiém soat bénh Vibrio trong cac hé théng tuan hoan nudi thity san [64].

1.2.3. Co ché khang khudn ciia pyocyanin

Ban dau pyocyanin dugc ding trong cong nghiép nhuém nho cé thé oxy hoa
khir twong tuy menaquinone. Nho cau tric héa hoc dac biét caa minh (5-methyl-1-
hydroxyphenazine), pyocyanin c6 kha ning cho nhan dién tir tao ra nhiéu hinh thai
khac nhau dong thoi ciing mang lai cho pyocyanin ¢ hoat tinh oxy héa phuc tap.
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Pyocyanin c6 thé t6n tai ¢ hai dang mot 14 dang oxy hda & méi trudong kiém
pyocyanin ¢6 mau xanh bién va dang khéng oxy hoa & moéi truong acid thi
pyocyanin ¢ mau dé (Hinh 1.5) [65].

o

)
L) = O
S oW CE\;g

.

”

+Z2—I

bo Xanh

Hinh 1.5. Pyocyanin & méi trudng kiém c6 mau xanh va pyocyanin & méi truong acid co
mau do.

bac tinh sinh hoc dac biét dugc quan tdm chinh cta pyocyanin la hoat tinh
oxy hoa khtr nhd kha nang nhéan dién tir tao ra mot goc anion twong d6i 6n dinh va
dé dang tham gia chu trinh oxy héa khir. Pyocyanin tao ra cac géc oxy héa tu do
(reactive oxygen species; ROS) tir d6 tao ra stress oxy hoa cho té bao vat chia hoic
vi sinh dan dén 1am ton thuong cac thanh phan té bao nhu DNA. Do d6 co ché
khang khuan cua pyocyanin cé thé thdng qua sy ting nong do cua cac nhom ROS
nhu O% va ciia H202 din dén gy doc cho té bao. Kha ning khang lai pyocyanin cua
cac vi khuan phu thudc vao mutc do hoat dong cua hai enzyme superoxide
dismutase va catalase, ngoai ra né con phu thudc vao nong do oxy [66].

Pyocyanin cua P. aeruginosa c6 tinh oxy hdéa khir cao nén dé dang xuyén
qua mang sinh hoc cua té bao. Chinh chét nay da giup P. aeruginosa nhan va van
chuyén cac dién tu trong qua trinh hd hap cua vi khuan gidp vi khuan ton tai trong
moi truong nghéo oxy [66].

1.2.4. Con dwong sinh tong hgp pyocyanin

Qua trinh sinh téng hop pyocyanin bat ngudn tir chorismic acide dugc tong
hop trong con dudng chuyén hoa shikimic acid.

Con duong chuyén hoa Shikimate 1a con duong chuyén hoa can thiét cua vi
khuan va cay dé tong hop amino acid vong thom nhu phenylalanine, tyrosine and
tryptophan va céc hop chit vong thom khac (Hinh 1.6). Cac hop chat nay téi can thiét
cho céc chtrc ning chinh ctia qua trinh sinh treéng. Qué trinh nay két ndi chuyén héa
carbohydrate sinh tong hop thanh cac hop chit c6 vong thom [67]. Diéu dang luu ¥
1a con duong chuyén hoa Shikimate chi c6 mat ¢ vi sinh vat va thyc vat cha khdng
c6 mit & dong vat. Do d6 cac hop chét thir cip dugc tong hop tir con duong nay
danh duoc sy quan tam Ién do tinh ung dung va tim quan trong caa ching cho cac
sinh vat khac nhu cac chit trytophane hay tyrosine la cac amino acid thiét yéu [68].
Trong con duong ndy, tién chat chorismate da dwoc tao ra 1a chat tham gia vao tong
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hop phenazine va nhém amino acid khac (Hinh 1.6) [68].
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Hinh 1.6. Con dudng chuyén hda Shikimate [67]

Qua trinh sinh tong hop pyocyanin cé sy tham gia cua bay gen la phzC, D, E,
F, G, M and S nam trén con dudng sinh tong hop chuyén hda shikimic acid.
Chorismate duoc enzyme phzA-G xuc tac, chuyén hoa thanh phenazine-1-
carboxylic acid (PCA). Sau d6 PCA dugc chuyén hda thanh ba loai phenazine khac
nhau nho ba enzyme PhzH, PhzS va PhzM. Enzyme PhzM va PhzS la hai enzyme
chinh chiu trach nhiém chuyén héa PCA thanh pyocyanin theo hai budc chinh:
Budc 1: PCA duogc enzyme PhzM xuc tac chuyén mot nhdm methyl vao nguyén tir
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nito ciia vong phenazine dé tao thanh 5-methylphenazine-1-carboxylic acid betaine;
Budc hai: 5-methylphenazine-1-carboxylic acid betaine duoc enzyme PhzS oxy héa

thanh pyocyanin (Hinh 1.7) [69][70].
phzM  phzA1 . phzBI phzC1 . phzD1 pth 1 pth ! phzG1 phz§

‘, KON ‘&\Yl&\\ti‘\

Gen diéu khién
Kich thich sinh PYO tin hiéu

Chorismate Phenazine-1-carboxylic acid

|

CONH,

000 00 COOB-000

cn )

Phenazine-1-carboxamide  1-hydroxyphenazine > Methylphenazine-1- .Pyocyanm
carboxylic acid betaine

Hinh 1.7. Con dudng sinh téng hop phenazine va pyocyanin [69]

1.2.5. Tach chiét va tinh ché pyocyanin

Pyocyanin di duoc nghién ctu tach chiét bang cach st dung chloroform hoa
tan pyocyanin trong méi trudng nudi cay. Hon hop chiét dugc tinh sach bang cot
oxit nhém st dung hon hop dung mdi chloroform va ethanol la dung méi ria giai
[71]. Mot sb tac gia khac di str dung cac phuong phap khac dé tach pyocyanin nhu
sir dung két tua vai nhém sulphate, sir dung mang loc gel hay dung sic ky trao doi
ion. Hassanein, Raoof va c4c cong su di sir dung chin loai dung méi khac nhau dé
tach pyocyanin két qua cho thay chloroform c6 hiéu suat tach chiét cao nhét trong
cac dung mdi duogc sir dung. Trong nghién ciru ndy, pyocyanin cia mau duoc chiét
hai 1an bang hai dung méi Ia chloroform va HCI 0,2N [72]. Téc gia Saosoong da
tinh sach pyocyanin tir P. aeruginosa bang cach sir dung cot Amberlite XDA-4, sau
d6 co pyocyanin bang cot silicagel va cubi cung ding HPLC dé thu phan doan
pyocyanin tinh khiét. Do tinh sach cua pyocyanin trong nghién ciru nay dwoc xac
dinh bang HPLC, phd UV va phé IR [73].
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1.2.6. Ung dung ciia pyocyanin
1.2.6.1. Kiém soat sinh hoc

Trudce diy pyocyanin duoc tng dung trong nganh dét nhudém dé thay thé chat
nhuém mau hda hoc. Nhung véi dic tinh khang khuan va khang ndm manh cua
minh, hién nay pyocyanin dang dwugc chd y nhu 13 mot chat c6 kha ning kiém soat
sinh hoc trong néng nghiép bang cach tc ché tiéu diét c4c vi sinh vat gay bénh cho
cay trong [28].
1.2.6.2. Ung dung trong thuy san

Pyocyanin, mot hop chat trao doi thi cip do Pseudomonas aeruginosa san
Xuat, cO tiém niang ung dung quan trong trong nudi trong thily san nhd hoat tinh
khang khuan manh mé va cac dic tinh sinh hoc da dang. Pyocyanin cé kha ning Gc
ché su phét trién cia nhiéu vi khuan gay bénh phd bién nhu Vibrio spp. (V.
parahaemolyticus, V. harveyi, V. alginolyticus), giup phong ngtra cac bénh nghiém
trong nhu hoai tir gan tuy cap tinh (AHPND) va bénh phat sang & tém, ca. St dung
pyocyanin 1am giai phap thay thé khang sinh khéng chi gitp kiém soat bénh hiéu
qua ma con giam thiéu nguy co khang khang sinh va ton du khang sinh trong san
pham thuy san, dap ¢ng cac tiéu chuan xuat khau. Ngoai ra, pyocyanin cd thé kich
thich hé mién dich cua vat nudi théng qua viéc diéu chinh céc loai oxy phan tng
(ROS), hd trg vat nudi chdng lai tac nhan gay bénh. Trong méi trudng nudi,
pyocyanin c6 thé kiém soat su phét trién cua vi sinh vat cd hai, cai thién chat luong
nudc va can bang hé sinh théi vi sinh. Hop chit nay ciing c6 tiém ning tich hop vao
thire an nhu mot phu gia sinh hoc, giup cai thién sic khoe va tang truong cua vat
nudi. Tuy nhién, dé t&i wu hoa hiéu qua, can danh gia k¥ ludng ndng do sir dung
nhiam tranh tac dong tiéu cuc dén vat nudi hoac vi sinh vat co loi, dong thoi dam
bao san xuat pyocyanin an toan va khdng chira tap chat. Viéc ung dung pyocyanin
trong nudi trong thay san khong chi nang cao ning suat va chat luong san pham ma
con gop phan phat trién bén viing cho nganh.

Nghién ctu tng dung cia pyocyanin duoc tién hanh ¢ nhiéu phong thi
nghiém trén thé gisi nhu Mi (2006); Pac (2012); Iran (2012); An Do (2010) va
Thai Lan (2010). Sac té do vi khuan san sinh d3 duoc xac dinh 1a khang sinh pho
rong, chong lai c6 hiéu qua nam bénh va céc chung Vibrio sp. gy bénh trong nudi
trong thay san. Priyaja da thdng bao rang, tinh khang cua pyocyanin voi 7 10ai
Vibrio: V. harveyi, V. parahaemolyticus, V. vulnificus, V. alginolyticus, V. fluvialis,
V. mediterrani va V. nereis vgi vong khang khuan tir 13,5 dén 31,0 mm [51]. Khi
dung dich nudi cua P. aeruginosa c6 ham lugng pyocynain la 30 mg/L cho vong uc
ché dat 17,50 — 38,06 mm. Nong d6 trc ché tbi thiéu caa pyocyanin chéng lai cac vi
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khuan va ndm dao doéng ¢ 20-120 pg/mL. Mirc d6 anh huong doi véi mot sb chang
khéng gay bénh nhu LAS5, Bacillus clausii twong tu nhu khi sir dung khang sinh
tetracyline.

Nghién ctru doc tinh cua pyocyanin trén cac hé thong sinh hoc khac nhau cho
biét kha ning gay doc cua pyocyanin tir cac chung phan 1ap ¢ mai trudng cd gié tri
LC50 cao hon rat nhiéu so véi nong d6 pyocyanin can thiét dé diéu tri bénh do vi
khuan Vibrio gy ra [64]. Hoan toan c6 thé sir dung pyocyanin dé loai trir Vibrio
trong cac hé thong nudi thay san. Trong nghién ctu ndy néng do tc ché tdi thiéu
(Minimum Inhibitory Concentration — MIC) cua pyocyanin uc ché V. harveyi la 5
mg/L, & 10 mg/L né thé hién kha ning diét khuan. Nghién ctu nay di chitng minh
pyocyanin tiéu diét dugc cac chang Vibrio va khong anh huong d6i véi cac tap
doan vi khuén nitrat hda tich hop trong hé thong tuan hoan nudi thuy san. Mac du
cac ching phan lap tir cac mau 1am sang gy ra doc tinh, nhung pyocyanin tir cac
chang phan 1ap & moi trudng cd thé duoc sir dung nhu 13 tic nhan du phong dé
kiém soét bénh Vibrio trong cac hé thng tuan hoan nudi thuy san.

Khao nghiém tinh an toan trén tdm nudi di xac dinh ndng do gay chét 50%
ctia pyocyanin trén au tring tdm bién tiép xudc sau 12 gio 1a 321,45 mg/L va 24 gid
la 217 mg/L. Pay 1a ndng do cao hon gap hang tram 1an so vai ndng do can thiét dé
sir dung trong diéu tri bénh [74].

1.3. Chuyén gen mi héa protein tham gia vao qué trinh ting sinh pyocyanin
1.3.1. Céc gen tham gia vao qua trinh chuyén héa phenazine

Céc gen nam trén locus tham gia vao chuyén hoa tong hop phenazine tir P.
fluorescens va P. aeruginosa da dugc xac dinh va giai trinh tu [75]. Locus nay gom
mot operon phzABCDEFG bao gom bay gen, dong vai tro chinh chuyén hoa
chorismic acid thanh PCA (Hinh 1.8) [76][70]. Hai loai P. aureofaciens va P.
fluorescens déu chira 1 operon phzABCDEFG trong khi d6 loai P. aeruginosa lai c6
chtra 2 operon phzl (phzA1B1C1D1E1F1G1) va phz2 (phzA2B2C2D2E2F2G2), ca
hai operon nay déu ma hda enzyme tong hop PCA, din dén kha nang sinh tong hop
PCA cua chung nay hiéu qua hon cac nhém vi khuan khac. Diéu nay dan dén kha
nang sinh pyocyanin ciia P. aeruginosa hon han cac vi khuan khac do PCA la tién
chat trung tam cudi cung dé tong hop ra pyocyanin [76][70][77].



23

EcoRI .
BIII mal D" (
S EcoRI XhoIl EcoRI  Smal Pstl Pstl Xbal

|

; Belll

] I I
I B | | | |

0.0kb Bglll  2.0kb 4.0kb 6.0kb 8.0kb

Hinh 1.8. Operon phzABCDEFG sinh tong hop phenazine cia ching
w Pseudon]onas fluorescens 2-79 ,[75]‘

Qua trinh sinh tong hop tong hop phenazine bat dau vai gen phzE tham gia
vao qua trinh amin héa chorismic acid thanh ADIC (2-amino-2-deoxyisochorismic
acid) nho enzyme tong hop aminodeoxy isochorismate ADIC vira duoc tao thanh s&
dugc chuyén hoa thanh DHHA (trans-2,3-dihydro-3 -hydroanthranilic acid) nho gen
phzD. Céac san pham cua phzF va phzG tong hop nén cac hé vong dau tién
phenazine-1, 6-dicarboxilic acid théng qua phan Gng triung ngung cta 2 phan t
DHHA giéng nhau, sau d6 thanh PCA (phenazine-1-carboxilic acid) nho cac gen
phzA va phzB. Sy biéu hién muon caa gen phzC tao diéu kién thuan lgi cho cac chat
chuyén hoa carbon di vao con dudng shikimate.

1.3.2. Téng hep pyocyanin tir phenazine-1-carboxylic acid

Pyocyanin duogc tong hop tir tién chat PCA bang hai buéc téng hop duoc
chiu trach nhiém béi hai enzyme dugc ma hoa tir hai gen phzS va phzM. Qué trinh
t6ng hop nay lién quan dén qué trinh methyl héa phan tr boi PhzM va hydroxyl hoa
phan tr boi PhzS. Trong qua trinh ndy, PhzM dudng nhu hoat dong trudc chuyén
hoa PCA thanh 5-methyl-PCA, tiép ni sau d6 co6 su tham gia chuyén hoa cua PhzS
dé tong hop thanh pyocyanin [70].

Con duong sinh tong hop pyocyanin dugc nghién ciu sau véi chung P.
aeruginosa PAO1. Nghién ctu cua tac gia Dimitri va cong su da cho thiy P.
aeruginosa PAO1 c6 kha ning tong hop cac chat khac nhau thuéc nhém phenazine
nhu pyocyanin, PCN va 1-OHPHZ. Qua trinh tong hop pyocyanin ciia ching nay
gom hai budc: buéc 1 enzyme SAM-dependent methyltransferase PhzM xuic tac
tong hop PCA thanh 5-methylphenazine-1-carboxylic betaine acid. Bugc thi hai
nho sy hoat dong xac tadc cua enzyme NADH-dependent flavoprotein
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monooxygenase PhzS, qua trinh hydro hoa va qué trinh decarboxy chuyén 5-
methylphenazine-1-carboxylic betaine acid thanh pyocyanin. Trong mot nghién cau
khac & E. coli biéu hién gen phzS va nudi cdy trong dich nudi cua chang vi khuan
biéu hién gen phzM thi phét hién su c6 mat caa pyocyanin. Nhung nguoc lai néu
nudi ching biéu hién gen phzM bing dich nudi vi khuan biéu hién phzS thi chi phét
hién su ¢6 mit caa PCA, 1-OHPHZ ma khéng thiy sy c6 mit cia pyocyanin. Diéu
nay khiang dinh kha ning PhzS c6 thé chuyén héa PCA thanh 1-OHPHZ [75].
Ngoai ra P. aeruginosa con c6 kha ning tong hop PCN bing enzyme duoc ma hoa
bai gen phzH. Enzyme glutamine-dependent, phenazine-specific amidotransferase
xuc tac chuyén hoa PCA thanh PCN. Nhu vy dé P. aeruginosa sinh tong hop
pyocyanin diéu kién bat buc phai c6 su tham gia lién tiép cua hai enzyme PhzM va
PhzS. Pay 1a co s¢ dé nghién ciu ting cuong kha ning sinh tong hop pyocyanin
bang phuong phap chuyén gen [75][70].
1.3.3. Vai tro ciia PhzM va PhzS trong qué trinh sinh téng hep pyocyanin

Cac gen phzM va phzS cua Pseudomonas aeruginosa niam trong cum gen
phenazine (phz cluster), cum gen chiu trach nhiém sinh tong hop cac hop chat
phenazine, bao gdm pyocyanin. Trong hé gene cua P. aeruginosa PAO1 (NCBI
Accession: NC_002516.2), cum gen nay thuong nam trong ving tir 4.9 d¢én 5.1 Mb
trén nhiém sic thé. Gen phzM c6 d6 dai khoang 888 bp, md hoda enzyme
methyltransferase (~35 kDa), x(c tac qua trinh chuyén d6i phenazine-1-carboxylic
acid (PCA) thanh 5-methylphenazine-1-carboxylic acid (5-MPCA). Gen phzS dai
khoang 1,245 bp, ma héa enzyme monooxygenase (~44 kDa), chiu trdch nhiém
chuyén héa 5-MPCA thanh pyocyanin. Cac gen nay duoc diéu hoa bai hé théng
quorum sensing va céc tin hiéu méi trudng, dam bao pyocyanin dugc tong hop dudi
cac diéu kién thich hop. Su phéi hop chat ché giita phzM va phzS déng vai trd quan
trong trong kha ning khang khuan va tao sic t6 xanh dic trung cua P. aeruginosa.

Tong hop pyocyanin tir chorismate boi cac operon phz tao thanh PCA, budc
cudi cling tong hop pyocyanin tir PCA duoc xuc tac bai hai enzyme tong hop tix
phzM va phzS [75]. Cac nghién ciru gan day cho thay qua trinh tong hop pyocyanin
can c6 su tham gia cua hai enzyme PhzM va PhzS. Dimitri va cong su da thuc hién
nghién cttu chirng minh vai tro caa hai enzyme nay trong quéa trinh sinh tong hop
pyocyanin cua chang P. aeruginosa PAO1 bang cach tao ra chung dot bién chi
mang gen phzM (chung PAOmMxM) va chung chi mang gen phzS (chung PAOmMXxS).
Hai chung nay cho sinh ra cac sac té dac biét khi chiing duoc nudi trén dia PIA.
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Hinh 1.9. Vi tri cua gen phzS (A) va gen phzM (B) trén bo gen cua P. aeruginosa PAOL,
c4u trdc khong gian cua mot s6 enzyme dugc tong hop tir cac gen phz cua P. aeruginosa
(C) [75]

Chung tu nhién PAO1 c6 mau xanh dic trung do ¢ kha ning téng hop
pyocyanin nhung chang PAOmMxM thi lai ¢6 khuan lac mau vang trong khi d6
chang PAOmXS thi lai san sinh ra sac t6 d6 dam tan trong nudc. Sir dung phan tich
trén may HPLC va MS cho thay ca hai ching dot bién nay déu tong hop PCA va
PCN nhung khong phat hién thay sy c6 mit caa pyocyanin. Chung PAOmMxM c6
kha ning tong hop PCN va 1-OHPHZ véi nong d6 cao hon so vai chung ty nhién.
Tuy nghién khi phan tich dich chiét sac té tir ching PAOmMXS lai khdng phat hién ra
su cO0 mat cua 1-OHPHZ. Trong thi nghiém khac khi tron PAOmxM va PAOmMxS
Vé6i su c6 mat caa pUCP-M va pUCP-S thi da phuc hdi dugc kha ning sinh téng
hop pyocyanin [75]. Diéu ndy cho thay vai trd khong thé tach roi cua PhzM va
PhzS trong qué trinh sinh tong hop pyocyanin, né ciing 1a co s¢ dé ting cuong kha
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niang sinh tong hop pyocyanin trong san xuat bang cach ting cuong biéu hién gen
(Hinh 1.9).

Qua trinh tong hop pyocyanin tir san pham PCA tir con duong chuyén hoa
Shikimate duoc tiép ndi bang hai enzyme ma hoa tir hai gen phzM va phzS. Hai gen
phzM va phzS mi héa enzyme déng vai trd can thiét cho qué trinh sinh tong hop
pyocyanin [75].

1.3.4. Tiang cwong biéu hién gen phzM va phzS tham gia vao con dwong sinh
tong hep pyocyanin ¢ Pseudomonas aeruginosa
1.3.4.1. Vector pUCP24, vector biéu hién gen trong Pseudomonas

Vector pUC18/19 vira la vector tao dong vira ¢6 kha ning biéu hién gen
ngoai lai, mang tinh wu viét cao nhu c6 kha nhan ban nhiéu, mang nhiéu diém cat
cho enzyme giéi han va c6 kich thudc nho. Plasmid nay lai c6 han ché boi chi c6
kha nang nhan ban trong té bao cha E. coli. Mot dong vector mai pUCP18/19
duoc phat trién tir vector pUC18/19 gilp plasmid cé thé ton tai va nhan trong té
bao chu P. aeruginosa. Tuy nhién, hé vector pUC18/19 cd kha nang nhan ban
khong cao trong chung P. aeruginosa. Vi vay, West va cong su da dua doan gen
dai 1200 bp kiém soat nhan ban cua plasmid trong vi khuan P. aeruginosa vao
plasmid pUCP18 dé cai tién kha ning nhan ban cua plasmid trong P. aeruginosa
(Hinh 1.10). Vi cac chang P. aeruginosa khang lai nhiéu loai khang sinh khac nhau
trong d6 c6 ampicillin, do vay vung gen chi thi khang ampicillin -bla (ma hoa -
lactamase) trong pUCP18 di duoc thay biang gen gm (tir vector pRO1600) méa hoa
cho chi thi khang gentamycin dé gilp nhan biét dong P. aeruginosa mang
plasmid téi t6 hop [78]. Vector méi thiét ké dugc dit tén 1a pUPC24.
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MCS Ball

832-bp Sacl d4u bang
tir pUCGM1

A(Ndel-Stul)| A A(Ndel-Stul)

o 1600
aacCl

ori pUCP24

1828-bp HindllI-Styl
dau bang tir pALTER-1

Hinh 1.10. CAu tric cta cac plasmid duoc tao thanh tir pUCP18 [78]
Céu truc vector duoc cau tao tir DNA ciia pUCP18 (phan mau den), tir pUCPGM (phan dé
tréng), pRO1614 (phan chdm den) va pALTER-1 (phan gach den). Vector ¢ chtra cac vi
tri cit cua enzyme: EcoRlI, Sacl, Kpnl, Smal. BamHI, Xbal, Sacl, Pstl, Sphl va HindlII

Vector pUCP24 ¢6 cau trac duoc to chic hop Iy dé hd tro nhan ban va biéu
hién gen trong céc vi khuan Gram 4m nhu Pseudomonas aeruginosa va Escherichia

coli. Céc vi tri chirc nang chinh va chiéu hoat dong cua cac gen duoc sip xép nhu
Sau:
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Nguén géc sao chép pUC ori: Nam gan diém khoi dau cua plasmid, hoat dong
theo chiéu kim ddng hd, hd trg tai ban hiéu qua trong E. coli.

Nguén gbc sao chép RSF1010 ori: Nam sau pUC ori, hoat dong theo chiéu nguoc
kim ddng hd, cho phép plasmid tai ban trong cac vi khuin Gram am khac nhu
Pseudomonas aeruginosa.

Gen khang gentamicin (aada): Pugc dinh vi gitra pUC ori va lacZo, hoat dong
theo chiéu kim dong hd. Gen nay ma héa protein khang gentamicin, cho phép chon
loc c&c vi khuan mang plasmid trong méi truong chira gentamicin.

Promoter lac va ving lacZa: Nam lién ké ving MCS, hoat dong theo chiéu kim
d6ng hd. Promoter nay diéu khién su biéu hién caa cac gen chén vao MCS, va hé
thdng lacZa hd tro kiém tra sy chén gen qua phuong phap xanh/trang.

Ving MCS (Multiple Cloning Site): Pugc bd tri sau promoter lacZa, bao gom
nhiéu vi tri nhan biét cua enzyme cit gigi han nhu EcoRI, HindIII, BamHI, Xhol,
gitp dé dang chén gen muc tiéu.

Ngoai vector pUPC24, viéc phat trién cac dong vector mai dé co thé
nhan ban 6n dinh trong cac chung vi khuan khac nhau nhiam tao cong cu cho céc
nghién cau tiép theo dong vai tro quan trong trong chuyén gen. Lee va cong su da
tao ra vector mai co kich thudc 4,87 kb cé kha niang nhan ban 6n dinh khi bién nap
vao vi khuan P. putida HK-6 va E. coli bang cach chén doan gen chiju trach nhiém
nhan ban plasmid cua chung Pseudomonas pRO1614 vao plasmid cua E. coli
pBGS18 tao thanh vector méi pJH1. Vector nay chira vung tao dong cé céac vi tri
cit cua nhiéu loai enzyme EcoRl, Sacl, Kpnl, Smal, BamHI, Xbal, Sacl, Pstl, Sphl
va Hindlll nhu vector pUCP24 nhung pJH1 dugc thay doi chira gen khang khang
sinh kanamicin. Vector méi c6 kha ning nhan ban 6n dinh & chung P. putida HK-6
(Lee et al., 2006). Syringomycin mot 13 mot chat khang nam ty nhién dugc sinh ra
boi gen syr va gen syp cua chung Pseudomonas syringae. Néu st dung vi sinh vat
cha nhu E. coli dé san sinh syringomycin c6 thé dan téi protein thu dugc bi mat
hoat tinh. Téc gia Shi-En Lu va cong su d3 tao dong vector mai chira cac gen tong
hop syringomycin nhu syr va gen syp két hop voi MBP (maltose-binding protein)
cua E. coli va doan gen plasmid pRO1600 cua ching Pseudomonas tao ra vector
méi pMEKm12. Nhém tac gia da dwa plasmid vao té bao cha la ching
Pseudomonas syringae dé tang cuong biéu hién gen lién quan dén sinh tong hop
syringomycin. Két qua cho thay vector pMEKm12 nhan ban 6n dinh trong té bao
cha, protein thu dugc tir thi nghiém nay van giir duoc hoat tinh sinh hoc diéu nay
dong vai trd quan trong trong nghién ciru xac dinh chirc nang hoa sinh lién quan dén
qua trinh tong hop peptide trong sinh tong hop syringomycin va syringopept [80].
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1.3.4.2. Tang cuong biéu hién gen nang cao hiéu sudt tong hop pyocyanin & P.
aeruginosa

P. aeruginosa c6 hai operon phz tong hop PCA vi vay, ching cé kha ning
téng hop pyocyanin véi hiéu suat cao. Do do, viéc ting luong enzyme sinh ra boi
phzM va phzS c6 thé dan dén hiéu qua trong tdng hop pyocyanin cao hon chung tu
nhién. Tuy nhién, ham lueong hai enzyme ma hoéa tir hai gen ciing can & ty 1& nhat
dinh, can bang thi méi c6 kha ning thu duoc pyocyanin véi ham luong cao. Nhu da
dugc mo ta trén con dudng chuyén hda sinh tong hop pyocyanin, néu ting cudng
biéu hién PhzS ma thiéu hut PhzM thi chang s& uu tién sinh tong hop 1-
hydroxyphenazine. Néu ting cudng biéu hién PhzM ma thiéu hut PhzA thi chi thu
duoc 5-methylphenazine-1-carboxylic acid betaine. PhzS tham gia vao ca hai
duong, trong d6 con duong sinh ra 1-hydroxyphenazine 1a con duong ngan nhat, dé
dugc chung wu tién nhat. Trong khi d6, con dudng sinh pyocyanin lai 1 con dudng
phac tap hon, phu thudoc vao lugng 5-methylphenazine-1-carboxylic acid betaine
tong hop duwa trén PCA do su xUc tac caa PhzM. Do vay, viéc ting cudng biéu hién
hai enzyme nay dé lam tang sinh tong hop pyocyanin la van dé can dugc nghién
ctru. Céc nghién ctru lién quan dén chuyén gen lam ting sinh tong hop pyocyanin
duoc liét ké ¢ Bang 1.3.

Bang 1.3. Mot s6 phuong phép nang cao kha ning sinh pyocyanin ¢ P. aeruginosa

Tén chang ‘ Giai phap Ning suit ting pyocyanin

Nang cao khd ndng sinh pyocyanin bang phwong phdp chuyén gen trong operon phz

Str dung vector pUCP24 chuyén | Tang tir 20 mg/L & chang ty

P. aeruginosa PA-pUCP- .
J P cum gen phz vao chuang vi khuan | nhién Ién 48,15 mg/L & ching

Phz++ [81] . X
P. aeruginosa MCCB117 chuyén gen
Chuang P. aeruginosa dot bién Nong d6 pyocyanin thu duoc
P. aeruginosa YTArpoS [82] | loai bo gen rpoS dan dén gen tir chung dot bién ting 4 14n
phzM tang cudng biéu hién. S0 vai chang ty nhién.

Néng cao khd nang sinh pyocyanin bang thay doi nguén co chdt, diéu kién phwong phdp nuéi ciy

Str dung vector oxygen la n- | Tir 11,96 mg/L Ién 21,2 mg/L

P. aeruginosa OGL1 [83 ) .
g [83] hexane ¢ nong do toi uu 3,48%

Str dung vector oxygen la toluen | Ttr 8 mg/L 1én 33 mg/L

P. aeruginosa OG1 [84] 5 néng o 0,20
¢ nong do 0,2%

Nubi bd sung méi truong lién | 365 pg/mL 1én 676 pg/mL

P. aeruginosa JY21 [85
9 [85] tuc (Fed-batch cultivation)

P. aeruginosa KU_BIO2 [46] | KingA +d4u nanh 2,56 ug/mL

Téc gia Priyaja da tién hanh chuyén gen tong hop pyocyanin bao gém operon
c6 chra phz, gen phzM va phzS cua chung P. aeruginosa MCCB117 dai khoang hon
10 kb vao vector pUCP24 sau d6 chuyén vector ndy vao chinh ching nay va dat tén




30

la P. aeruginosa PA-pUCP-Phz++. Két qua ndng do pyocyanin thu duoc cao gap
d6i chung tu nhién (Bang 1.3). Pay 1a mét trong nhitng nghién ctu dau tién vé
chuyén gen ting sinh pyocyanin. Tac gia Wang va cong su dd nghién ctru tao ra
chang P. aeruginosa dot bién thiéu vang gen rpoS 1a gen diéu hoa mat do té bao cua
P. aeruginosa [82]. Két qua cho thdy chung P. aeruginosa YTArpoS (chung dot
bién thiéu gen rpoS) c6 kha ning ting sinh gip d6i lwong PCA so véi chang tu
nhién, hon nira ham lugng pyocyanin thu duoc da ting gap 4 1an so véi chang tu
nhién (Bang 1.3). Tac gia da tim ra su thiéu ving gen rpoS da lam cho gen phzM
tang cuong biéu hién va hoat dong dan dén ting sinh pyocyanin, nhung Vé co ché
tai sao dan dén hién twong nay thi can phai ¢ cac nghién cau tiép theo [82]. Trong
mot nghién cau khac chang P. aeruginosa OM13 dugc tao dot bién bang
nitrosoguanidine (MNNG), két qua cho thay chung dot bién c6 vong khang nam gap
d6i so véi ching ty nhién. Nhom tac gia cho rang kha nang khang nam caa ching
nay ting 1én sau dot bién co lién quan dén kha ning sinh pyocyanin ctia ching nay
do pyocyanin la chat c6 kha niang khang nam chinh cua P. aeruginosa [86]. Cac
nghién ciru ndy cho thdy kha ning ¢ng dung chuyén gen vao san xuét pyocyanin &
quy mo I6n 1a didu c6 thé. Chung dot bién tao thanh c6 thé dong vai tro 1a ching
gdc trong cac nghién ctu tiép theo nhu téi wu hoa qua trinh 1én men dé phuc vu cho
san xuat pyocyanin trén quy mé cong nghiép.
1.4. Cac yéu t6 anh hwéng dén su sinh tong hop pyocyanin béi P. aeruginosa
Moi trudng KingA 1a moi trudng kinh dién téi wu cho P. aeruginosa sinh
t6ng hop pyocyanin do méi trudng ndy tc ché P. aeruginosa sinh tong hop cac chat
sinh sic to khac [87]. CO rat nhiéu nghién ctu vé téi wu kha nang sinh pyocyanin
bang cach t6i wu thanh phan moéi trudng nudi ciy nhu bd sung cac amino acid nhu
alanine va leucine vao mai truong nubi cdy hoiac bd sung thém glycerol, sit va
sulphur [54]. Viéc bd sung thanh phan nhu amino acid alanine va glycerol vao moi
truong KingA d3 mang lai hiéu qua cao cho hiéu suat tong hop pyocyanin. Viéc bo
sung thém nalidixic acid vao méi truong KingA da 1am giam nong do cetrimide, uc
ché nhiém khuan do d6 tang cudng sinh truéng cua P. aeruginosa dong thoi tang kha
nang tong hop pyocyanin caa ching nay [41]. Ngoai ra con mot sb yéu té khéc cling
g6p phan quyét dinh kha nang sinh pyocyanin tir chiing tu nhién va ching dot bién da
cho thy su can kiét phosphate trong méi truong nudi ciy ciing ting cudng san sinh
chat sinh sac t6. Cox da tim thdy bang chiing vé giam nong do sat trong moi trudng
nudi cay tao diéu kién cho qua trinh sinh tong hop pyocyanin [41]. Kha nang sinh
pyocyanin ciing phu thudc vao mat do té bao nudi cay do sir dung céc thanh phan
dinh dudng nhanh dan dén thiéu dinh dudng trong méi truong nudi cdy nhung dicu
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nay lai c6 thé mang lai hiéu qua sinh pyocyanin cao hon binh thuong [41].

Mot sb tac gia d4 &p dung cac phuong phéap téi vu sir dung cac méd hinh
théng ké nham lra chon cac yéu té ¢ anh huéng chinh dén qué trinh sinh téng hop
pyocyanin bai P. aeruginosa va tim ra diéu kién ti wvu nhiam ting hiéu suit cua qua
trinh ndy. Md hinh Plackett-Burman (PBD) la md hinh phé bién duoc st dung
nham loai bo cac han ché cua qua trinh tdi vu mét yéu td, md hinh nay cho phép xac
dinh mét cach nhanh chéng céac yéu té c6 anh huong dang ké dén qua trinh sinh
tong hop cac hoat chét thir cp. Trong khi d6, phuong phap dap wng bé mat cho
phép danh gia dugc tac dong cua cac yéu td, cac tac dong qua lai gitra cac bién tur
d6 chon lya dugc diéu kién ti wvu cho qua trinh mong mudn. Hai mé hinh phé bién
cia phuong phap dap wng bé mit bao gdm Central composite (CCD) va Box-
Behnken. Tuy nhién cac nghién ctu tdi wu qua trinh sinh tong hop pyocyanin sir
dung mé hinh thong ké hién nay con it. M6 hinh PBD va CCD da duoc ap dung d6i
vé6i ching Pseudomonas sp. M-18Q, hiéu suit sinh phenazine da ting 65,3% so voi
méi trudong gde [88]. Hai nghién ctu cua Patil va cong su (2017), Gahlout va cong
su (2021) déu cho thay peptone 1a bién c6 anh huéng dang ké dén hiéu suat sinh
pyocyanin, nghién ctru dc tién hanh trén hai ddi twgng khac nhau, Patil nghién ctu
chung Pseudomonas sp. MCC 3145 trong khi Gahlout tap trung vao P. aeruginosa
DN9 la chung sinh pyocyanin duoc phan l1ap tir mau [89][90][91]. P. aeruginosa
JY21 sinh pyocyanin 1én dén 311,1 pg/mL va Pseudomonas MCCB 103 sau qué
trinh t6i wu hiéu suat sinh téng hop pyocyanin I&n gip nam 1an so v&i méi trudng
chua t6i uu [85].

Viéc bd sung dung mdi va chat hoat dong bé mit da dugc chitng minh ¢é kha
ning tang sinh pyocyanin béi P. aeruginosa [83]. Khi bd sung toluene véi nong do
0,2%, ham lugng pyocyanin thu duoc ting 1én dén 312% so véi diéu kién khdng b
sung toluene. Phuong thirc 18n men c¢6 b6 sung dung méi, chat hoat dong bé mat, c6
thé sir dung cho céc hinh thic 18n men vi sinh vat thu céc hoat chat thi cap mot
cach hiéu qua [92][93]. Mot s6 dung moi dong vai tro nhu cac chat dan truyén oxy
dén vi sinh vat (oxygen vector), cdc chit nay nhu hexane, n-dodecane cac
hydrocacbon hay chat phé bot duoc sir dung nhu mét chat b6 sung nham tang luong
oxy hoa tan trong dung dich 1&én men. Cac chat nay thuong khong gay doc di véi vi
sinh vat, ching c6 thé 12 ngudn carbon va nang lugng bo sung. Ngoai vector oxygen
duogc sir dung, thoi gian bd sung cac chat nay trong qua trinh 1én men thu hoat chat
thir cap ciing rat quan trong dé dat dugc hiéu suat cao (Bang 1.3). Ozdal (2019) lén
men ching P. aeruginosa OG1 dudi diéu kién téi uu c6 bd sung n-hexane 3,48%
sau 33,93 gid nudi cay da tang hiéu suat sinh pyocyanin 1én gap 2 lan [83].
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Vit liéu nano c¢6 anh huong I6n dén qué trinh hinh thanh mang sinh hoc va
hd hap té bao cua P. aeruginosa [94][95], ngoai ra chling con c6 tac dung trong kich
thich ting hoat tinh sinh téng hop cac sic t6 trong d6 co pyocyanin. Cac vat lidu
nano thudng dwoc sir dung gom nano bac, nano k&m, céc dang silica nanotube. ..
[96][97]. Tuy nhién, ndng do cua cac vat lidu nano bd sung co tac dung ting sinh
pyocyanin thuong kha cao, dac biét la cac vat liéu nano oxit kim loai. Jablonska da
nghién ctu anh huwong cua cac loai vat liéu khac nhau l1én kha nang sinh pyocyanin
boi P. aeruginosa, két qua cho thay ddi véi vat liéu nanotube dudi dang phan tan
cho két qua tang sinh tét hon khi chi can b sung voi ndng do thap so véi cling vat
liu & dang khong phan tan. Trong khi d6, nong d6 cao ciia nano kém lai ic ché qua
trinh sinh pyocyanin, véi nong do thap thi ¢ kha ning lam tang hiéu suat tong hop
pycocyanin [94].

Nhiéu loai chat bd sung khac nhau duoc sir dung trong qué trinh nghién ctu
t6i wu qué trinh sinh tong hop sic t6 cua P. aeruginosa. Bén canh cac thanh phan
moi trudng co ban 1 ngudn cung cip carbon va nitrogen, cac chat bo sung khac
dong vai trd nhu chat cam tng, chét kich thich cho qué trinh nay [98][99]. Mét sb
hop chét da duoc nghién ciru nhu céac loai dau gom dau thuc vat vi du nhu dau 6 liu,
dau thd, cac chat chiét thuc vat hay phu phé pham cua cac quy trinh céng nghiép. Vi
du nhu bi malt caa qua trinh san xuat bia tha cong khi bd sung vao méi truong
King A di giup cho luong pyocyanin thu duoc ting 1én 70% so véi ddi ching
[100][43][98].
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CHUONG 2. PHUONG PHAP NGHIEN CUU
2.1. Vat liéu va héa chit
C4c mau nudc nubi thiy san, mau tdm va ca duoc thu thap tir thang 1 dén
thang 3 ndm 2017 tai Quang Ninh, Ninh Binh va Nam Dinh la ngudn d phan lap
chang vi khuan c6 kha ning sinh pyocyanin (Bang 2.1).
Bang 2.1. Danh s&ch cac mau sir dung trong nghién ctu

>

TT Ky hi¢u miu Dija diém phan lap Ngudn phan lap S6 mau
1 NT1-NT3 Tién Yén - Quang Ninh Nudc nubi tom 3
2 BT1-BT3 Tién Yén - Quang Ninh Bun ao nudi tdm 3
3 XT1- XT3 Tién Yén - Quang Ninh Xoang tiéu héa tbm 3
4 XT4-XT6 uong Bi - Quang Ninh Xoang tiéu héa tdm 3
5 NT 1 Kim Son - Ninh Binh Nudc ao tom 1
6 Bcl Kim Son - Ninh Binh Bun ao ca 1
7 XT7-XT8 Kim Son - Ninh Binh Xoang tiéu hda tdm 2
8 Rt1-Rt3 Kim Son - Ninh Binh Ruét tom thé 3
9 Bc2 —Bc3 Giao Thuy - Nam Binh Bun ao ca 2
10 Bc5- Beb Giao Thuy - Nam Dinh Nudc ao ca 2
11 Tcl Giao Thuy - Nam Dinh Thén ca 1
12 Gcl Giao Thuy - Nam Dinh Gan ca 1

Céac chung thuéc Bo suu tap cua phong Cong nghé sinh hoc tai tao moi
trrong-Vién Cong nghé sinh hoc: 10 chang ki hiéu : PS5, PS8, PS9, PS10, PS12,
PS39, PS40, PS41, PS42, PS43 duogc phan 1ap tir cac mau nudc, bun ao nudi tom tai
c4c tinh Quang Ninh, Nam Dinh; Céc chung vi khuan Vibrio spp. duoc phan lap tix
tdm bénh bao gom V. parahaemolyticus VpKG12T1; V. parahaemolyticus
VpST22T; V. parahaemolyticus VpCMT31; V. harveyiharveyi Vh3; va V.
alginolyticus Val. Té bao E. coli TOP10, E. coli BL21 va E. coli Rosetta, dugc su
dung trong nghién cau kiém tra su hoat dong cua gen phzS, phzM trong vector
pUCP24. Plasmid pUCP24 la qua tang cua Giao su Schweizer, Dai hoc Florida,
My.

Thanh phan va cac méi treong nudi cdy vi khuan duoc sir dung caa cac hang
nhu Merck va Himedia bao gom NB (Merck 1.05443); BHI (Merck 1.10493); LB
(Merck 71753); marine agar MRS (2216E); and KingA (Himedia M1543); TCBS
(Merck 86348).

Céc hoa chat dung cho sinh hoc phan tir dat tiéu chuan ding cho nghién cau
Vv6i xuat xt tir cac hdng ThermoScience, Invitrogen va may PCR (Eppendorf - M),
bo dién di (Mupid R 2plus — Nhat), may soi gel (UV Transilluminator, Wealtec, Dai
Loan). Cac cap mdi st dung trong nghién ctiru duoc liét ké tai Bang 2.2.
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Bang 2.2. Danh sach cac cap mdi sir dung trong nghién cau

Tén N s,
Muc dich N Trinh tu Vi tri moi
mol
Khuéch dai gendac  pa ¢ 5-GGGGATCTTCGGACCTCA-3’ 189-206
trung loai PA 956
(Spilker, 2004) PAR  5-TCCTTAGAGTGCCC ACCCG -3’ 1124-1144

3670-3693 (Plasmid
Khuéch dai gen phzM pUCP24-phzMS)

(Mavrodi, 2001) 2672-2691 (Plasmid
phzM-R 5’-CCGTTGAAAGTTCCGATTCA-3
pUCP24-phzMS)

phzM-F  5-ATGAATAATTCGAATCTTGCTG-3’

2646-2663 (Plasmid
Khuéch dai gen phzS pUCP24-phzMS)
(Mavrodi, 2001) 1429-1451 (Plasmid

phzS-R  5-TTGCATGCTAGCGTGGCCGTTCC-3’
pUCP24-phzMS)

phzS-F 5’-CTCTAGAAAAGGAAGCACC-3’

Giai trinh tu plasmid 1390-1412 (Plasmid
) ) M13F 5’>-GTAAAACGACGGCCAG-3’
(Universal primer) pUCP24-phzMS)

Cha thich: ATG: codon khai dau, TCA, CTA: codon két thic (TGA va TAG trén mach bo sung);
TCTAGA: vi tri nhan biét Xbal, GCATGC: vi tri nhan biét caa Sphl.
2.2. Phwong phap vi sinh vat
2.2.1. Phwong phdp phan lgp vi khudn sinh pyocyanin

Nudc nudi thay san, cac xoang tiéu hoa cua tom ca dugc nghién ki va duoc
pha loing vé cac nong do 103,10 va 105, cay trai 0,1 mL dich pha lodng 1én dia
thach KingA va u & 30°C. Sau 24 gio, quan sat va chon nhitng khuan lac c6 mau
xanh va 1am d6i mau méi trudng sang xanh dé cay chuyén lién tuc nham tao chung
thuan khiét. Nhitng ching nay duoc cdy trong méi truong long KingA dé kiém tra
kha ning tiét pyocyanin va trén dia thach KingB dé quan séat kha nang phét huynh
quang [87].
2.2.2. Phwong phdp nhugm Gram va chup anh kinh hién vi dign ti quét

Nhuém Gram dugc tién hanh theo phuong phap Hucker cai tién [101], hinh
thai té bao vi khuan duoc quan sat va ghi lai hinh anh dudi kinh hién vi dién tir quét
(SEM — Hitachi S-4800, Nhat). Mau vi khuan duoc chuan bi dé quan sat duéi kinh
hién vi dién tir quét: Thu té bao tir dia nudi cdy, ria trong dung dich cacodylate
0,1M, ly tdm 3000 vong/phut trong 5 phit (2-3 lan) thu taa; C6 dinh mau bang 2,5-
3% glutaraldehyde/cacodylate 0,1M, pH 7,2 (1 gio hoic qua dém & 4°C); Rira mau
bang dung dich cacodylate 0,1M trong 1 gio & nhiét dd phong va cb dinh mau bang
0s04 1% trong cacodylate 0,1M trong 1 gio & nhiét do phong; Sau dé, rira mau
bang dung dich cacodylate 0,1M (2 lan x 5 phat/lan); Hoa lodng mau trong con
tuyét dbi véi nong do khéac nhau (tir 50°, 70°, 80°, 90° dén 100°), nhé mau 1én giay
bac gan sin trén dé, ¢&¢ mau khd hoan toan roi phit mau bang mot Iép dan dién Pt-Pd
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va soi mau.
2.2.3. Dinh danh vi khudn theo cdc phwong phép sinh hoa

Phuong phéap duogc thuc hién theo huéng dan cua nha san xuat bo Kit API 20NE
(BioMérieux, Phap), tom tit nhu sau: 14y 2 khuan lac tir dia thach nudi sau 18-24
gio cho vao 4 mL dung dich mudi sinh Iy 0,9% da khir tring; tron déu, tranh phé
hity tién mao, tiém mao va khéng tao bot. Dung dich nay dwoc nhé vao céc giéng
phan &ng c6 sén co chit, trong d6 cac phan tng vi hiéu khi GLU, ADH va URE can
b sung dau khoang, cac phan ¢ng hiéu khi GLU, ARA, MNE, MAN, NAG, MAL,
GNT, CAP, ADI, MLT, CIT va PAC nhé dich vi khuan dudi miéng giéng (khdng
cho dich diy). U mau trong khay 4m & 30°C trong 24 gio va doc két qua.
2.2.4. Xdc dinh gen dic trung loai PA 956 ciia P. aeruginosa

DNA tong s6 duoc tach chiét theo hudng dan cua bo Kit Genomic DNA
Purification (Thermo Scientific). Haim luong DNA sau tach chiét dugc do trén hé thong
méy Nanodrop Implen2000. Str dung cap mdi PA-F va PA-R dic hiéu [102] (Bang
2.2) dé khuéch dai doan gen PA c6 chiéu dai 956 bp ¢ cac chung vi khuan phan Iap,
c6 do dac hiéu va d6 nhay 100% véi chung P. aeruginosa. Thanh phan phan ung
gom: 12,5 uL 2X Master Mix (Invitrogen), 1 uL moi PA-F (10 pM), 1 uL méi PA-
R (10 uM), 2 uL DNA tong s6 (80-100 ng/uL) tach chiét tir cac chung phan l1ap va
thém H20 dén 25 pL. Chu trinh nhiét cho phan &ng: 94°C-5 phat; 35 chu ki (94°C-
30 gidy; 58°C-30 gidy; 72°C-45 gidy) va két thiic phan ung o 4°C. San pham PCR
duoc Kiém tra trén gel agarose 1,5%, dém TAE 1X.

2.2.5. Xay dung cay phat sinh loai

Trinh ty ving gen 16S rRNA duoc st dung dé dinh danh vi khuan nghién
ctru bang cach so sanh véi co so dir liéu trén GenBank bang cong cu BLAST trén
NCBI (www.ncbi.nlm.nih.gov), cay phét sinh chang loai duoc xay dung bang phan
mém MEGA 7 theo phuong phap Neighbor - Joining, gia tri boostrap véi s6 lap lai
(replicate) 1a 1000 lan.

2.2.6. Xdc dinh hogt tinh enzyme ngogi bao

M®6i trurdng nudi ciy va dia thach thir hoat tinh duwoc chuan bi véi cac co chat
dac hiéu cho tirng loai enzyme ngoai bao nhu amylase, protease, gelatinase, lipase
(Phu lyc 1). Cay cham diém vi khuan 1én cdc mdi truong co chét tuong ung, u dia &
30°C qua dém, sau d6 quan sat két qua thi nghiém.

Kiém tra hoat tinh amylase bang cach nhuém dung dich Lugol 1% vao dia
thach. Quan sét két qua néu thdy xuat hién ving trong sudt xung quanh khuan lac
thi xac dinh chang vi khuan dé c6 hoat tinh enzym amylase, nguoc lai s& khdng c6
hoat tinh.
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Kiém tra hoat tinh protease, gelatinase bang céch nhuém dia thach Vv&i
trichloroacetic acid 5% (TCA). Néu xuit hién ving trong sudt xung quanh khuan
lac thi ta két luan chung vi khuin cé hoat tinh cua enzym protease, gelatinase va
nguoc lai néu ta khéng thiy xuat hién ving trong sudt thi két luan chung vi khuan
d6 khong c6 hoat tinh enzym do.

Kiém tra hoat tinh lipase, néu ta thiy xung quanh khuan lac duc Ién thi két
luan chung vi khuan c6 hoat tinh enzym dé.

2.3. Thiét ké vector biéu hién va biéu hién gen
2.3.1. Tach chiét DNA téng sé cia vi khudn

DNA tong sé dugc tach chiét theo huéng dan cua bo Kit Genomic DNA
Purification (Thermo Scientific) va dién di kiém tra trén gel agarose 1%, dém TAE 1X,
sir dung bo dién di nam ngang (Hang Major — My). Ham luong DNA dugc do bang
may Nanodrop Implen2000.
2.3.2. Phwong phdp dién di kiém tra DNA

DNA tong sb, san pham PCR, plasmid va cac san pham cat gi6i han duoc
kiém tra va xac dinh trén gel agarose véi nong do 1-2% agarose theo phuwong phap
ctia Sambrook va dong tac gia [103]. Qua trinh dién di s dung dém TAE 1X, hiéu
dién thé 100 volt, thoi gian dién di trong khoang 20-40 phat. DNA duoc quan sat
dudi dén UV sau khi nhuom véi ethidium bromide 0,5 pg/mL.

2.3.3. Phwong phap tach dong va xdc dinh trinh tw gen phzM va phzS

Hai gen phzM va phzS cua chung vi khuan P. aeruginosa PS39 duoc khuéch
dai voi cac cap moi lan luot 1a phzM-F, phzM-R va phzS-F, phzS-R. Cap méi cho
khuéch dai gen phzS duoc thiét ké c6 chta trinh ty cat cua enzyme giéi han Xbal va
Sphl. Thanh phan phan tng gom: 12,5 pL 2X Master Mix (Invitrogen), 1 pL mdi mdi
loai (2 uM), 2 uL DNA t6ng sb cua P. aeruginosa PS39 va thém H,0 cho dén 25 plL.
Chu trinh nhiét: 94°C- 5 phat; 35 chu ky (94°C -30 gidy, 50°C cho gen phzM va 60°C
cho gen phzS -30 gidy, 72°C-1 phdt); 72°C-5 phut va 4°C. Poan DNA dugc khuéch
dai co chiéu dai theo ly thuyét, lan lugt khoang 1000 bp va 1200 bp.

San pham PCR (50 pL) san pham PCR dugc dién di trén gel agarose 1%. Cat
phan gel twong ng Véi cac bang DNA dung véi kich thude mong doi (phzM va phzS
¢6 kich thuéc lan luot 13 1005 va 1209 bp) va tinh sach theo huéng dan cua bo Kit
QIAquick Gel Extracion (QIAGEN). DNA tinh sach cua gen phzM va phzS duoc
tao dong vao vector pJET1.2 theo huéng dan cua bo kit CloneJET™ PCR Cloning
Kit (Fermentas), sau d6 dwoc bién nap vao té bao kha bién E. coli TOP10 theo
phuong phéap ctia Sambrook va déng tac gia (2001) [103]. Plasmid tir khuan lac
moc trén dia duogc tach chiét va kiém tra sy c6 mat cua gen phzM va phzS dugc chén
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bang cit véi enzyme gigi han Xhol and Xbal va PCR v&i cip méi (pJET1.2F;
phzM-R). Plasmid téi t6 hop nhan duoc tir té bao E. coli dugc sir dung dé giai trinh
tu gen theo phuong phap Sanger. So sanh trinh tu gen nhan dwoc vdi cac trinh tu
gen phzM va phzS khac trén GenBank dé danh gia mirc do twong dong (bang
chuong trinh BLAST trén NCBI-https://blast.ncbi.nlm.nih.gov/ BlastAlign.cgi).
2.3.4. Phwong phdp tao plasmid tai té hgp pUCP24-phzMS

Vector pUCP24 duogc tao dau bang nho cét véi enzyme Smal. Gen phzM
(1005 bp) duoc khuéch dai bang phuong phap PCR tir hé gen cua chung vi khuan P.
aeruginosa PS39 nhu da trinh bay ¢ trén, s dung Taq polymerase. San pham PCR
sau d6 duoc 1am bang dau bang enzyme blunting trong bo kit CloneJET™ PCR
Cloning Kit (Fermentas) sau d6 duoc ndi vao vector pUCP24 nhd T4 DNA ligase
(Fermentas), & 22°C trong 10 phit dé tao thanh vector pUCP24-phzM. San pham
sau khi ndi duoc bién nap vao té bao E. coli Topl0O theo phwong phap cua
Sambrook va dong tac gia (2001) [103] va duoc trai trén dia LB ¢ chtra 5 png/mL
gentamycin. Plasmid tir cac dong bién nap duoc tach chiét va kiém tra sy c6 mat
cua gen phzM bang PCR véi ciap moi M13F, phzM-R (Bang 2.2) trong d6 moi
M13F bét cap bo sung veéi trinh ty cua vector pUCP24 va cat bang cap enzyme gigi
han EcoRI va HindlIl nam trén vector & hai dau cuaa gen.

Vector pUCP24-phzM sau d6 dugc dugc cat bai hai enzyme gigi han Xbal
va Sphl. Gen phzS mang ca trinh ty nhan biét boi ribosome (kich thudc 1222
nucleotide tir vi tri -13 dén +1209) duwoc khuéch dai tir chung vi khuan P.
aeruginosa PS39 nhu d3 trinh bay ¢ trén sau d6 duoc cit bang enzyme han ché
Xbal va Sphl. San pham sau cit duoc tinh sach lai bing bo Kit QIAquick Gel
Extracion (QIAGEN) va duoc néi ghép dé tao thanh vector pUCP24-phzMS bang
enzyme T4 DNA ligase (Hinh 2.1). San pham sau khi ghép gen dugc chuyén bién
nap vao té bao kha bién E. coli Top10 dé tach dong va chon dong plasmid. Plasmid
tir cac chung tai t6 hop duoc tach chiét bang kit AccuPrep plasmid Mini Extraction
Kit (BIONEER). Plasmid thu nhan sau tach chiét duoc cat voi enzyme gii han
EcoRI va Hindlll dé kiém tra sy c6 mat cia phzS va PCR khuéch dai gen phzM
bang cap moi M13F, phzM-R (Bang 2.2). Vector pUCP24-phzMS duoc giai trinh
tu trén hé thdng giai trinh tu gen thé hé méi nhiam kiém tra toan bo operon biéu hién
cua gen phzMS trong vector. Vector sau giai trinh ty dugc dang ky trén ngan hang
gen ma sé6 MZ399165.1.
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Hinh 2.1. So dd qua trinh thiét ké vector pUCP24-phzMS
2.3.5. Kiém tra sw biéu hi¢n ciia phzM, phzS trong E. coli
2.3.5.1. Biéu hién gen

Theo ly thuyét, viéc kiém tra kha nang biéu hién ctia gen ngoai lai phai duoc
tién hanh truc tiép trén chung tai to hgp mang gen. Tuy nhién, trong nghién ctu
nay, viéc kiém tra su biéu hién cua gen trong chung téi té hop P. aeruginosa PS39
gap kho khin do hai nguyén nhan: (1) promoter Lac trong vector pUCP24 ¢6 ngudn
gdc tir pUC18 khdng phai 1a promoter hoat ddong manh dé dung cho biéu hién gen.
Vi viy, gen duoc dat dudi sy kiém soét cua promoter ndy thuong c6 mic do biéu
hién thap; (2) Gen phzM, phzS trong pUCP24-phzMS c6 ciing ngudn goc, ma hoa
cho ciing loai enzyme va mirc do biéu hién lai khéng cao nén khé cé kha ning danh
gia, phan biét enzyme tong hop tir ching chii va tir plasmid dua vao. Do vay, trong
nghién ctu nay, dé kiém tra su biéu hién cua gen trong vector pUCP24-phzMS
chung t6i dd chon phuong 4n kiém tra gian tiép théng qua sy biéu hién cua gen
trong E. coli.

Plasmid tai t6 hgp pUCP24-phzMS dugc bién nap vao té bao E. coli BL21
(DE3), E. coli Rosetta va dugc trai trén dia thach LB c0 5 pg/mL gentamycin
(LBG). Dong khuan lac moc trén dia duoc cay chuyén vao 5 ml méi truong LBG va
lic 200 vong/phit & 37°C qua dém. Dich té bao nudi cdy qua dém duogc chuyén
sang moi truong LBG moi sao cho chi s6 ODgoo tai thoi diém bat dau nudi cdy dat
khoang 0,1. Dich nudi cay tiép tuc lic & 37°C, 200 vong/phut cho dén khi ODggo dat
0,6-1,0 thi b6 sung thém IPTG & nong do cudi cing 0,5 mM dé cam &ng promoter
Lac phién ma gen phzM, phzS. Té bao dugc nudi tiép trong thoi gian 6 gio ©
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cung diéu kién. Sau dé, té bao duogc thu lai bang ly tim 10000 rpm trong 5 phat va
hoa vao nudc sao cho ODgoo = 10. Protein tong sé trong chung tai to hop dugc kiém
tra bang cach, bd sung 10 pl dém xar Iy mau vao 50 pl té bao c6 ODeoo = 10, lic
déu, sau d6 xir Iy & 100°C trong 5 phit. Mau duoc dit ngay trén dé trong 2 phut, ly
tam nhe. Dich néi chira protein téng sé duoc kiém tra bang dién di SDS-PAGE theo
phuong phap ciia Laemmli trén gel polyacrylamid 12,6% [104].

Dé danh gia protein tai to hop duoc tong hop ¢ pha protein tan hay khong tan,
té bao biéu hién dugc pha v& bang siéu 4m voi chu ky 10 gidy siéu am va 20 gidy
nghi trong tong thoi gian 10 phit & tin s 20 khz. Sau d6, dich siéu 4am dugc ly tAm
13000 vong/phit trong 10 phut dé tach protein pha tan va pha khong tan. Pha tan Ia
phﬁn dich ndi duge thu lai, con phﬁn can la pha khong tan dugc hoa tr¢ lai trong
nuéc cat vo tring dé dién di kiém tra.
2.3.5.2. bién di bién tinh protein trén gel polyactylamide-SDS

Chudn b; gel: Gel dién di polyacrylamide gdm c6 hai phan la gel tach va gel
¢d, dugc chuan bi theo céc thanh phan ghi trong Bang 2.3.

Bang 2.3. Thanh phan gel polyacrylamide

Thanh phan Gel tach 125% | Gel cd 5%
ddH.O 0,55ml 0,45 ml
Tris 0,5 M pH 6,8 - 0,2ml
Tris1,5M pH 8,8 1,125 ml -
Glycerol 50% 0,9 mi -
Acrylamid 30% 1,89 mi 0,14 ml
SDS 10% 45 pl 4l
APS 10% 30 pl 8 ul
TEMED 3ul 1ul
Tong 4,543 ml 0,803 ml

Quy trinh dién di: Dich té bao hoic dich protein ¢ pha tan va pha tua duoc
xur Iy bang dém xtr Iy mau 6X (7 ml Tris-HCI 1 M, pH, 6,8; 3 ml glycerol 100%; 1
g SDS; 0,6 ml 2-mercapto-ethanol; 1,2 mg bromophenol G-250) va u ¢ 100°C trong
5-10 phit. Sau d6, mau dugc cho vao giéng va dién di trong dém Tris glycine (0,05
M Tris; 0,192 M glycine; 0,1% SDS) véi cuong do dong dién 10 mA cho moi ban
gel cho dén khi mau qua hét 16p gel ¢o. Tiép theo, cuong d6 dong dién duoc ting
1én 20 mA cho mdi ban gel khi mau dén 16p gel c6 nong dd polyacrylamide cao hon
(12,6%). Két thuc dién di, gel dugc nhuém coomassie brilliant blue R250 (0.1%
coomassie R250, 10% acetic acid, 40% methanol). Sau khi u véi thudc nhuom, gel
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duoc rira sach bang dung dich tiy nhuoém (10% acetic acid, 40% methanol) cho dén
khi quan sat dugc rd rang cac bang protein.

2.3.6. Taqo chaing tai té hep P. aeruginosa PS39 mang plasmid pUCP24-phzMS
2.3.6.1. Chudn bj té bao khda bién P. aeruginosa PS39

Té bao kha bién P. aeruginosa PS39 duoc chuan bi méi cho bién nap bang
xung dién. Cay vi khuan vao méi trudng NB long (g/L: D(+)-glucose 1 g, peptone
15 g, sodium chloride 6 g, yeast extract 3 g) va nudi dé dat ODsoo = 0,3-0,4. Rura té
bao 3 lan vai dung dich sucrose 300 mM lanh va thu giir té bao trong sucrose 300
MM lanh, bao quan & - 80°C [105].
2.3.6.2. Bién ngp plasmid tai té hop vao té bao P. aeruginosa PS39

Plasmid pUCP24-phzMS (1 uL, nong d6 50 ng/ul) duoc tron vao té bao kha
bién P. aeruginosa PS39 va chuyén vao cuvet 0,2 cm (Bio-Rad). Tién hanh xung dién
& céc hiéu dién thé khac nhau U = 1500, 2000 va 2500 (V) va thoi gian hang dinh t
= 3 ms. Thém ngay 500 uL méi truong SOC ((g/L): yeast extract 5 g, tryptone 20 g,
NaCl 0,584 g, KCI 0,186 g, MgSO4 2,4 g, glucose 4 g) vao cuvet, dao déu. Mau
duogc hat chuyén sang 6ng Eppendorf 1,5 ml va nudi phuc hoi vi khuan ¢ 30°C trong
2 gio. Sau d6 vi khuan dugc cay trai 1én dia thach NB c6 chira gentamicin 200 pg/mL
(NBG). Sau 24 gio, l1am giau cac khuan lac trong NB long dé tach plasmid va kiém
tra sy ton tai cua plasmid tai t6 hop.

2.3.7. Kiém tra sw c6 mat cia plasmid tai té hep pUCP24-phzMS trong ching tai
té hop

Nubi cay cac khuan lac P. aeruginosa PS39 sau bién nap trong méi truong NB
¢ gentamicin 200 pg/mL. Plasmid tir cac mau duoc tach chiét bang bo Kit AccuPrep
plasmid Mini Extraction Kit (BIONEER) va dién di kiém tra trén gel agarose 1%.
Quy trinh tach chiét dugc tom tat nhu sau: sinh khdi vi khuan dugc thu bang ly tam
8000 vong/phut trong hai phit. Sau d6 té bao duoc pha v& bang dung dich kiém.
Plasmid duogc tach khoi phac hop cia DNA nhiém sic thé va xac té bao bang ly tam
& 13000 vong/phut, 4°C trong 10 phit. Dung dich chira plasmid dwoc bd sung vao cot
tach chiét, plasmid s& lién két véi mang silica cua cot. Tap chat s& duoc loai bo bing
dém rira & budc tiép theo. Cubi cuing, plasmid duoc rira giai bang cach str dung dém
rira giai la Tris-HCI 10 mM (pH 8,0).

Plasmid thu nhan sau tach chiét dugc cit véi enzyme gigi han EcoRI va
HindIII dé kiém tra sy c6 mat caa phzS va PCR khuéch dai gen phzM bang cap
moi M13F; phzM-R (Bang 2.2). Chu trinh nhiét: 94°C- 5 phat; 35 chu ky (94 °C-
30 gidy, 52 °C-30 gidy, 72 °C-1 phat); 72°C-5 phat, 4°C. Chung P. aeruginosa
PS39 lam d6i chung.
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2.3.8. Gidi trinh tw plasmid pUCP24-phzMS dé kiém tra cassete biéu hi¢gn phzMS
bang hé théng gidi trinh tw thé hg mdi

Sau khi tach chiét, plasmid tai t6 hop pUCP24-phzMS duoc st dung lam dau
vao dé tao ra mét thu vién paired-end bang cach str dung Nextera XT DNA Library
Prep Kit (Illumina, USA). Quy trinh duoc thuc hién theo huéng dan cua nha san
xuit. Kich thuéc trung binh caa amplicon 1a 300 bp. Viéc giai trinh ty dwoc thuc
hién tir ca hai dau (150 chu ky x2) bai hé théng Miseq (1llumina Inc.) tai Cong ty cb
phan dich vu phan tich di truyén Gentis. Dit liéu thé dugc so sanh véi trinh tu
plasmid pUCP24-phzMS trén ly thuyét (M& sé genbank U07167) bing céch sir
dung chuong trinh BWA. Két qua so sanh dugc tryc quan hda bai IGV [106].

Sau 16 gio tién hanh do OD va thu sinh khéi bang ly tdm ¢ nhiét d6 thuong
5.500 vong/phut trong 5 phut dé thuc hién budéc tiép theo.
2.3.9. Phwong phap bao qudn va nudi cdy chiing giong

Cac chuang vi khuan duoc bao quan trong méi truong NBG c6 chaa va
30% glycerol va gitt & -80°C. Hoat hoa va nudi cdy cac chung vi khuan trong 20
mL moéi truong NBG, KingA c6 chira gentamycin 200 ug/mL cho cac thi nghiém
tiép theo.
2.4. Phwong phap nghién ctru tach chiét, tinh ché pyocyanin
2.4.1. Nubi cdy chiing P. aeruginosa PS39-phzMS dé thu dich Ién men cho tach
chiét pyocyanin

P. aeruginosa PS39-phzMS dugc cdy vao 50 mL moi trudng KingA cé
chtra gentamycin 200 pg/mL (duoc viét tat 1a KingA-G), lic 200 vong/phut trong
24 gio & 30°C. Sau d6, chuyén giéng (10%) sang moi truong KingA-G va nudi
cay lac 200 vong/phat ¢én khi OD dat khoang 0,6-0,8 thi bo sung IPTG dén nong
d6 cudi cung 1a 0,5 mM va tiép tuc nudi trong cung diéu kién trong 72 gio ¢
30°C. Dich noéi chira pyocyanin dugc thu bang ly tam 5000 vong/phdt trong 10
pht va bao quan & -20°C hoic 4°C cho cac thi nghiém nghién ctu diéu kién tach
chiét, tinh ché pyocyanin.
2.4.2. Phwong phap dinh lweng pyocyanin

Dich nuéi vi khuan (1 mL) dugc dugc bo sung thém chloroform theo ty 1¢ 1:1
vé thé tich (1 dich:1 chloroform). Hon hop dich nudi va chloroform dugc lic déu, ly
tdm 5000 vong/phut trong 10 phut. Pha dudi chloroform chaa pyocyanin (0,6 mL)
dugc chuyén sang 6ng méi. Sau do, 0,6 mL 0,2M HCI duoc bd sung vao mau, lac déu,
sau d6 dé tinh dé phan pha. Pha trén mau d6 duoc thu lai va do do hap thu &nh sang tai
budc song 520 nm. Ham lugng pyocyanin xac dinh theo cdng thac: pyocyanin
(ug/mL) = OD520 x d6 pha lodng x 17,072, trong d6 17,072 1a hé s6 hap thu [107].
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2.4.3. Phwong phéap tach chiét va dinh lwong PCA

Ham lwong PCA trong dich nudi ciy té bao vi khuin dugc xac dinh theo
phuong phap ctia Mavrodi [75]. Cu thé, dich nudi cay té bao (10 mL) caa cac chung
P. aeruginosa PS39 va P. aeruginosa PS39-phzMS duoc acid héa bang clohydric
acid dam dic dé dat duoc pH 2. Dung dich acid hoa dugc chiét véi benzene ty 16
1:1. Pha hitu co duoc 1am khd bang cach dé bay hoi. Phan cin khd mau vang nhat
duoc hoa tan trong 1 mL NaOH 0,1M. Dich chiét benzene ciia méi trudng KingA
d3 acid hoa duogc sir dung lam mau trang [75].

Nong d6 PCA duoc xac dinh dwa vao duong chuan dugc xay dung dua trén
PCA tinh khiét. o hap thu quang duogc xac dinh tai buéc song 367 nm. Pudng chuan
PCA duoc thiét 1ap nhu sau: hoa tan 10 mg PCA trong 1 mL NaOH 0,1 M duoc dung
dich goc c6 mau vang chanh; hoa loing PCA dén giai ndng do 20; 10; 5; 2,5; 1,25 va
0,6 ng/mL; Po giai ndng 46 & OD 367nm trén may do quang phd. Ghi lai cac gié tri
hap thu. M&i nong d6 duoc do 13p lai 3 1an. Can ca vao gia tri OD 367nm thu duoc, V&
d6 thi & giai nong do trén vai truc tung 1a gia tri hap thu tai OD 367nm, truc hoanh la
giai ndng do duoc do bang phan mém Excel (Win 10) (Phu luc 2).
2.4.4. Lwa chen dung mdi tach chiét pyocyanin

Cac dung mdi hitu co khac nhau dugc st dung cho chiét xuat pyocyanin tir
mau nudi cay P. aeruginosa PS39-phzMS bao gém benzene, cloroform, methanol,
hexane, diclometan, va ethylacetate. Dich nudi ciy dugc bd sung thém dung méi
theo ty 1& thé tich 1 dung mdi: 2 dich nudi cay va tron déu cho dén khi xuat hién
mau xanh lam. Sy c6 mit cia pyocyanin duoc xac dinh bang cach thém thém 1 mL
HCI 0,2 N vao dung dich, dung dich c6 pyocyanin s& chuyén mau tir mau xanh lam
sang mau hong do [14], sau d6 dung dich duoc trung hoa bang NaOH 1N. Hiéu qua
cua dung moi chiét xuit dugc xac dinh théng qua lwong pyocyanin thu duoc.
Pyocyanin duoc dinh tinh va dinh luong bang phuong phép dinh luong pyocyanin,
TLC va UV-Vis duoc md ta & phan dudi.
2.4.5. Cac phwong phdp xdc dinh dj tinh sach cia pyocyanin

D6 tinh sach cuia phan doan chiét xuat pyocyanin dwoc danh gia bang ki thuat sic
ky ban mong, sic ky l6ng hiéu ning cao va UV-Vis.
2.4.5.1. Phuong phdp do quang phé UV-Vis

Pyocyanin duoc chiét xuit bang cic dung méi khac nhau duoc phan tich bing
may quang phd UV-Vis. Phd hap thu giira budc song 200 va 900 nm duoc xéac dinh.
Pyocyanin tinh khiét duoc st dung lam dbi chiing chuan va cac dinh ciia mdi dung dich
chiét bang cac dung moéi khac nhau dugc ghi lai.
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2.4.5.2. Phwong phdp sdc Ky ban méng

Sic ky ban mong (TLC) silica duoc tién hanh theo Cheluvappa R (2014) sir
dung ban sic ki Merck silica gel, 0,2 mm, aluminum kich thudc 20x20 cm (HPTLC
Pre-coated Silica Gel 60 59 Plates). Chuan bi dung dich pyocyanin trong
chloroform 10 mg/mL. Hoat héa gidy séc ki bang chloroform : methanol (12,5 mL:
12,5 mL). Gel duoc 1am kho va sy & 100°C trong 10 phat, d&& nguoi dén nhiét do
phong. Mau duoc tra 18n ban sic ki cach mép dudi cua gidy sic ki khoang 2 cm sau
d6 dat gidy vao binh thuay tinh ¢ chaa dung méi chloroform : methanol (12,5 mL:
12,5 mL) cho dén khi dung méi con cach mép trén cua ban sic ki 1 cm thi ldy gidy
ra khoi binh. Dé kho, quan sat dudi &nh sang cuc tim & budc séng 254 va 366 nm va
xac dinh gia tri hé s6 luu Ry,
2.4.5.3. Phuong phdp sdc ky long hiéu ning cao (HPLC)

Mau duoc phan tich trén hé théng HPLC, Agilent 1260 series single
quadrupole LC/MS system véi cot sac ky VertiSep GES C18. Pha dong st dung hé
dung mdi kénh A H20 (0,05% TFA) — kénh B MeOH duoc thiét lap gradient bién
thién tir ti 1¢ 90/10 dén ti 18 0/100 trong 40 phat. Toc do dong: 0,5 mL/phut; luong
bom mau: 5 pL. Thoi gian phan tich: 25 phat. Nhiét do cot: 25°C.

a. Chudn bj mau:

Chuan bi chat tham chiéu: miu chat tham chiéu duoc pha trong dung moi
thanh ndng d6 2 mg/mL, sau d6 tién hanh pha lodng thanh day cac nong do khéc
nhau dé thiét 1ap duong chuan dinh luong.

Chuan bi mau thtr nghiém: mau duoc tron déu, can lay khéi luong xac dinh
réi pha trong dung méi MeOH thu duoc dung dich mau ¢6 nong do chinh xac.

Céc dung dich chat tham chiéu va mau phan tich déu duoc loc qua mang loc
0,45um trudc khi bom vao hé thong HPLC.

b. Thiét ldp dwong chudn dinh hrong pyocyanin

Trén hé théng LC, dinh tin hiéu duoc lua chon cua pyocyanin dugc phat hién
mot cach 6n dinh tai thoi gian luu Rt 12,0 — 12,1 min d6i véi cac miu chat tham
chiéu dung trong thang dinh luong. Puong chuin duoc tinh toan xay dung bang
phan mém Chemstation dya trén dién tich dinh UV 280 nm tai thoi gian luu Rt 12,0
—12,1 min.

Puong chuan dinh luong ¢ dang y = ax + b dwoc xay dung dua trén méi
quan hé gitra dién tich dinh UV duoc chon (y) va nong do twong ang cia chat tham
chiéu (x). Puong chuan dinh luong thu duge dat do tuyén tinh cao véi hé sé tuong
quan R?> 0,999 di voi phuong phéap dinh lugng bang DAD.
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2.5. Phwong phap xic dinh dic tinh khang khuin ciia pyocyanin
2.5.1. Thiz nghigm hoat tinh khang vi sinh vét kiém dinh (VSVKD) va Vibrio

Danh séch c&c chung vi sinh vat kiém dinh duoc sir dung trong nghién cau:

- Enterococcus faecalis ATCC 29212: Cau khuan gay nhidm trang nhu viém noi
tdm mac, duong tiét niéu, nhidm khuan vét mo.

- Staphylococcus aureus ATCC 25923: cau khuan Gram dwong, gy mu cac vét
thuong, vét bong, gay viém hong, nhidm tring c6 ma trén da va cac co quan ndi tang.

- Bacillus cereus ATCC 13245: Truc khuan Gram duong gay ngé doc thuc pham.

- Escherichia coli ATCC 25922: vi khuan Gram am, gay mét s6 bénh vé duong
tiéu hoa nhu viém da day, viém dai trang, viém ruot, bénh ly.

- Pseudomonas aeruginosa ATCC 27853: vi khuan Gram am, tryc khuan mu
xanh, gay nhiém tring huyét, cac nhiém tring ¢ da va niém mac, gay viém duong tiét
niéu, viém mang ndo, mang trong tim, viém rudt.

- Salmonella enterica ATCC 13076: vi khuan Gram am, gay bénh thuong han,
nhiém trung duong rudt & ngudi va dong Vat.

- Candida albicans ATCC 10231: nAm men, thuong gay bénh tua ludi & tré em
va cac bénh phu khoa.

a) Nubi cay chang vi sinh vat kiém dinh

Chuan bi dung dich vi khuan hozc nAm véi nong d6 2 x 10* CFU/mL: Hat 50 pL
dich vi khuan hodc nim trong dng giir chang duoc lay tir - 80°C cho vao binh tam giéc
chira 25 mL méi truong LB long véi vi khuan hoic YPD (0,5% yeast extract, 1%
pepton, 1% glucose) véi nim u trong 37°C qua dém cho dén khi dat ODeoo=2,0. Sau d6
hat 2 mL dich OD= 2,0 vao 6ng chtra 15 mL méi trudng LB I6ng vai vi khuan hozc
YPD véi ndm dit tai nhiét do phong cho t6i khi OD = 1,0. Tiép d6 hat 2 mL dich tir OD
= 1,0 vao 6ng chtra 6 mL méi truong LB long véi vi khuan hoac YPD véi nim sao cho
dat dugc ndng d6 nhu ng mau chuan ( mau 0,5 McF chuan caa hing BBL). Tir ddy hut
100 pL vao 6ng chira 10 mL méi truong LB long véi vi khuan hoac YPD véi nam thi
dugc dich vi khuan hoac nim 2 x 10* CFU/mL.

b) Thir nghiém hoat tinh khang vi sinh vat kiém dinh

Hoat tinh khang vi sinh vat kiém dinh duoc thyc hién dya trén phuong phép pha
loang da nong do theo Hadacek (2000) [108]. Pay la phuong phap nham danh gia mic
d6 khang khuan manh yéu caa cac mau thir thong qua céc gia tri thé hién hoat tinh la
MIC (Minimum Inhibitory Concentration - nong do tic ché téi thiéu). Thém 100 pL moi
trudng LB (d6i vai vi khuan) va YPD (nam) vao céc giéng cua dia 96 giéng. Bo sung
dung dich pyocyanin, cac khang sinh dé dat dai nong d6 (Lg/mL) giam dan % lan luot Ia:
50, 25, 12,5, 6,25, 3,125, 1,56, 0,78 va 0,4; 256, 128, 64, 32, 16, 8, 4 va 2 véi s6 thi
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nghiém 13p lai n=3. Thém 50 pL dung dich vi khuan va nim ¢ néng d6 2x10* CFU/mL
Va0 cé4c giéng tuong tng, u & 37°C (ddi vai vi khuan), 28°C (ddi voi nam). Sau 24 gio,
xac dinh gié tri MIC bang cach do d6 duc té bao ¢ 620 nm trén méy quang phd Bioteck
va phan mém Raw data. Gia tri MIC duoc xéc dinh tai giéng c6 nong do chit thir thap
nhat gay trc ché hoan toan su phat trién cua vi sinh vat sau 24 gio nudi cdy. Cac dbi
chang la khéang sinh streptomycin, tetramycin va kanamycin danh cho cac chang vi
khuan; va chat khang nim nystatin va cycloheximide danh cho nam.
2.5.2. Phwong phdp xdc dinh néng dé digt khudn téi thiéu ciia pyocyanin

Nong do diét khuan téi thiéu (Minimum Bactericidal Concentration - MBC) Ia
ndng d6 thap nhat cuaa dich chiét hay hop chat tinh khiét ma diét 99,9% vi khuan. Thi
nghiém dugc thuc hién theo phuong phap pha lodng dung dich cua Hadacek c6 thay doi
cho phtr hop véi dbi tugng nghién ctru [108]. Thém vao cac 6ng thi nghiém 1 mL dich
chiét pyocyanin, 1 mL dich vi khuan cua cac chung Vibrio sp. 2.10° CFU/mL dé dat giai
ndng do pyocyanin cudi ciing 1a 4; 8; 12; 15; 20; 25; 30; 35; 40 va 50 pg/mL. Nudi lic
200 vong/phit ¢ 30°C. Sau 18 - 24 gid, quan sét dich nudi cdy va cdy trang 100 pL dich
vi khuan tir cac 6ng nay 1én dia thach TCBS dé xac dinh néng do diét khuan téi thiéu.
Sau 24 gio, quan sat cac dia thach TCBS va xac dinh MBC. Thanh phan cho 1 lit m6i
treong TCBS (g/L): Yeast extract 5 g, Proteose Peptone 10 g, Sodium thiosulfate 10
g, Sodium citrate 10 g, Ox gall 5 g, Sodium cholate 3 g, Saccharose 20 g, Sodium
chloride 10 g, Ferric citrate 1 g, Bromothymol blue 0,04 g, Thymol blue 0,04 g, Agar
15¢, pH 8,6 £ 0,2)
2.5.3. Phwong phdp khuéch tin trén dia thach

Phuong phéap khuéch tan trén dia thach duoc st dung dé xac dinh kha ning
khang khuan theo Bauer (1966) c6 thay d6i cho phu hop vai hoat chat nghién
ciru. Lam giau cac chung vi khuan Vibrio spp. trong moi truong APW, lic &
30°C, 24 gio. Cay trai dich vi khuan Vibrio 1én dia thach 2216E. Pat khoanh giay
tam pyocyanin véi cac nong do khac nhau 0,2; 0,4; 0,8; 1,62; 3,25; 6,5; 13 va 26
Mg va khang sinh ddi chitng gentamycin 10 pg 1én cac dia petri da cay vi khuan
va i 6 30°C. Po duong kinh ving &c ché sau 24 gio [109].
2.6. Phwrong phap xac dinh diéu kién nudi cdy chiing tai td6 hgp sinh pyocyanin
2.6.1. Lwa chon méi trwong nudi cdy

Moi truong KingA 1a moi truong dién hinh dé tiét pyocyanin va o d6
peptone 1a ngudn nito [46][110]. Trong nghién ctu nay, KingA va KingA thay
d6i da dugc thir nghiém dé chon dwge méi trudng thich hop cho sinh tong hop
pyocyanin bai P. aeruginosa PS39-phzMS. Méi truong KingA thay d6i bao gom
KingA + A, KingA + G, AM va GM nhu duoc néu chi tiét trong Bang 2.4. Céc
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méi treong nay di duoc thay dbi bang cach thay thé mot phan hoic toan bo
peptone bang glutamic acid hoic alanine 1am ngudn nito. P. aeruginosa PS39-
phzMS tir ti -80°C duoc cay trong mdi truong KingA ¢6 200 ug/mL gentamycin
qua dém, ¢ 30°C, 200 vong/phdt. Dich nudi cay qua dém duoc pha 10% (thé tich)
vao cac méi treong (50 mL méi trudng trong binh tam giac 250 mL) va nudi cay
dén OD600 dat khoang 0,6 — 0,8 thi b sung IPTG dén nong do cudi cung 12 0,5
mM va tiép tuc nudi & cing diéu kién trong thoi gian 72 gio ¢ 30°C, 200
vong/phat. Nong do pyocyanin tiét ra duoc sir dung dé danh gia tac dung cua cac
thanh phan dugc thay thé.
Bang 2.4. Thanh phan cua cac méi trudng thir nghiém

Thanh phan (g/L) KingA KingA+A KingA +G AM GM
Peptone 20 20 20 - -
K2SO4 10 10 10 10 10
MgCl..H20 3 3 3 3 3
Glycerol 10 10 10 10 10
Glutamic acid - - 05 - 10
Alanine - 05 - 10 -
Gentamycin 200 200 200 200 200
(ng/mL)
pH 7+£0.2 7£0.2 7+£0.2 7+0.2 7+£0.2

Nong do cua glutamic acid trong mdi truong lua chon GM dugc thay doi dé
kiém tra anh huong ciia n6 ddi véi viéc san xuat pyocyanin. Glutamic acid duoc
bd sung ¢ cac muc 0,75%, 1%, 1,25% va 1,5% (tuong duong 7,5; 10; 12,5 va 15
g/L); ty 1é giéng duoc bd sung bang nhau 1a 10%. Nong do pyocyanin tiét ra sau
72 gio nudi ciy duoc sir dung dé danh gia anh huong cua nong d6 glutamic acid.
2.6.2. Phwong phdp nghién ciru anh hwéng cia cdc diéu kién nudi cdy

Céc yéu t6 hoa ly anh huong dén sinh tong hop sic to pyocyanin nhu pH, nhiét
do, thoi gian va téc do lic P. aeruginosa PS39-phzMS duoc nghién ciu nhim ting kha
ndng san sinh pyocyanin, nhu sau:

e Anh huong cua pH caa mdi trudong: pH caa méi trudng chon loc duoc diéu
chinh trong khoang pH 6-9. B pH cia méi trudng duoc diéu chinh bang
cach st dung HCI 1IN va NaOH 1N. Nong do pyocyanin dugc dinh luong
sau 72, 96 va 120 gio nudi cay.

e Anh huong cua nhiét do dén sinh tong hop pyocyanin dwoc khao sét bang
cach nudi cay vi khuan trong méi trudng da chon trong dai 20°C - 45°C.

e Diéu kién lic duoc kiém tra & cac toc do khac nhau 50, 100, 150, 200
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e Anh huong cua thoi gian nudi ciy duoc x4c dinh bang cach kiém tra nong do
pyocyanin trong nudi cay sau mdi 24 gio trong 5 ngay lién tiép.
Dich nuéi cdy duoc thu lai bang phuong phap ly tm trong 20 phut véi toc
d6 5000 vong/phlt dé xac dinh néng do pyocyanin. Cac thi nghiém sau lan luot
duoc ké thura ké tiép két qua cua cac thi nghiém truéc.

2.7. Phwong phap phan tich s6 li¢u

Tat ca cac thi nghiém duoc Iap lai ba 1an hoic sau lan. Dir liéu duoc phan
tich biang phan mém GraphPad Prism 6.01, phan tich ANOVA, hoic t-test véi p <
0,05 duoc cho 1a c6 su khéac biét mang tinh thong ké. Dix liéu duoc thé hién bing
gia tri trung binh (mean) va d6 léch chuan (standard deviation-SD) trong biéu db
cot, biéu d6 duong hoic bang biéu.

2.8. So dd nghién citu

1. Phan lap vi khuan sinh
pyocyanin ti thuy san va ban,
nwéc ao nudi trong thuy san

|

2. Nghién ctru tao chiing téi td hop

P. aeruginosa PS39-phzMS

|

3. Nghién ctu phwong phap chiet,
tinh che pyocyanin tw P. aeruginosa

PS39-phzMS

4. Nghién cleu ddc diem khang
khuan cta pyocyanin

-Phén lap, sang loc, lura chon ching Sinh pyocynin
-Dinh danh ching tiém nang sinh pyocyanin

-Nghién ctru dic diém hinh théi sinh héa cta ching
tiém nang

- Tach dong va giai trinh tu gen phzM, phzS

- Thiét ké vector pUCP24-phzMS
- Kiém tra sy biéu hién cta PhzM, PhzS trong E. coli
- Tao chiing i to hop P. aeruginosa PS39-phzMS

|/ - Lura chon dung mdi chict pyocyanin

- Danh ¢ia d¢ sach cua pyocyanin

d

- Panh gi4 kha ning khang vi sinh vat kiém dinh
- Danh i kha nang khang Vibrio gay bénh trén tom

J

5. Nghién cteu Iwa chon céc diéu
kién nudi cay dé sinh tong hop
pyocyanin béi P. aeruginosa PS39-
phzMS

L2

- Nghién ctru lia chon yéu t6 héa Iy phtl hop cho sinh
tong hop pyocyanin

- Nghién ctru lya chon ngudn co chit/dinh dudng
thich hop cho sinh tong hop pyocyanin

Hinh 2.2. So d6 nghién cau
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Nhidm dat dwoc muc tiéu nghién ctu cua dé tai, cac budc chinh trong qué
trinh nghién ctru duoc thyuc hién va so do héa tai Hinh 2.2. Dau tién, cac chung co
kha nang sinh pyocyanin dugc phén lap va chon loc trén moi truong dac hiéu,
chang c6 hoat tinh cao duwoc nghién cau chi tiét cac dic diém vé phan loai, hinh
thai, dic tinh sinh héa. Sau khi chon duwgc chung vi khuan sinh pyocyanin cao, duoc
sir dung 1am ngudn khai thac, phan I1ap hai gen tham gia vao qua trinh sinh téng hop
pyocyanin 1a phzM va phzS. Hai gen nay duoc gan vao vector biéu hién tao vector
tai t6 hop mang ddng thoi hai gen, kha ning biéu hién cua hai gen phzM va phzS
trén vector tai té hop duoc kiém tra trong vi khuan E. coli. Vector tai t6 hop mang
hai gen trén duoc bién nap vao chinh chung vi khuan sinh pyocyanin dugc lya chon
ban dau tao chung tai to hop. Céac diéu kién nudi cdy chung tai to hop nham ting
sinh pyocyanin dugc xac dinh va pyocyanin thu dugc tir ching nay da duoc tinh
sach va nghién ctu cac dic tinh nhu kha nang khang khuan, tc ché céc vi sinh vat
gay bénh trong nudi trdng thay san.
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CHUONG 3. KET QUA NGHIEN CUU

3.1. Phan lap va sang loc vi khuan Pseudomonas sinh pyocyanin
3.1.1. Phan ldp va sang lec vi khudn sinh pyocyanin

T cac mau nude, bun ao nudi thay san va dich nghién xoang tiéu hoa
ctia tém, ca, vi khuan dugc phan 1ap trén méi truong dic hiéu KingA theo md
ta tai muc phuong phap nghién ciu. Vi khuan sinh pyocyanin sinh sic t6 c6
mau xanh dic trung (Hinh 3.1). Ngoai viéc phan lap cac chung vi khuan méi
tr mau moi trudng, chung toi ciing da sang loc cac chung trong Bo suu tap
ching giéng cua Phong Cong nghé sinh hoc tai tao méi truong. Trong sb 28
ching (18 chung mai phan lap, 10 chung thudc Bo suu tap, chi tiét tai phy luc
3) phan lap duoc ching t6i da chon dwgc 9 chung c6 khuan lac mau xanh trén
moi trudng KingA, lam d6i mau thanh xanh ¢ moi truong KingA long va dinh
luong pyocynin duogc téng hop ra (Phu luc 3).

Hinh 3.1. Phan lap vi khuan sinh pyocyanin trén méi truong KingA.

A. Dia nudi ciy trén moi truong King A ciia mau xoang tiéu hoa tom thu tai Ninh
Binh; B. Ching PS6 dugc phan lap, 1am thuan tir mau xoang tiéu hoa tom.

Két qua trong sé 28 chung vi khuan cé khuan lac mau xanh, ¢6 9 chung
c6 kha ning sinh pyocyanin cao dwoc théng ké trong Bang 3.1. Nong do
pyocyanin sinh ra boi cac chung vi khuan trong khoang tir 6,01+1,2 pg/mL dén
15,02+0,56 pg/mL, trong d6 chung PS39 c6 kha ning sinh pyocyanin cao nhat dat
15,02+0,56 ng/mL (Bang 3.1). Chung nay c6 trong Bo suu tap ching gidng cua
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phong Céng nghé tai tao moi truong, bo chung gidng dugc phan 1ap tir cac
mau nudc, bun ao nudi thay san va bao quan tai -80 °C trong glycerol.

Bang 3.1. Kha ning sinh pyocyanin ctia cAc chung vi khuan phan lap

Ki hiéu Kha nang sinh \ < R
STT o . Nguon, dia diem phan lap
ching  pyocyanin (ug/mL)

1 PS2 11,04+0,79 Bun ao tdbm - Tién Yén, Quang Ninh

2 PS3 12,06+0,56 Bun ao tdbm - Tién Yén, Quang Ninh

3 PS4 6,01+1,2 Nudc nudi cé - Ninh Binh

4 PS6 10,03%0,7 Xoang tiéu hoa tdom —Ninh Binh

5 PS11 11,05+0,46 Ru6t tdm - Ninh Binh

6 PS33 9,07+0,89 Bun day ao nudi ca- Nam Dinh

7 PS35 12,09+0,7 Nudc ao nudi ca - Nam Dinh

8 PS39 15,02+0,56 B suu tap Phong CNSH Tai tao moi truong
9 PS44 7,06+0,62 Rudt Ruot ca, Nam Binh - Nam Dinh

Theo cc tai liéu cong bd, kha ning sinh pyocyanin chi duy nhat dugc thay &
loai P. aeruginosa [41]. Nghién ctru cua Spilker va cong su (2004) da chi ra cap
mdi (PA-F; PA-R) c6 d6 dic hiéu va d6 nhay 100% véi loai P. aeruginosa [102].
Vi vay, dé so bo xac dinh xem 9 chung trén c6 phai 1a P. aeruginosa khdng, ching
t61 da tién hanh khuéch dai doan gen PA cd chiéu dai 956 bp tir hé gen cua céc
chang théng qua PCR tryc tiép tir khuan lac.

Két qua (Hinh 3.2) cho thiy gen PA di duoc khuéch dai tir cac chang vi
khuin PS4, PS6, PS11, PS33, PS35, PS39 véi kich thusc khoang 1000 bp ding
theo ly thuyét. Cac doan gen nay duoc khuéch dai dic hiéu. Vi vay cac chang PS4,
PS6, PS11, PS33, PS35, PS39 rit c6 thé la chung thudc loai P. aeruginosa. Ngoai ra
mét s chang phan 1ap khong xuat hién bang DNA kich thuéc khoang 1 kb 1a PS2,
PS3, PS44. Cac chung nay c6 thé khong dang 1a P. aeruginosa can phan 1ap.

Chang PS39 mang gen PA va c0 kha nang sinh pyocyanin cao s€ duogc dinh
danh va st dung cho cac nghién ctu tiép theo.
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+) PS44 PS39 PS35 PS33 PS11 PS6 PS4 PS3 PS2

Kb
1,00 -

0,50 -

Hinh 3.2. Dién di d6 phan tich san pham PCR doan gen PA 956 bp cua 9 chung sinh
pyocianin cao trén gel agarose 0,8%.
M: Thang chuan DNA 1kb (GeneRular 1 kb DNA ladder, ThermoFisher), (+) ching
duong: chang vi khuan P. aeruginosa ATCC27853; (-) chiing am: Edwrdseilla ictaluri
(B0 suu tap phong CNSH tai tao méi truong)
3.1.2. binh danh chzing PS39
3.1.2.1. Pinh danh chiing PS39 bang dic diém hinh thai va sinh hoa

Hinh 3.3. Bac diém hinh thai va sinh hoc cua chung PS39
A-Khuan lac trén KingA sau 48 gio; B-Vi khuan phat quang dudi anh sang UV 360 nm; C-
Anh nhuoém Gram; D, E-Té bao vi khuan duéi kinh hién vi dién tir quét (SEM) d6 phong
dai 7500X(D) va 15000X(E).
Cac dic diém hinh thai khuan lac, té bao va sinh héa cua chung vi khuan
PS39 dugc tap trung nghién ctu. Trén moi truong thach KingA, khuan lac dang
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tron, tron, nhan va c6 mau xanh (Hinh 3.3A), phéat huynh quang trén mdi truong
KingB (Hinh 3.3B). Két qua nhuém Gram (Hinh 3.3C) va chup kinh hién vi dién tir
quét (Hinh 3.3D) cho thay chung PS39 Ia truc khuan Gram am bt mau do, hinh
que, hai dau tron, chiéu dai khoang 1 - 1,5 pum, chiéu rong khoang 0,5 - 1 pum, dtng
mot minh hodc thanh déi. Cac dic diém hinh thai cua chung PS39 twong tu Cac
chung thugc loai P. aeruginosa.

Chung PS39 dugc dinh danh bing dic diém sinh héa bang Kit 20NE
(Biomerieux, Phap). Két qua phan tich chi ra, chung PS39 am tinh véi cac phan tng
indole (TRP), urease (URE), arabinose (ARA), mannose (MNE) va penylacetic acid
(PAC); duong tinh voi cac phan ung khir NOs (NOs), chuyén héa arginine
dihydrolase (ADH), thay phéan esculin (ESC), gelatin (GEL), B-galatosidase (PNPG),
chuyén hoéa glucose (GLU), mannitol (MAN), nacetylglucosamine (NAG), potassium
gluconate (GNT), capric acid (CAP) va trisodium citrate (CIT) (Bang 3.2).

Bang 3.2. Dic diém sinh hda ching Pseudomonas sp. PS39

ma I wodJdg DY 20O IFEoa v
S EQS8 8523555255380 4%

P. aeruginosa
+ + + o+ o+ -+ o+ + 4+ 4+

ATCC27853
PS39 + -V - + - 4+ V - - + + - + + +

V: tuy theo chung. (-) &m tinh; (+) dwong tinh

Nhu vay, dic diém sinh hoa cua chung PS39 twong dong véi dic diém sinh
hoa cua chang chuan P. aeruginosa ATCC27853.
3.1.2.2. Nghién czzu phét sinh loai ching PS39 bang sinh hoc phan ti:

Theo Iy thuyét, trinh ty doan gen 16S rRNA dugc sir dung 1am chi thi phan tir
cho nghién cuu phat sinh loai cua chung chon loc PS39. Boan gen 16S rRNA duoc
khuéch dai bang cach PCR st dung cap moi 27F (5 GAGAGTTTGATCCTGGCTCAG
3°) va 1492R (5’CTACGGCTACCTTGTTACGA 3°) cua chung PS39 di duoc giai
trinh tu bang phuong phap Sanger trugc day trong nghién cau khéc tai Phong Cong
nghé sinh hoc tai tao méi truong, Vién Cong nghé sinh hoc véi mé s duoc dang ki
trén Ngén hang gen (GenBank NCBI) KJ579953. Trong nghién cttu nay, ching toi
sir dyng trinh tu 16S rRNA di c6 san nay dé thyuc hién viéc nghién ciu phét sinh
loai chung PS39. Trinh tu 16S rRNA duoc so sdnh song hang véi cac trinh ty trén
Ngan hang gen sir dung cong cu Blast trén NCBI, cac théng s6 dugc sir dung dé so
sanh 1a mtrc do twong dong, d6 bao phu cua cé4c trinh tw voi nhau va gia tri E-value
ciia mdi hit. Cac dai dién voi mac do tuong dong khac nhau duoc lya chon va sir
dung trong xay dung cay phat sinh loai cua PS39, ngoai ra trinh ty 16S rRNA cua
cac dai dién gan giii thudc cac bo chung gidng chuén ciing dwoc sir dung dé so sanh
déanh gia mirc do twong ddng va quan hé phét sinh loai véi ching PS39.
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Bing 3.3. Mirc d6 twong dong cua gen 16S rRNA ching PS39 véi mot sé chung trén ngan
hang gen (Genbank NCBI)

Mai s6 Chiing so sanh b b?o E value M d:}
phu twong dong

MZ648186.1 Pseudomonas aeruginosa CNEB4 100% 0.0 99,80%
NR_117678.1 Pseudomonas aeruginosa DSM 50071 99% 0.0 99,80%
DQ464061.1 Pseudomonas aeruginosa PAL106 100% 0.0 99,80%
NR_114471.1 Pseudomonas aeruginosa ATCC 10145 97% 0.0 99,73%
EF062511.2 Pseudomonas aeruginosa MCCB 117 97% 0.0 99,73%
PP064586.1 Pseudomonas aeruginosa ATCC 15692 97% 0.0 99,73%
EF062514.2 Pseudomonas aeruginosa MCCB 102 97% 0.0 99,73%
FJ972533.1 Pseudomonas aeruginosa NO5 93% 0.0 99,44%
FJ972528.1 Pseudomonas aeruginosa K2 93% 0.0 99,44%
0Q923798.1 Pseudomonas aeruginosa PAO1 91% 0.0 98,50%
NR_112062.1 Pseudomonas resinovorans ATCC 14235 | 98% 0.0 97,35%
NR_043421.1 Pseudomonas mendocina NCIB 10541 99% 0.0 96,66%
NR_042435.1 Pseudomonas nitroreducens 1AM 1439 99% 0.0 96,92%
NR_114167.1 Azotobacter chroococcum NBRC 102613 95% 0.0 96,51
NR_043420.1 Pseudomonas fluorescens |1AM 12022 99% 0.0 94,12%

Két qua so sanh trinh ty gen 16S rRNA cua chung PS39 véi cac chang vi
khuan khéc trén Genbank cho thiy d6 twong dong cao nhat dat 99,8% vai gen tir
chang Pseudomonas aeruginosa CNEB4 ma s6 MZ648186.1 (Bang 3.3, Hinh 3.4).
Chung vi khuan PS39 c6 do twong ddéng 99,73% véi chung P. aeruginosa
MCCBI117 duoc phan lap tr nudc bién cua An Do va ching P. aeruginosa
MCCB102 c6 ngudn gbc tir nude lo cia An Do. Pay 1a cac mau duoc cac nha khoa
hoc An P dung dé nghién cau thu nhan pyocyanin c6 kha nang @c ché vi khuan
Vibrio gay bénh & tom su [51][111]. Két hop dic diém hinh thai, sinh hoa va gen
chi thi PA cho loai P. aeruginosa, cé thé khang dinh chung PS39 thuoc loai P.
aeruginosa va dugc dat tén la Pseudomonas aeruginosa PS39.


https://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ADV_VIEW=yes&ADV_VIEW=on&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&BLAST_SPEC=blast2seq&CONFIG_DESCR=ClustMemNbr,ClustComn,Ds,Sc,Ms,Ts,Cov,Eval,Idnt,AccLen,Acc&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=100&PAGE=MegaBlast&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=V9F472B8114&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&ADV_VIEW=on&DISPLAY_SORT=0&HSP_SORT=0
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_Query_465071
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_Query_1883105
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_Query_447025
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_Query_186193
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_Query_399683
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_Query_430821
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_Query_1816053
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_Query_1860391
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_Query_581503
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_Query_444767
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_Query_591699
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_Query_1900833
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_Query_441293
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_Query_8161139
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_Query_443325
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NR 103934 2 Stutzerimonas stuizer ATCC 17588

4,7 NR 114167.1 Az otobacter chroococcum NBRC 102613
] AJ308318.1 Azorhizophilus paspali ICMP 7469 ATCC 23833

31 NR 042435.1 Pseudomonas nitroreducens 1AM 1439

0Q923798.1 Pseudomonas aeruginosa PAO1
— Es \: FJ872533.1 Pseudomonas aeruginosa NOS
43
96

FJ972528 1 Pseudomonas aeruginosa K2

40
[ NR 1144711 Pseudomonas aeruginosa ATCC 10145

NR 113599.1 Pseudom onas aeruginosa NBRC 12689

2
52 NR 117678.1 Pseudom onas aeruginosa DSM 50071
5| EF062514.2 Pseudomonas aermuginosa MCCB 102
- EF062511.2 Pseudomonas aermuginosa MCCB 117

F PP0B4586.1 Pseudomonas aeruginosa ATCC 15692

%% | KJ579953.1 Pseudomonas aeruginosa P$39

DQ464061.1 Pseudomonas aeruginosa PAL106

MZB648186.1 Pseudomonas aeruginosa CNEB4

NR 112062.1 Pseudomonas resinovorans ATCC 14235

4,— NR 041034.1 Azomonas agilis NCIMB 11693
7 NR 043420.1 Pseudomonas fluoresc ens 1AM 12022

70

i = NR 1520901 Halopseudom onas oceani DSM 100277

NR 043421.1 Pseudomonas mendocina NCIB 10341

001

Hinh 3.4. Cay pha h¢ di truyén gen 16S rRNA cua chiing PS39 (KJ579953) véi cac gen
tuong ng tu c&c ching trén ngén hang gen
3.1.3. Nghién cizu mgt sé ddc diém sinh hec ciia chiing PS39
Bang 3.4. Hoat tinh enzyme va tinh khang khang sinh ctaa ching PS39

TT Enzyme/Khang sinh P.aeruginosa PS39
1 Amylase +
2 . Protease +++
3 Hoat tinh enzyme Gelatinase "
4 Lipase +
) Tetracyclin (TE) R
6 Ampicillin (AM) R
7 Penicillin (PG) R
8 Khéng sinh Kanamicin (KM) R
9 Gentamicin (GM) S
10 Gentamicin

200 pg/mL 3

Ghi chu: +: duong tinh; -: @m tinh; R (Resistance): Khang khéng sinh; S (Sensitive): nhay cam vai
khang sinh
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Kha ning khang khang sinh caa ching PS39 ciing di duoc kiém tra. Két qua
cho thdy chung vi khuan dé khang véi cac loai khang sinh duoc thir nghiém gom
tetracyclin, ampicillin, penicillin, kanamycin, nhung nhay cam véi gentamicin vai
lidu lwong dugc khuyén cdo (Bang 3.4) (Phu luc 13). Bic diém sinh enzyme ngoai
bao gdom amylase, gelatinase, lipase, protease cua chung PS39 ciing dugc xac dinh.
Két qua cho thay chung PS39 sinh enzyme amylase va lipase véi hoat tinh thap,

nhung cac hoat tinh gelatinase va protease twrong ddi tot dwoc thé hién trong Hinh 3.5.

Hinh 3.5. Kha nang sinh enzyme ngoai bao cua chung Pseudomonas sp. PS39
A: Amylase; B: Protease; C: Gelatinase; D: Lipase

3.2. Nghién ctru tao chiing tii t6 hop P. aeruginosa PS39 mang thém ban sao
gen phzM va phzS trong plasmid
3.2.1. Phan Idgp, tach dong gen phzM va phzS tir P. aeruginosa PS39
3.2.1.1. Tach chiét DNA hé gen, khuéch dai gen phzM va phzS bang PCR
DNA téng s6 cua chung P. aeruginosa PS39 dugc tach chiét va kiém tra
bang dién di trén gel agarose (Hinh 3.6). San pham PCR thé hién trén dién di db Ia
mot bang dam duy nhat, co kich thudc 16n hon kich thude bang chuan 10 Kb,
khong bi dat gay, khong bi 1An ARN. Két qua nhan dugc cho thay san pham DNA
hé gen dam bao t6t dé st dung 1am khubn cho PCR khuéch dai gen phzM va phzS.
Gen phzM duoc dinh vi truéc gen phzAl tir nucleotide 4.713.098 dén
nucleotide 4.712.094 (1005 bp) va gen phzS tir nucleotide 4.720.300 dén nucleotide
4.721.508 (1209 bp) nam tiép phia sau gen phzG1 trén genome cua vi khuan P.
aeruginosa [75]. San pham PCR khuéch dai hai gen phzM va phzS duoc chi ra ¢
Hinh 3.6 B, C véi mot bang DNA duy nhét, dam nét. Kich thudc gen nhan duoc c6
chiéu dai 1an luot khoang 1,0 kb va 1,2 kb, dung voéi kich thude duge mong doi theo
tinh toén 1i thuyét gdm kich thuéc gen va doan mdi twong @ng.



10 Kb
3Kb

1Kb

A B C D

Hinh 3.6. Dién di ¢ phan tich DNA hé gen (A) va san pham PCR khuéch dai gen phzM
(B); phzS (C) va san pham sau tinh sach (D) trén gel agarose 0,8%.
M: thang chuan DNA (O’GeneRuler 1Kb DNA Ladder- ThermoScientific); 1: DNA hé gen ching
P. aeruginosa PS39 (A); 2: san pham PCR gen phzM (B); 3: san phdam PCR gen phzS (C); 4: san
pham PCR da tinh sach gen phzM va 5: san pham PCR da tinh sach cua gen phzS (D).

3.2.1.2. Tdach dong va xdc dinh trinh ter gen phzM va phzS

San pham PCR hai gen phzM va phzS duoc tai t hop vao vector pJET1.2 tao
vector tai t6 hop pJET1.2-phzM va pJET1.2-phzS. Céc ching bién nap chira vector
pJET1.2-phzM va pJET1.2-phzS duogc kiém tra, xac dinh sy c6 mat cua hai dong
gen phzM va phzS thong qua hai phwong phap: 1) cit plasmid tai to hop voi cap
enzyme gidi han Xhol va Xbal c6 mit ¢ ving tach dong gen nam vé hai phia cua
gen duoc chén vao trén vector va 2) PCR véi cap moi dic hiéu cho ting gen dich.
Theo ly thuyét, trén ca hai gen déu khong c6 vi tri nhan biét cua enzyme gigi han
Xhol, gen phzS ¢ trinh ty Xbal ¢ tan cting dau 5' nam trén trinh tu mdi, gen phzM
khong c6 vi tri nhan biét boi enzyme Xbal. Vi vay, hai plasmid duoc cat bang cap
enzyme nay sé tao cac doan gen co6 kich thudc khoang 3,0 kb (vector pJET1.2) va
1,0 kb (ddi vai gen phzM) va 1,2 kb (d6i véi gen phzS). Két qua trén dién di d6 cho
thdy, cac doan gen da duoc cit va duoc PCR c6 kich thudc ding nhu mong doi.
(Hinh 3.7). Bé chic chan hai gen dwoc chén vao l1a phzM va phzS, ca hai dong
plasmid da duoc sir dung dé giai trinh tu gen bang mdi M13 nam trén plasmid.
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pETphzM  PCR pJET-phz5 PCR
M pJETphzM M +XholtXbalM genphzM  pJET-phzS M +Xhol+Xbal M M genphzS

Triaien

8
|
—_—
[ ]

-1J0

A

Hinh 3.7. Bién di 6 phan tich plasmid, san pham cét plasmid pJET1.2-phzM va pJET1.2-
phzS vai cap enzyme gisi han Xhol va Xbal, san pham PCR gen dich tir plasmid tai to hop
trén gel agarose 0,8%.

M: thang chuan DNA (O’GeneRuler 1Kb DNA Ladder- ThermoScientific); A: Phan tich plasmid
pJET1.2-phzM; B: 3: Phén tich plasmid pJET1.2-phzS.

Trinh ty nucleotide cua hai gen duoc giai c6 chat luong cao (Phu luc 4) céc
dinh rd rang. Két qua so sanh véi cac gen cing nhom trén GenBank bang chuong
trinh BLAST d4 chi ra gen phzM tuong ddng 99,61% so véi gen tuong (tng méa sd
CP093015 trén ngan hang gen (Hinh 3.8). Gen nay dugc dang ky trén ngan hang
gen voi ma sb MF673740 (Phu luc 5,6). Gen phzM ma hoa cho protein géom 334
amino acid, c6 kich thuéc wdc doan khoang 35 kDa. Két qua phan tich trinh tu
amino acid suy dién tir trinh tu nucleotide caa gen phzM cho thay protein c6 chira
domain chinh nim & cac gbéc amino acid 67-176 dam nhan chac ning
methyltransferase [75] (Hinh 3.9).
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PhzM-PS39 1 ATGAATAATTCGAATCTTGCTGCTGCGCGTAATTTGATACAAGTTGTTACCGGGGAATGG 60
FErrrrrrrrrrrrrrrrrrrr et
CP093015 817288 ATGAATAATTCGAATCTTGCTGCTGCGCGTAATTTGATACAAGTTGTTACCGGGGAATGG 817347
PhzM-PS39 61 AAGTCCCGTTGCGTCTACGTCGCTACGCGCCTCGGGCTGGCCGATCTGATCGAGAGCGGG 120
FErrrrrrerrrrrrrr e e e e e e e e e e e e e e e e
CP093015 817348 AAGTCCCGTTGCGTCTACGTCGCTACGCGCCTCGGGCTGGCCGATCTGATCGAGAGCGGG 817407
PhzM-PS39 121 ATCGACAGCGACGAGACGCTGGCCGCCGCGGTCGGTTCCGATGCCGAGCGCATCCATCGA 180
FErrrrrrrr e e e e e e e e e e e e e e e e
CP093015 817408 ATCGACAGCGACGAGACGCTGGCCGCCGCGGTCGGTTCCGATGCCGAGCGCATCCATCGA 817467
PhzM-PS39 181 CTGATGCGCCTGCTGGTGGCCTTCGAGATCTTCCAGGGCGATACCCGCGACGGCTACGCC 240
Frrrrrrrrrrrrrrrrrrrrrrrrrr e e
CP093015 817468 CTGATGCGCCTGCTGGTGGCCTTCGAGATCTTCCAGGGCGATACCCGCGACGGCTACGCC 817527
PhzM-PS39 241 AATACCCCCACCAGCCACCTGCTGAGGGATGTCGAGGGCTCCTTCCGCGACATGGTGCTG 300
Frrrrrrrrrrrrrrrrrrrrrrrrrr e e
CP093015 817528 AATACCCCCACCAGCCACCTGCTGAGGGATGTCGAGGGCTCCTTCCGCGACATGGTGCTG 817587
PhzM-PS39 301 TTCTACGGCGAGGAGTTCCACGCCGCCTGGACGCCCGCCTGCGAGGCGCTACTCAGCGGT 360
FErrrrrrrrrrrrrrr e e e e e e e e e e e et
CP093015 817588 TTCTACGGCGAGGAGTTCCACGCCGCCTGGACGCCCGCCTGCGAGGCGCTGCTCAGCGGT 817647
PhzM-PS39 361 ACCCCAGGCTTCGAGCTGGCGTTCGGCGAAGACTTCTACAGCTACCTGAAGCGCTGCCCG 420
FErrrrrrrrrrrrrrr e e e e e e e e e e e e e e e e e
CP093015 817648 ACCCCAGGCTTCGAGCTGGCGTTCGGCGAAGACTTCTACAGCTACCTGAAGCGCTGCCCG 817707
PhzM-PS39 421 GATGCAGGCCGGCGCTTCCTGCTGGCGATGAAGGCAAGCAACCTGGCCTTCCATGAGATC 480
PEEEE PR rr e e e e e e e e e e e el
CP093015 817708 GATGCCGGCCGGCGCTTCCTGCTGGCGATGAAGGCAAGCAACCTGGCCTTCCATGAGATC 817767
PhzM-PS39 481 CCCAGGCTCCTGGATTTCCGCGGGCGTAGCTTCGTCGACGTCGGTGGCGGTTCCGGCGAA 540
FErrrrrrrrrrrrrer e e e e e e e e e e e e e e e e e
CP093015 817768 CCCAGGCTCCTGGATTTCCGCGGGCGTAGCTTCGTCGACGTCGGTGGCGGTTCCGGCGAA 817827
PhzM-PS39 541 TTGACCAAGGCCATCCTGCAGGCCGAGCCCAGCGCCCGGGGCGTGATGCTCGACCGCGAG 600
FEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e el
CP093015 817828 TTGACCAAGGCCATCCTGCAGGCCGAGCCCAGCGCCCGGGGCGTGATGCTCGACCGCGAG 817887
PhzM-PS39 601 GGTTCCCTCGGCGTGGCCCGCGACAACCTCTCCAGCCTGTTGGCAGGGGAGCGCGTCAGC 660
CErrrrrrrrrrrrrer e rer e e e e e e e e e e e e
CP093015 817888 GGTTCCCTCGGCGTGGCCCGCGACAACCTCTCCAGCCTGTTGGCAGGGGAGCGCGTCAGC 817947
PhzM-PS39 661 CTGGTGGGCGGCGACATGCTGCAAGAGGTGCCGTCCAACGGCGATATCTACCTGCTGTCG 720
CErrrrrrrrrrr et e e e e e e e e e e e e e e e
CP093015 817948 CTGGTGGGCGGCGACATGCTGCAAGAGGTGCCGTCCAACGGCGATATCTACCTGCTGTCG 818007
PhzM-PS39 721 CGGATCATCGGCGATCTGGACGAAGCCGCCAGCCTGAGGTTGCTCGGCAATTGCCGCGAG 780
FErrrrrererrrrrrrr e et r e e e e e e e e
CP093015 818008 CGGATCATCGGCGATCTGGACGAAGCCGCCAGCCTGAGGTTGCTCGGCAATTGCCGCGAG 818067
PhzM-PS39 781 GCGATGGCCGGCGACGGCCGGGTGGCGGTGATCGAGCGAACCATCTCGGCCAGCGAGCCG 840
FErrrrrerrrrrrrrrrrrrr et trrrr e e e e e e e
CP093015 818068 GCGATGGCCGGCGACGGCCGGGTGGTGGTGATCGAGCGAACCATCTCGGCCAGCGAGCCG 818127
PhzM-PS39 841 TCGCCGATGTCGGTGCTCTGGGACGTGCACCTGTTCATGGCCTGCGCTGGCCGCCACCGC 900
CErrrrrrrrrrrr e et e e e e e e e e e e e e e e e
CP093015 818128 TCGCCGATGTCGGTGCTCTGGGACGTGCACCTGTTCATGGCCTGCGCTGGCCGCCACCGC 818187
PhzM-PS39 901 ACCACCGAGGAGGTGGTCGACCTGCTCGGGCGCGGCGGCTTCGCGGTGGAGCGGATCGTC 960
FErrrrrrerrrrrrer e rer e e e e e e e e e e e e e e
CP093015 818188 ACCACCGAGGAGGTGGTCGACCTGCTCGGGCGCGGCGGCTTCGCGGTGGAGCGGATCGTC 818247
PhzM-PS39 961 GACCTGCCGATGGAAACCCGCATGATCGTCGCTGCCAGGGCCTGAATCGGAACTTTCAAC 1020
FErrrrrrrrrrrrrerrrrr e e e e e e e e e e e e
CP093015 818248 GACCTGCCGATGGAAACCCGCATGATCGTCGCTGCCAGGGCCTGAATCGGAACTCTCAAC 818307
PhzM-PS39 1021 GG 1022

I
CP093015 818308 GG 818309

Hinh 3.8. So sanh trinh tu gen phzM tir chung P. aeruginosa PS39 véi gen phzM tuong dong
cao nhit trong ngan hang gen, ¢ nguén gdc tir chung P. aeruginosa H16 (Hannover, Dtc).
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1 MNNSNLAAARNLIQVVTGEWKSRCVYVATRLGLADLIESGIDSDETLAAAVGSDAERIHR 60
61 LMRLLVAFEIFQGDTRDGYANTPTSHLLRDVEGSFRDMVLFYGEEFHAAWTPACEALLSG 120
121 TPGFELAFGEDFYSYLKRCPDAGRRFLLAMKASNLAFHEIPRLLDFRGRSFVDVGGGSGE 180
181 LTKAILQAEPSARGVMLDREGSLGVARDNLSSLLAGERVSLVGGDMLQEVPSNGDIYLLS 240
241 RIIGDLDEAASLRLLGNCREAMAGDGRVAVIERTISASEPSPMSVLWDVHLFMACAGRHR 300
301 TTEEVVDLLGRGGFAVERIVDLPMETRMIVAARA 334

Hinh 3.9. Trinh tu protein suy dién tir gen phzM tir chung P. aeruginosa PS39.

Gen phzS tuong dong cao nhat (99,68%) so véi trinh tu gen phzS cua ching vi
khuan P. aeruginosa H16 (Hannover, Btic) (Hinh 3.10). Gen dd duoc diang ky trén
ngan hang gen véi mad sb MF770713 (phzS) (Phu luc 7,8). Két qua dich ma gen ra
protein cho thay, gen ma hoa cho protein c6 402 amino acid, ¢6 kich thudc udc doan
khoang 44 kDa (Hinh 3.11). Trén chudi amino acid c6 mat ving lién két NADH (159-
DVLVGADGIHSAVR-172), vung lién két flavin ADP (11-GAGIGG-16) va vi tri hoat hoa co
chét (303-GRITLLGDAAHLMYPMGANGA-323) (Hinh 3.11). Nhu vay gen phzM va

Vung t6 dam: vang hoat tinh methyltransferase.

phzS cua chung P. aeruginosa PS39 da duoc tach dong va giai trinh tu thanh cong.

PhzS-PS39 1

CP093015 810159

PhzS-PS39 61

CP093015 810099

PhzS-PS39 121

CP093015 810039

PhzS-PS39 181

CP093015 809979

PhzS-PS39 241

CP093015 809919

PhzS-PS39 301

CP093015 809859

PhzS-PS39 361

CP093015 809799

PhzS-PS39 421

CP093015 809739

PhzS-PS39 481

CP093015 809679

PhzS-PS39 541

TCGAACACTCTAGAAAAGGAAGCACCCATGGGCGAACCCATCGATATCCTCATTGCCGGC

Frrrrrrerr rerrrrrrrrrrr e e e rer e e e e e e
TCGAACACTCGAGAAAAGGAAGCACCCATGAGCGAACCCATCGATATCCTCATTGCCGGC

GCCGGCATCGGCGGCCTCAGTTGCGCCCTGGCCCTGCACCAGGCCGGCATCGGCAAGGTC

CEEEErrrrr e e et e e e e e e e e e e e
GCCGGCATCGGCGGCCTCAGTTGCGCCCTGGCCCTGCACCAGGCCGGCATCGGCAAGGTC

ACGCTGCTGGAAAGCAGCAGCGAGATACGCCCCCTTGGCGTCGGCATCAATATCCAGCCG

CEErrrrrrr et e e e e e et e e e e e e
ACGCTGCTGGAAAGCAGCAGCGAGATACGCCCCCTTGGCGTCGGCATCAATATCCAGCCG

GCGGCGGTCGAGGCCCTCGCCGAACTGGGCCTCGGCCCGGCGCTGGCGGCCACCGCCATC

FEEEEEEEEE e e e e e e e e e e e e e el
GCGGCGGTCGAGGCCCTCGCCGAACTGGGCCTCGGCCCGGCGCTGGCGGCCACCGCCATC

CCCACCCATGAGCTGCGCTACATCGACCAGAGCGGCGCCACGGTATGGTCCGAGCCGLCGC

FEEEEEEEEE e e et e e e e e e e e e el
CCCACCCATGAGCTGCGCTACATCGACCAGAGCGGCGCCACGGTATGGTCCGAGCCGCGC

GGGGTGGAAGCCGGCAACGCCTATCCGCAGTACTCGATCCATCGCGGCGAACTGCAGATG

CEErrrrrrr et r e e e e e e e e e e e e
GGGGTGGAAGCCGGCAACGCCTATCCGCAGTACTCGATCCATCGCGGCGAACTGCAGATG

ATCCTGCTCGCCGCGGTGCGCGAGCGTCTCGGCCAACAGGCGGTTCGCACCGGTCTCGGC

FEEEEEEErrr e et r e e e e e el
ATCCTGCTCGCCGCGGTGCGCGAGCGTCTCGGCCAACAGGCGGTACGCACCGGTCTCGGL

GTGGAGCGCACCGAAGAGCGCGACGGCCGCGTACTGATCGGCGCCCGCGACGGACACGGC

FEEErrrere e e e e e e e e e e e e
GTGGAGCGCATCGAAGAGCGCGACGGCCGCGTACTGATCGGCGCCCGCGACGGACACGGC

AAGCCCCTGGCGCTCGGTGCCGATGTGCTGGTCGGCGCCGACGGCATCCACTCGGCGGTC
FEEErrrrrer e et e e e e e e e e e rrd

AAGCCCCTGGCGCTCGGTGCCGATGTGCTGGTCGGCGCCGACGGCATCCACTCGGCGGTC

CGCGCGCACCTGCATCCCGACCAGGGGCCGCTGTCCCACGGTGGGATCACCATGTGGCGC

60

810100

120

810040

180

809980

240

809920

300

809860

360

809800

420

809740

480

809680

540

809620

600
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CP093015 809619 CGCGCGCACCTGCATCCCGACCAGGGGCCGCTGTCCCACGGTGGGATCACCATGTGGCGC 809560
PhzS-PS39 601 GGCGTCACCGAGTTCGACCGCTTCCTCGACGGCAAGACCATGATCGTCGCCAACGACGAG 660
FErrrrrrerrrrrrer e e e e e e e e e e e e e e e e e
CP093015 809559 GGCGTCACCGAGTTCGACCGCTTCCTCGACGGCAAGACCATGATCGTCGCCAACGACGAG 809500
PhzS-PS39 661 CACTGGTCGCGCCTGGTCGCCTATCCGATCTCGGCGCGCCACGCGGCCGAAGGCAAGTCG 720
FEEEEEEEr et el
CP093015 809499 CACTGGTCGCGCCTGGTCGCCTATCCGATCTCGGCGCGCCACGCGGCCGAAGGCAAGTCG 809440
PhzS-PS39 721 CTGGTGAACTGGGTGTGCATGGTGCCGAGCGCCGCCGTCGGCCAGCTCGACAACGAAGCC 780
FEEEEEEEE ettt e e e e e e e el
CP093015 809439 CTGGTGAACTGGGTGTGCATGGTGCCGAGCGCCGCCGTCGGCCAGCTCGACAACGAAGCC 809380
PhzS-PS39 781 GACTGGAACCGCAACGGACGCCTGGAAGACGTGTTGCCGTTCTTCGCCGACTGGGACCTG 840
FErrrrrrrrr e e e e e e e e e e e e e e e e e e e e
CP093015 809379 GACTGGAACCGCAACGGACGCCTGGAAGACGTGTTGCCGTTCTTCGCCGACTGGGACCTG 809320
PhzS-PS39 841 GGCTGGTTCGACATCCGCGACCTGCTGACCCGCAACCAGTTGATCCTGCAGTACCCGATG 900
FErrrrrrrrrrrrrer e e e e e e e e e e e e e e e e
CP093015 809319 GGCTGGTTCGACATCCGCGACCTGCTGACCCGCAACCAGTTGATCCTGCAGTACCCGATG 809260
PhzS-PS39 901 GTCGACCGCGATCCGCTGCCGCACTGGGGCCGGGGACGCATCACGCTGCTCGGCGACGLCC 960
FEREEEEEEE e e e e e e et e e e e e e e e e e el
CP093015 809259 GTCGACCGCGATCCGCTGCCGCACTGGGGCCGGGGACGCATCACGCTGCTCGGCGACGCC 809200
PhzS-PS39 961 GCCCACCTGATGTATCCGATGGGCGCCAACGGCGCTTCGCAGGCGATCCTCGACGGCATC 1020
FEEEEEEEEE e e e e e e e e e e e e e e e e e el
CP093015 809199 GCCCACCTGATGTATCCGATGGGCGCCAACGGCGCTTCGCAGGCGATCCTCGACGGCATC 809140
PhzS-PS39 1021 GAGCTGGCCGCCGCGCTGGCGCGCAACGCCGACGTGGCCGCAGCCCTGCGCGAATACGAA 1080
FErrrrrrrrrrrrrer e e e e e e e e e e e e e e e e
CP093015 809139 GAGCTGGCCGCCGCGCTGGCGCGCAACGCCGACGTGGCCGCAGCCCTGCGCGAATACGAA 809080
PhzS-PS39 1081 GAAGCGCGGCGGCCGACCGCCAACAAGATCATCCTGGCCAACCGCGAACGGGAAAAAGAG 1140
FErrrrrrrrrrrrrer e e e e e e e e e e e e e e e e
CP093015 809079 GAAGCGCGGCGGCCGACCGCCAACAAGATCATCCTGGCCAACCGCGAACGGGAAAAAGAG 809020
PhzS-PS39 1141 GAATGGGCCGCGGCTTCGCGACCGAAGACCGAGAAGAGCGCGGCGCTGGAAGCGATCACC 1200
FErrrrrrerrrrrrer e e e e e e e e e e e e e e e e e
CP093015 809019 GAATGGGCCGCGGCTTCGCGACCGAAGACCGAGAAGAGCGCGGCGCTGGAAGCGATCACC 808960
PhzS-PS39 1201 GGCAGCTACCGCAACCAGGTGGAACGGCCACGCTAGCA 1238
FEEEEEErrr e e e e e e el
CP093015 808959 GGCAGCTACCGCAACCAGGTGGAACGGCCACGCTAGCA 808922

Hinh 3.10. So sénh trinh tu gen phzS tir chiing P. aeruginosa PS39 véi gen phzS tuong dong
cao nhat trong ngan hang gen, ¢ ngudn gdc tir ching P. aeruginosa H16 (Hannover, Duc).

Query 1 MGEPIDILIAGAGIGGLSCALALHQAGIGKVTLLESSSEIRPLGVGINIQPAAVEALAEL 60
Query 61 GLGPALAATAIPTHELRYIDQSGATVWSEPRGVEAGNAYPQYSIHRGELOMILLAAVRER 120
Query 121 LGQQAVRTGLGVERTEERDGRVLIGARDGHGKPLALGADVLVGADGIHSAVRAHLHPDQG 180
Query 181 PLSHGGITMWRGVTEFDRFLDGKTMIVANDEHWSRLVAYPISARHAAEGKSLVNWVCMVP 240
Query 241 SAAVGQLDNEADWNRNGRLEDVLPFFADWDLGWEDIRDLLTRNQLILQYPMVDRDPLPHW 300
Query 301 GRGRITLLGDAAHLMYPMGANGASQAILDGIELAAALARNADVAAALREYEEARRPTANK 360
Query 361 IILANREREKEEWAAASRPKTEKSAALEAITGSYRNQVERPR 402

Hinh 3.11. Trinh tu protein suy dién tir gen phzS tir chiing P. aeruginosa PS39. Vung chit
dam gach chan: vung lién két NADH; Ving chir dam khong gach chan: vaing lién két
flavin ADP; VVing chit dam, nghiéng, gach chan: vi tri hoat hda co chat.
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3.2.2. Thiét ké vector pUCP24-phzMS mang hai gen phzM va phzS
3.2.2.1. Thiét ké vector pUCP24-phzM

Dé tao plasmid tai t6 hop pUCP24-phzM, vector pUCP24 dugc cit mé vong
v6i enzyme gigi han Smal. Nhu két qua dugc trinh bay ¢ Hinh 3.12A, plasmid c6
kich thuéc khoang 4 kb dang véi kich thuée chuan caa plasmid pUCP24 (4035 bp).
San pham cat duoc 1am sach va gan véi gen phzM di duoc tao dau bang. Bai vi san
phdm PCR gen phzM dugc khuéch dai nhd Tag DNA polymerase c¢6 dau nhéd 3°-A
nén can loai adenine truéc khi thuc hién phan ¢ng gan ndi gen vao plasmid. Sau
bién nap bang sbc nhiét, sdu dong khuan lac tring duoc chon dé nudi ciy va tach
plasmid. Két qua dién di kiém tra plasmid nhan duoc nhu trén Hinh 3.12B.

M 12 kp M123456 Kb M123456

Kb 10,0 - 10,0 -
23,0 - -

914 - 4’0 _ 4,0 -

43-

2,0 -

1,0 - 1,0 -
A. pUCP24+Smal  B. Dong pUCP24-phzM  C. pUCP24-phzM/EcoRI va Hindlll D. PCR gen phzM

Hinh 3.12. Pién di do kiém tra plasmid pUCP24 cit bang Smal (A), sau dong plasmid
pUCP24-phzM téch tir séu dong khuan lac (B), san pham cit hai dong pUCP24-phzM
bang EcoRI va Hindlll (C) va san pham PCR gen phzM tir 6 dong plasmid vai cap moi

M13F/phzM-R (D). M1: DNA lambda cat bang Hindlll; M: thang chuan DN

(O’GeneRuler 1Kb DNA Ladder-ThermoScientific)

Viéc kiém tra sy c6 mat caa gen phzM va chiéu gan cua gen véi vector duoc
thue hién bang céch cét plasmid tach tir cac dong bién nap, voi EcoRI va Hindlll va
PCR khuéch dai gen phzM véi cap mdi (M13F; phzM-R). Két qua dién di san pham
cit cho thay ca hai dong plasmid déu dwoc cit thanh hai doan DNA c6 kich thuéc
tuong ng véi gen phzM (1 kb) va vector pUCP24 (4 kb) xuat hién trén ban gel (Hinh
3.12C). biéu nay phu hop véi khao sét ly thuyét, vi EcoRI va Hindlll khéng c6 vi tri
cat trén trinh ty gen phzM ma chi c6 mét vi tri cat & ving cat da tri caa vector [78].
Thém nita, san pham PCR khuéch dai gen phzM ciing chi ra mot bang DNA c¢6 kich
thuac khoang 1 kb twong (g vai kich thudc gen phzM (Hinh 3.12D). Nhu vay co
thé khang dinh gen phzM di duoc gian dung chiéu véi promoter Lac cia pUCP24 va
plasmid téi t6 hop pUCP24-phzM da duoc thiét ké thanh cong.
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3.2.2.2. Thiét ké vector pUCP24-phzMS

Dé tao plasmid téi to hop chua ca hai gen phzM va phzS, san pham PCR gen
phzS va plasmid pUCP24-phzM déu dugc cit bang hai enzyme gisi han Xbal va
Sphl. San pham cét duoc tinh sach va duoc sir dung trong phan tng gan gen phzS
vao pUCP24-phzM véi sy ¢d mit cia enzyme T4 DNA ligase. Sau khi bién nap san
phdm gin gen vao té bao E. coli Top10, khuan lac phat trién trén mai trudng chira
khang sinh gentamycin duoc nudi cdy va tach plasmid kiém tra. Két qua dién di
plasmid duoc chi ra trén Hinh 3.13A. Viéc kiém tra su ¢ mat cua gen phzS va
phzM duoc thuc hién bang cach cat plasmid nay, véi EcoRI va Hindlll. Két qua
dién di san pham cat cho thay, ¢ 2 vach DNA tuong tmg kich thugc hai gen phzM
va phzS véi tong chiéu dai 1a khoang 2,2 kb va vector pUCP24 (4 kb) xuat hién trén
ban gel (Hinh 3.13B). Biéu nay phi hop véi tinh toan ly thuyét, vi ca hai 2 gen
khdng ton tai vi tri cat cua hai enzyme gigi han ma chi ¢ mét vi tri cit ¢ ving cat
da ndi cua vector [78]. Nhu vay cd thé khang dinh vector pUCP24-phzMS d3 dugc
thiét ké thanh coéng. Bé chic chan viéc thiét ké khdng anh huong dén gen va
cassette biéu hién cua gen, plasmid pUCP24-phzMS di duogc giai trinh tu trén hé
thdng giai trinh tu gen thé hé mai.

Thu vién DNA plasmid duoc tao bai Nextera XT DNA Library Prep Kit, sau d6
duoc giai trinh tu bang hé théng giai trinh tu thé hé méi Miseq - [llumina. Dit liéu trinh
tu di diéu Kién va dugc phan tich bang phan mém Miseq Reporter va IGV (Phy luc 9).
Trinh ty plasmid pUCP24-phzMS dugc ding ky trén NCBI GenBank véi ma sb
MZ399165.1 (Phu luc 10).

10kb
%
gﬁb 25Kb

3Kb
1Kb

1Kb

A B

Hinh 3.13. Bién di do kiém tra plasmid pUCP24-phzMS sau tach chiét (A) va cit bang véi
EcoRlI va HindllI (B) trén gel agarose 0,8%.
M: thang chuan DNA (O’GeneRuler 1Kb DNA Ladder- ThermoScientific).
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Theo ly thuyét, plasmid pUCP24 1a mot vecto phd rong hay vecto con thoi,
dugc xay dung dua trén thong tin di truyén cua vecto pMB1 (ColE1), véi chiéu dai
4035 bp, nham muc dich sao chép ¢ ca Pseudomonas va E. coli [78]. CAu triic vec-to
chira 2 diém khai dau sao chép (ori) & ca Pseudomonas va E. coli, chira gen aacC1
khang gentamicin va ving cit da tri - MCS cta cac enzyme gidi han EcoRl, Sacl,
Kpnl, Smal, BamHI, Xbal, Sacl, Pstl, Sphl va Hindlll nam trong ving gen lacZ« (MA
s6 genbank U07167).

Plasmid tai t6 hop pUCP24-phzMS c6 chiéu dai 1a 6266 bp, dugc chi thich
day du tai Hinh 3.14 va Phuy luc 10. Phan tich trinh tu cho thay cac gen phzM va
phzS da duoc chén vao dung hudng cua operon lac. Trong do, gen phzM chia mot
trinh tu hoan chinh gém 1005 bp, trai dai tir nucleotide 2672 dén 3693, véi CDS
(trinh tuy m& hoa) 1a 1005 bp bao gdm cac ma mo dau va két thic o nucleotide tuwong
g s6 3691-3693 va 2689-2691. Vi tri lién két caa ribosome ddi véi gen nay nam ¢
cac nucleotide 3732-3736 c6 ngudn gdc tir pUCP24. Tiép theo, chiéu dai cua gen
phzS duoc xéac dinh 1a 1209 bp véi cac nucleotide tir 1436 dén 2644, véi ving CDS
la 1209 bp bao géom cac ma mé dau va két thlic & cac nucleotide sé 2642-2644 va
1434-1436. Vi tri lién két caa ribosome ddi véi gen nay nam & cac nucleotide 2652-
2655 ¢6 nguon gdc tir gen phzS cua P. aeruginosa PS39. Trinh ty plasmid pUCP24-
phzMS duoc dang ky trén NCBI GenBank véi ma sé6 MZ399165.1.

Nhu vay, nho viéc giai trinh tu gen thé hé méi, toan bo plasmid tai to hop
pUCP24-phzMS da dugc doc trinh tu va chi ra sy ¢6 mat cua 2 gen dugc tao dong
phzM va phzS. G @6, ca 2 gen déu tuong dong hoan toan véi trinh ty 2 gen da dugc
xac dinh trong nghién ctu trude do6 va duge dang ky trén ngan hang dia liéu gen
GenBank NCBI véi ma sb 1a MF673740 (phzM) va MF770713 (phzS). Két qua
trinh tu nhan dugc da xac nhan va lam r6 vi tri ctia gen phzM va phzS cling nhu su
c6 mat cua cac yéu td can thiét cho biéu hién cua 2 gen, ton tai trong cau tric
plasmid. Nhu vay di tao dwoc chung tai t6 hop P. aeruginosa PS39-phzMS mang
plasmid chira day du 2 gen phzM va phzS.
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pUCP24-phzMS
6266 bp

MName Type Value
v @ Annctations [plasmid annotation.gb]
v @ inserted genes (0, 2)
3 phzM Gene complement(2689..3720)
O phas Gene complement(1436..2644)
v @ plasmid pUCP24 (0, 2)
O pRO1614 rep Gene 4117244
O pUCGM aacCl Gene complement(3511..6044)
v@ ribosome binding sites (0, 3)
B RBS Lac RBS complement(3732..3736)
RBS pRO RES 398,401
B RBS pUC RBS complement{6053..6058)
v @ Auto-annotations [pUCP24-phzMS - Copy.tet...
v @ enzyme (9,0)
@ afil (0, 26)
@ Apall (0.1)
@ Ascl (0,7)
@ BamHI (0, 1)
@ Ecos3k (0,1)
@ Sadl (0,1)
@ smal (0,1)
@ sphi (0, 1)
@ Xbal (0.1)
@ of 01
v @ plasmid_features (0, 4)
B M13_forward20_primer Misc. Feature 1405..1421
B M13_pUC_fwd_primer Mise, Feature 1390..1412
M13_plIC_rev_primer Misc. Feature complement({3734..3756) B
O lac_promater Misc. Feature complement{3770..3795)

Hinh 3.14. Cha giai plasmid téi t6 hop pUCP24-phzMS. So db plasmid pUCP24-phzMS (A)
va chui giai chi tiét cac thanh phan caa plasmid (B) (thuc hién bai phan mém UGENE v.39).

3.2.3. Kiém tra khd nang biéu hign ciia hai gen phzM va phzS trong vector tai té
hop pUCP24-phzMS

Truoc khi plasmid pUCP24-phzMS duoc dua vao chung Pseudomonas
aeruginosa PS39, chung toi di kiém tra hoat dong cua cassette biéu hién bang cach
danh gia su biéu hién caa cac gen phzM va phzS trong té bao E. coli. Thong thuong,
viéc kiém tra biéu hién gen s& duoc thuc hién trén cac chung tai to hop P.
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aeruginosa mang gen muc tiéu. Tuy nhién, do chang P. aeruginosa PS39 vén da
mang hai gen néi sinh phzM va phzS chiu trach nhiém téng hop pyocyanin, viéc
phan biét giita protein PhzM va PhzS duoc tong hop tir plasmid va tir gen noi sinh
gap nhiéu kho khin. Hai nguyén nhan chinh duoc xac dinh gém (1) kich thudc
protein dich m& tir hai ngudn gen 1a nhu nhau nén chung nam trén cung vi tri trén
dién di do; (2) su biéu hién cua protein tir gen trong plasmid c6 xu huéng rat thap
do promoter lac trong pUCP24 khdng phai 12 promoter manh chuyén dung cho biéu
hién gen. Do d6, dé x4c nhan hoat dong va kha ning tong hop protein PhzM va
PhzS tir plasmid, ching toi da bién nap plasmid pUCP24-phzMS vao cac té bao E.

BL21_pUCP24-phzMS 7 N BL21_pUCP24-phzMS
A L8 + Gentamicin 5 pg/mL S 18+ Gentamicin 20 pg/mL

Hinh 3.15. Két qua bién nap vector téi t6 hop pUCP24-phzMS vao té bao kha bién E. coli
BL21 va Rosetta

Két qua thu dugc (Hinh 3.15) cho thdy ¢ ndng do gentamycin 5 pg/mL, ca
hai dong E. coli BL21 va Rosetta mang plasmid pUCP24-phzMS déu phét trién
manh, v&i mat d6 khuan lac day. Pac biét, dong Rosetta xuat hién sé luong khuan
lac nhiéu hon so vé&i dong E. coli BL21, diéu nay c6 thé do su khac biét trong dic
tinh cua hai dong té bao kha bién. Quan sat bang mat thuong cho thay cac khuan lac
c6 hinh dang tron, bé mat tron, moc riéng ré va khong cé khuan lac vé tinh. Nhiing
khuan lac nay c6 thé duoc chon dé nudi cdy tiép phuc vu cac thir nghiém sau. Tuy
nhién, & ndng do gentamycin 20 pg/mL, khdng xuét hién khuan lac ¢ ca hai dong.
Diéu nay cho thdy ¢ nong do nay, gentamycin da wc ché hoan toan sy phét trién cua
cac té& bao mang plasmid pUCP24-phzMS trong ca hai dong E. coli BL21 va
Rosetta.
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Sau khi nuéi cdy hai ching trong maéi trudng biéu hién chira gentamycin va
0,5 M IPTG trong thoi gian 10 gio, toc do phét trién cua té bao khdng cao. Két qua
do sinh khéi cho thdy dong ddi chung khdng bd sung IPTG c6 sinh khéi ting gap
d6i so v6i dong tai té hop. Phan tich két qua dién di (Hinh 3.16) cho thiy, du luong
té bao duoc hiéu chinh bang nhau trén mdi giéng, cic bang protein c6 kich thuéc
khoang trén 30 kDa ¢ dong Rosetta cam tng IPTG thé hién d6 ddm cao hon so véi
dong khéng cam ung. Trong khi d6, d0 dam cua cac bang protein dudi 30 kDa
khéng cé su khac biét gitra cac dong.

Khi xem xét cac bang protein c6 kich thude tuong tng véi PhzS (44 kDa) va
PhzM (35 kDa), két qua cho thay su khac biét rd rét gitta dong cam ng va dong
khéng cam ung. Cu thé, mot bang protein ¢6 kich thudc nho hon 45 kDa da duoc
tong hop trong dong Rosetta s 5 va sé 6 sau cam tng IPTG, trong khi dong khang
cam ng khéng biéu hién bang nay. Ddi véi dong BL21, su biéu hién protein rat
thap, cac bang protein trén gel dién di mo va kho phan biét, dan dén khong thé xéac
nhan rd su khéc biét. Kiém tra phan bé protein giira pha tan va pha taa cho thiy
bang protein thap hon 45 kDa dugc biéu hién trong pha tan cua dong Rosetta sé 5,
goi Y rang day c6 thé 1a protein PhzS di duoc biéu hién. Bdi véi ving protein kich
thude 35 kDa (twong tng PhzM), su xuét hién cua nhiéu protein kich thudc twong
tu tir chung chang chu, véi luong tong hop 16n, gay kho khin trong viée xac dinh
PhzM.

Tuy nhién, khi so sanh protein giira pha tan cua chung tai t6 hop va doi
chang, hai bang protein c¢6 kich thudc xap xi 35 kDa va 38 kDa duoc phat hién
trong pha khéng tan cua dong Rosetta s6 5 nhung khong xuét hién & dong dbi
chang. Pidu nay cho thay kha ning protein PhzM da duoc biéu hién, véi mot phan
ton tai trong pha khéng tan (Hinh 3.16).

BL21 Rosettal Rosettal(-)

(1 2 3 4 M56 7 ()5P5M SP pa
88 -H8 =i

bad - 1501 — 45
- e Ll s=rL -
L A A o] T L
B = s -35
B - b e o o

- 25

Hinh 3.16. Phan tich protein tong s, protein pha tan, khdng tan dugc biéu hién trong hai
chung E. coli BL21 va Rosetta mang pUCP24-phzMS.
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1-7: Céc dong té bao khéc nhau; (-): Cac dong vi khuan duoc nudi ciy trong
moi truong khong co IPTG; 5S, 5P: Protein tuong tng trong pha tan, pha tua tu
chung Rosetta sé 5, Rosettal(-) S, P: Protein twong ung trong pha tan, pha taa tir
chung Rosetta khdng cam tng; M: Protein chuan (Fermentas).

Tur két qua nay c6 thé cho ring, promoter lac trong vector pUCP24-phzMS
da hoat dong va rat c6 thé da sinh tong hop ra PhzS, PhzM. Vi vay cau trdc vector
pUCP24-phzMS c6 thé khang dinh 1a hoan thién cho viéc bién nap vao chung P.
aeruginosa PS39.

3.2.4. Tgo chiing P. aeruginosa PS39 ti té hgp mang vector pUCP24-phzMS
3.2.4.1. Tgo ching P. aeruginosa PS39 tai t6 hop

Plasmid pUCP24-phzMS thu nhan tir thi nghiém trude duoc st dung dé
bién nap vao té bao chua P. aeruginosa PS39 bing ky thuat xung dién. Cac khuan
lac trang xuat hién trén dia thach LB+gentamicin 200 pg/mL dwoc chon lya dé
kiém tra sy c6 mat cua pUCP24-phzMS trong té bao. Plasmid tir cac khuan lac
nay duoc tach chiét va dién di kiém tra trén gel agarose (Hinh 3.17A). Bé kiém
tra so by sy cO mat caa hai gen phzM va phzS trong pUCP24-phzMS, cac plasmid
tai t6 hop duoc cat dong thoi vai hai enzyme gigi han EcoRI va Hindlll. Dién di d6
san pham cat giéi han (Hinh 3.17B) cho thiy pladmid d3 duoc cét thanh cong tao
hai bang DNA r6 nét twong tng vai kich thuéc khoang 2,2 kb va 4 kb khi so sanh
vé6i thang chuan DNA. Két qua nay tuong tu duoc quan séat khi cat plasmid tir céc
dong E. coli nhan duoc sau bién nap véi pUCP24-phzMS (Hinh 3.13). Nhu vay c6
thé khang dinh da bién nap thanh cong plasmid tai t6 hop pUCP24-phzMS vao
chang P. aeruginosa PS39 va chung bién dbi di truyén duoc goi la P. aeruginosa
PS39-phzMS.

1 2 3 4 5 6 M M 7 8 9 10
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Hinh 3.17. Bién di d6 kiém tra san pham cit pUCP24-phzMS duoc tach tir P. aeruginosa
PS39 téi t6 hop trén gel agarose 0,8%. M-thang chuan DNA (O’GeneRuler 1Kb DNA
Ladder- ThermoScientific); A) 1-5: Plasmid tir cc dong té bao bién nap P. aeruginosa
PS39-phzMS; 6: DNA chang P. aeruginosa PS39 gbc; B) 7-10: san pham cat plasmid

pUCP24-phzMS cua cac dong té bao sau bién nap véi enzyme gigi han EcoRI va Hindll1.
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3.2.4.2. Kiém tra si ton tai cua plasmid pUCP24-phzMS ¢ ching tai té hop qua
cac lan nudi cdy chuyén khac nhau

Sy duy tri plasmid tai t6 hop trong chung vi khuan qua cac lan nuéi ciy
chuyén 1a yéu té quan trong dé danh gia d6 6n dinh cua chung tai t6 hop. Trong
nghién cttu ndy, chung tai to hop P. aeruginosa PS39-phzMS dugc danh gié, kiém
tra su c6 mat caa plasmid pUCP24-phzMS lién tuc qua 5 lan nudi cay chuyén (
sau mdi lan nudi cdy chang dugc giit, bao quan cho lan cdy chuyén tiép theo ).
Sau mdi lan nudi cdy, plasmid duoc tach chiét va cit véi cap enzyme giéi han
EcoRI va HindlIl, néu san pham cét plasmid tao thanh 2 doan DNA ¢6 kich thuéc
tuong ng khoang 4 kb va 2,2 kb thi chang té plasmid pUCP24-phzMS mang 2
gen phzM va phzS van ton tai trong té bao chung tai to hop. Két qua kiém tra san
pham cat plasmid cua 1an nudi ciy chuyén tht 2 va thtr 5 dugc trinh bay tai Hinh
3.18 cho thay san pham cit plasmid gdm hai doan DNA véi kich thudc twong ung.
Do d6 c6 thé khang dinh sy 6n dinh cua chung tai t6 hop P. aeruginosa PS39-
phzMS va céu tric plasmid tai t6 hop pUCP24-phzMS van duoc duy tri qua nhiéu
lan nudi cay chuyén.
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Hinh 3.18. Pién di do kiém tra plasmid tai t6 hop pUCP24-phzMS va san pham cit
enzyme giGi han (EcoRI va Hindlll) tir chung P. aeruginosa PS39-phzMS lan nudi ciy
chuyén 2 (A) va lan nudi cdy chuyén 5 (B). M-thang chuan ADN (O’GeneRuler 1Kb ADN
Ladder- ThermoScientific); 1, 2, 3 — plasmid dugc tach tir chung P. aeruginosa PS39-
phzMS (lan nudi ciy chuyén thir 2 va 5); C1-san pham cat plasmid pUCP24-phzMS voi
enzyme gidgi han
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3.3. Nghién ciru phwong phap thu hdi, tinh sach pyocyanin tir P. aeruginosa
PS39-phzMS
3.3.1. Chon dong P. aeruginosa PS39-phzMS sinh pyocyanin cao

Sy biéu hién caa gen phzM va phzS ¢ cac dong bién nap P. aeruginosa PS39-
phzMS duoc danh gia bai kha niang tong hop pyocyanin so véi chung géc theo thoi
gian. Trong sé 15 dong té bao duogc sang loc, 7 dong cé kha ning tiét pyocyanin xap
Xi bang va cao hon chung gdc trong cung diéu kién nudi cay (Hinh 3.19). Hai trong
sb bay dong té bao dugc sang loc, PA4 va PA6 di tiét pyocyanin cao nhat lan luot
la 62 mg/L va 66 mg/L gap gan hai lan chung goc (38 mg/L) sau 7 ngay nudi cay.
Dong sinh pyocyanin cao nhat dugc sir dung cho céc nghién ciu tiép theo.
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Hinh 3.19. Kha ning sinh tong hop pyocyanin & cac dong té bao bién nap sau 7 ngay nudi cay

Kha nang tang sinh pyocyanin cia chang tai t6 hop sau khi xac dinh su ¢
mat va tinh toan ven cua cap gen phzM-phzS, s¢ dugc danh gia thong qua sy giam
ham luogng tién chat PCA va su ting ham lugng pyocyanin thdng qua viéc nudi cay
té bao vi khuan chang tu nhién P. aeruginosa PS39 va chung tai t6 hop P.
aeruginosa PS39-phzMS. Dich nudi ciy vi khuan trong méi truong KingA sau 2
ngdy, cua chung tai to hop P. aeruginosa PS39-phzMS va chang tu nhién P.
aeruginosa PS39, c6 va khong co plasmid pUCP24-phzMS, dugc st dung dé tach
chiét va xac dinh ham lugng pyocyanin va PCA.
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A B

Hinh 3.20. Tach chiét PCA va pyocyanin tir chung tu nhién P. aeruginosa PS39 (A) va
chang téi t6 hop P. aeruginosa PS39-phzMS (B). Ong 1: Pyocyanin (xanh lam); éng 2: 16p
dung m6i mau vang trén cung chira PCA.

Quan sat hinh anh cac 6ng tach chiét bang mat thuong, c6 thé nhan thiy
pyocyanin ¢ chung ty nhién (Hinh 3.20A éng 1) c6 mau xanh lam, nhat hon so vdi
pyocyanin cua chung tai to hop (Hinh 3.20B éng 1). Thém nita, 16p dung mdi phia
trén ong chiét xuat PCA cua chang ty nhién (Hinh 3.20A éng 2) c6 mau vang xuat
hién, trong khi & éng chiét xuat PCA cua chung tai to hop (Hinh 3.20B éng 2) 1a 16p
dung mai trong sudt.

Céc dich chiét nay duoc tiép tuc dinh luong ndng do pyocyanin va PCA theo
phuong phap di dugc md ta trong phan phuong phap nghién ciru va dua theo
phuong trinh dudng chuan trinh bay tai Phu luc 2. Két qua thé hién, nong do PCA
chiét xuat tir dich nudi cdy chung ty nhién P. aeruginosa PS39 la 14,48 + 1,14
ug/mL, trong khi PCA chiét xuét tir dich nudi cdy chang tai to hop P. aeruginosa
PS39-phzMS thap hon rat nhiéu (1,041 + 0,57 ng/mL) (Hinh 3.21). Nguoc lai, nong
d6 pyocyanin duoc chiét xuat tir chung tai té hop ting 1én dén 31,22 pg/mL, cao
hon 2 1an so véi ndng d6 pyocyanin duoc chiét xuat tir chang tu nhién (13,47
ng/mL) (Hinh 3.21). Nhu vay, & chung tu nhién da tong hop dong thoi ca hai sic tb
PCA va pyocyanin trong d6 ham luong pyocyanin thip hon chung tai t6 hop, con
ham luong PCA lai cao hon rat nhiéu so véi chung tai to hop.
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Hinh 3.21. Ham lugng pyocyanin (A) va PCA (B) duoc san sinh bai chung ty nhién P.
aeruginosa PS39 va chung tai to hop P. aeruginosa PS39-phzMS. PS39: P. aeruginosa
PS39; PS39-phzMS: P. aeruginosa PS39-phzMS. Su khac biét dang ké duoc danh gia
biang phan tich t-test véi p <0,0001.

3.3.2. Nghién ciru tach chiét, tinh ché pyocyanin

Pyocyanin la san pham tiét ra moi truong dugc sinh ra trong qua trinh nudi
cay chung P. aeruginosa PS39-phzMS trong mdi truong GM pH 8 (méi truong
KingA co chut thay do6i boi glutamic acid thay thé peptone) bd sung gentamycin, &
nhiét do 28-30°C, nudi lic 200 vong/phut; san pham sau nudi cay co co chat du
thira, Xac vi khuan, protein, chat mau va cac san pham khac. Bé thu nhan pyocyanin
can su dung dung moi dé tach chiét, cac dung moi da duoc s dung trong nghién
ctru tach chiét pyocyanin tir dich nudi cdy vi khuan, bao gom benzene, hexane,
methanol, dichloromethane, ethylacetate va chloroform.

Quan sat hinh anh chiét pyocyanin véi cac dung mdi benzene, hexane va
ethylacetate (6ng 1, 2 va 5 Hinh 3.22A) thay dung dich tao thanh 2 16p riéng biét
nhung khdng loai bo dugc pyorubin (d6) va pyomelanin (nau) khoi dich nudi cay
chira pyocyanin. Nguoc lai, dung dich khéng phan pha khi sir dung methanol (6ng 3
Hinh 3.22A). Trong khi do, dichloromethane va chloroform tao ra su phan tach I6p
tét, trong d6 16p trén bao gdbm pyorubin va pyomelanin, va 16p dudi 12 hdn hop
pyocyanin (xanh lam) va pyoverdine (vang) (ong 4, 6 Hinh 3.22A).

Pha dung mdi chira pyocyanin dugc thu nhan va acid héa bang HCI 0,2N.
Tai d6, pyocyanin dugc hoa tan trong HCI va tao ra dung dich mau hong, trong khi
pyoverdine gitr lai trong pha dung moi. Dichloromethane va chloroform da loai
dugc pyoverdine khoi pyocyanin (6ng 4, 6 Hinh 3.22B), vai cac dung méi con lai
d3 khong tach riéng dugc pyoverdine (6ng 1, 2, 3 va 5 Hinh 3.22B). Céc pha acid
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sau khi duoc trung hoa bing NaOH 1IN dén pH trung tinh s& hinh thanh dung dich
chiét chira pyocyanin mau xanh. Pyocyanin dugc tach chiét bang dichloromethane
va chloroform cho mau xanh dién hinh (6ng 4, 6 Hinh 3.22C) twong tu nhu
pyocyanin tinh khiét lam ddi chung (éng C Hinh 3.22C).

Pyocyanin trong dung dich chiét véi cac dung mdi khac nhau dwgc dinh
luong theo phuong phap dinh lugng pyocyanin ¢ budc song 520 nm va duoc trinh
bay trong Bang 3.5.

Pyorubin
Pyomelanin

Pyocyanin
Pyoverdine

Pyocyanin

Pyoverdine

Hinh 3.22. Tach chiét pyocyanin tir dich nudi cay vi khuan P. aeruginosa PS39-phzMS
Véi céc dung moi khéc nhau. (A) Str dung céc dung mdi khac nhau dé phan tach pyocyanin
(16p mau xanh duéi cung); (B) Acid héa bang HCI 0,2N; (C) Trung hoa bang NaOH 1N. 0:
PYO dbi ching; 1: benzene; 2: hexane; 3: methanol; 4: dichloromethane; 5: ethylacetate; 6:

chloroform.

Chloroform 1a dung méi cho hiéu qua chiét xuat cao nhat voi ham luong
pyocyanin thu dugc dat 25,27 + 1,02 (ug/mL), tiép dén 1a dichlomethan dat 20,26 +
0,87 (ug/mL). Nhu vay, chloroform 1a dung mdi cho hiéu qua cao phu hop dé tach
chiét pyocyanin tir dich nudi cdy vi khuan P. aeruginosa PS39-phzMS.

Bang 3.5. Hiéu suat tach chiét pyocyanin bai cac dung mdi khac nhau

TT Dung moi Néng dd pyocyanin (ug/mL)
1  Benzene 10,50+ 1,02
2  Hexane 11,24 +1,24
3 Methanol 12,42 £1,08
4 Dichloromethane 20,26 £ 0,876
5  Ethylacetate 4,20 £ 0,64
6  Chloroform 25,27 £ 1,024
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Pyocyanin dugc tach chiét tir siu dung mdi khac nhau da dwoc kiém tra d6
tinh khiét bang ky thuat TLC va phan tich phé anh sang tir ngoai kha kién UV-Vis,
pyocyanin tinh khiét duoc st dung lam déi ching (Hinh 3.23).

Control 1 2 | 3 4 5516

— . - - . <:| Pyocyanin
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' ] Pyorubin
e — . — 2 Pyomelanin

— " ——————————

——— A e #0
————
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| :

w15

1
|
|

3-Methanol 4-Dichloromethan S-ethylacetate 6-chloroform

Hinh 3.23. Quang pho UV-Vis ciia pyocyanin chiét tach str dung cac dung moi khac nhau.
A) Pho TLC; B). DC: pyocyanin nguyén chét; 1: benzene; 2: hexane; 3: methanol; 4:
dichlometan; 5: ethylacetate; 6: chloroform.

Két qua sic ky @6 TLC (Hinh 3.23A) chi ra, cac duong chay 1, 2, 3 va 5
twong tng V6i cic dung médi duoc st dung dé tach chiét pyocyanin benzene,
hexane, methanol va ethylacetate, van c6 cac d6m nau & chan ban sic ky, nguoc lai,
& cac duong chay 4 va 6 twong tng véi hai dung méi dichlomethan va chloroform,
khong con thay vach nau ¢ dudi chan ban sic ky va gidng véi duong chay cua mau
d6i chung. Gié tri Rf ciia pyocyanin duoc xac dinh trén ban sic ky 13 0,72, twong tu
nhu cac cong bd pyocyanin trude day [112][113].

Hinh anh do phd tir ngoai kha kién UV-Vis cua céc dich chiét pyocyanin boi
cac dung mdi khac nhau duoc thé hién trén Hinh 3.23B va tong hop cac dinh hap
phu va dinh hap phu cuc dai duoc thé hién trong Bang 3.6. Quan sat hinh anh phd
UV-Vis ciia 2 mau pyocyanin duoc tach chiét tir hai dung méi dichlomethan va
chloroform cho thay su twong déng cao véi miu pyocyanin d6i ching (Hinh
3.23B), déu c6 dinh hap phu ¢ budc séng 520 nm cua sac td pyocyanin va dat dinh
hap phu cuc dai 274 nm tuong tu pyocyanin ddi chiing (Bang 3.6). Nhu vay, két
qua phan tich dac diém pho hap thu tir ngoai kha kién UV-Vis cua pyocyanin trong
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HCI 0,2N dugc tinh sach tir chung P. aeruginosa PS39-phzMS bai 2 dung moi
dichlomethan va chloroform cho hiéu qua cao dat do tinh sach twong tu pyocyanin
déi ching.

Bing 3.6. Quang phé kha kién cua cac dich chiét pyocyanin bang dung méi khéac nhau

o < Buwéc  Buwéc song
Buwéc song hap phu

TT Dung méi chiét 0.2N HCI (nm) séng cao nhat
PYO (nm)

1 PYO tinh sach 220; 280; 380, 520 520 280

2 Benzene 203; 278; 387, 523 278

3 Hexane 206; 251, 387, 521 251

4 Methanol 239; 272, 387, 525 272

5 Dichloromethane 208; 274, 387; 520 520 274

6 Ethylacetate 222; 387; 525 387

7 Chloroform 274; 387; 520 520 274

8  Dich nudi vi khuan khong chiét 224; 387; 521 387

Tur két qua khao sat lua chon dung méi thich hop cho tach chiét pyocyanin tir

dich nudi cy vi khuan, chloroform dugc sir dung trong céc nghién ctu tiép theo va

trong xay dung quy trinh tach chiét va lam sach san pham pyocyanin (Hinh 3.24).

Tong hop cdc budc tach chiét pyocyanin tir dich nudi vi khudn:

e Thu dich 1én men sinh khdi khi pyocyanin dat nong d6 téi da duoc xéac

dinh theo theo phuong phap Essar (1990);

Thém chloroform theo ty ¢ 1:1 vé thé tich (dich Ién men : chloroform),
lic déu trong 15 phut, sau d6 chuyén toan b dung dich vao phéu chiét,
dé lang dén khi dung dich phan thanh 2 16p;

Thu pha dung méi chloroform mau xanh chtza pyocyanin; Loai bo xac té
bao va dung dich sau nudi ciy;

Thém chlorohydric acid 0,2N theo ti 1& thé tich 1:1, lic déu dén khi 16p
dung dich phia trén cé mau do chira pyocyanin va 16p dung dich bén dudi
khong con mau xanh (néu pha dudi con mau xanh thi thém HCI lac tiép,
dén khi dung dich hét mau xanh). Loai pha dudi chloroform khéng con
chtra pyocyanin. Thu pha acid mau do va trung hoa bing NaOH 1M dén
pH trung tinh; Loc dung dich qua gidy loc dé thu duoc dung dich
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pyocyanin trong sudt mau xanh;

e Bo6 sung chloroform theo ty 1¢ 1:1 (thé tich) va c6 dic dung dich biang
may ¢ quay chan khéng & 80°C (Rotodex) dén thé tich nho nhat;

e B sung hexane theo ty 18 5:1 (thé tich) (khdng hoa tan pyocyanin), dé 4-
8°C trong 4 gi0, sau d6 -20°C trong 24 gio;

e Loc thu phan taa bot va 1am khd trong chan khéng, thu duoc pyocyanin dang
bot mau xanh;

e Dinh luong (theo phuong phap Essar) va kiém nghiém san pham
pyocyanin thu dugc bang cac phuong phap HPLC; MIC va MBC.

' Thu pha dwéi g Thu pha trén

+Chloroform fyy . HCI g +NaOHIN
—_— P—
Dich Ién men Dich chiét
vi khuan pyocyanin

Hinh 3.24. Minh hoa cac budc chiét pyocyanin tir dich nuéi cdy ching P. aeruginosa
PS39-phzMS
3.3.3. Ddanh gia d¢ sach caa pyocyanin

Ché pham dang bot pyocyanin thu dugc tir ching P. aeruginosa PS39-
phzMS dugc phan tich cac dic diém hoa, Iy va danh gia chat luong bang cac ky
thuat nhu phd UV-Vis, sic ky ban mong, sac ky long hiéu nang cao (HPLC) va khoi
phd phan giai cao.

Phan tich pho UV-Vis cua pyocyanin trong dung dich HCI cho thay
pyocyanin dugc chiét bang dichlometan va chloroform c6 phd twong ty nhu
pyocyanin tinh khiét. Pyocyanin tinh khiét va pyocyanin dwgc chiét bang
dichlometan va chloroform déu c6 dinh hap phu & budc séng 520 nm duoc st dung
dé dinh luong pyocyanin (Hinh 3.23). Binh cao nhét trong phd cua pyocyanin dugc
chiét xuat bang chloroform 1a 274 nm. Budc séng hap thu nay thuoc pham vi caa
pyocyanin ma dugc thay trong nhiéu céng bd trude day [113].

Hinh anh san pham pyocyanin duoc tach chiét dudi dang dung dich va dang
bot duoc thé hién tai Hinh 3.25. Bot sau khi thu duoc 1am sach bang sic ki ban
mong sau do két tua trong n-Hexane. Thu taa pyocyanin va lam khd trong chan
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khong dén khdi luong khong ddi. Chat luong pyocyanin dugc danh gia vé ham
lwong, d6 tinh sach bing ky thuat HPLC va khdi lwong phan tir cua hoat chat thu
duoc. Pyocyanin dang tinh thé dugc quan sat dudi kinh hién vi dién ti va thé hién
tai Hinh 3.26.

Dich chiét [wylanin AR F

tur dich nudi B0t pyocyanin

Hinh 3.25. Hinh anh pyocyanin sau qué trinh tach chiét va lam sach. Thir tu tir tréi sang:
Dich chiét pyocyanin tir dich nudi, bot pyocyanin, ban sac ky ban méong pyocyanin, dng
két tua pyocyanin trong n-Hexan.

e |w G

Hinh 3.26. Tinh thé pyocyanin thu nhan dwogc sau khi tinh sach

Ham luong va d6 sach caa pyocyanin dugc xac dinh bang sic ky long hiéu
nang cao (HPLC, Agilent 1260 series single quadrupole LC/MS system) véi
phuong trinh duong chuan y = 91,185x - 100,638 va hé sb tuong quan R? = 0,9999,
chi ra ham lugng pyocyanin trong mau dang dung dich dat 278,97 pg/mL; trong
mau dang bot dat 951,27 mg/g (chiém 95,13%) va tinh thé c6 do tinh khiét dat 97%
(Hinh 3.27, Phu luc 11).
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Hinh 3.27. Sic ky d6 sic ky long hiéu ning cao mau tach chiét pyocyanin tir Pseudomonas
aeruginosa PS39-phzMS. Budc s6ng hap phu 280 nm; A: Chét tham chiéu pyocyanin
chuan; B: Mau pyocyanin tach chiét tir dich nudi cdy vi khuan.
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Hinh 3.28. Khéi phd phan giai cao (HRMS) cua pyocyanin tach chiét tir dich nudi cy
Pseudomonas aeruginosa PS39-phzMS

Thém nita, két qua phan tich phé khdi lugng phan giai cao HRMS (Hinh 3.28)
cua pyocyanin chi ra khéi lwong phan tir caa hop chat 1a M = 210 twong ¢ng Voi
cong thizc phan tir C1sH1oN20 ciia pyocyanin. Pyocyanin tir chiing tai té hop c6 cac
dic tinh gidng nhu pyocyanin cua cac nghién ctu tham khao.
3.4. Pic tinh khang khuan ciia pyocyanin
3.4.1. Khd ndng khdng cac vi sinh vét Kiém dinh ciia pyocyanin

Nham nghién ciau phd khang khuan, dich chiét pyocyanin thu duoc tir
ching P. aeruginosa PS39-phzMS dugc kiém tra hoat tinh &c ché trén cac vi
sinh vat kiém dinh (VSVKD). Két qua duoc trinh bay & Bang 3.7 cho thiy, su
ting truong cua cac VSVKD gdédm vi khuan Gram (+): E. faecalis ATCC
29212, S. aureus ATCC 25923, B. cereus ATCC 13245: vi khuan Gram (-): E.
coli ATCC 25922, P. aeruginosa ATCC 27853, S. enterica ATCC 13076 bi
tric ché hoan toan ¢ nong do e ché téi thieu MIC 1a 25 pg/mL. i véi nam
men ndng do wc ché tdi thiéu 1a 6,25 pg/mL. C6 thé thay rang, pyocyanin thé
hién tinh khang khuan phé rong trén nhiéu dang vi sinh vat khac nhau (Bang
3.7, Phu luc 12).
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Bang 3.7. Nong do tc ché téi thiéu cia pyocyanin va cac khang sinh dbi véi vi sinh vat

kiém dinh
Gram (+)? Gram (-)° N4m men
Nengds | 2§ 8 92| _8 €3 s&| g¢g
(Hg/mL) g % eS8 £33 88 98 EBg| 23
< 0 © O © 0 wi O s O s O s O
- R T ok %] Yk
Pyocyanin 25 25 25 25 25 25 6,25
Streptomycin 256 256 128 32 256 128 -
Tetracyline 4 16 64 8 256 256 -
Kanamycin 128 4 8 128 64 16 -
Nystatin - - - - - - 8
Cycloheximide - - - - - - 32

* Ghi cha: Gram (+)% E. faecalis ATCC299212, S. aureus ATCC25923, B. cereus ATCC 13245.
Gram (-)®: E. coli ATCC25922, P. aeruginosa ATCC27853, S. enterica ATCC13076. Dau -: khdng
thuc hién phan Gng

3.4.2. Panh gia khd nang khang Vibrio spp. gay bénh trén tdm cia pyocyanin
3.4.2.1. Panh gid nong dé wc ché toi thieu (MIC) cia pyocyanin véi cac ching
Vibrio spp.

Hoat tinh d6i khang cua pyocyanin 1én cac chang vi khuan Vibrio spp.,
khang khang sinh gay bénh hoai tir gan tuy cap trén tbm thé chan tring va bénh
khac ¢ tom di duoc kiém tra trén 5 chung vi khuan dai dién bao gom V.
parahaemolyticus (VpKG12T1, VpST22T, VpCMT31) va V. harveyi (Vh3) va V.
alginolyticus (Val) dé danh gia kha nang uc ché toi thiéu caa dich chiét pyocyanin
d6i voi cac ching vi khuan nay.

Bang 3.8. Nong d6 tc ché tdi thiéu, MIC (ug/mL), ciia pyocyanin ddi véi cac chung

Vibrio spp.
VpKG12T1 VpST22T  VpCMT31  Vh3 Val
Pyocyanin (ug/mL) 12,5 12,5 12,5 17,5 17,5

* Ghi chd: VpKG12T1: V. parahaemolyticus VpKG12T1; VpST22T: V. parahaemolyticus
VpST22T; VpCMT31: V. parahaemolyticus VpCMT31; Vh3: V. harveyiharveyi Vh3; Val: V.
alginolyticus

Tur két qua trén Bang 3.8 cho thay, ba chung VpKG12T1, VpST22T va
VPCMT31 bj wc ché sinh truong hoan toan ¢ ndng d6 tdi thieu ¢ 12,5 pg/mL, hai
chang con lai gdm Vh3 va Val bi tc ché & ndng d6 17,5 pg/mL.
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3.4.2.2. Bdnh gid néng dg diét khudn toi thiéu (MBC) cua pyocyanin véi cac ching
Vibrio spp.

Céc chung Vibrio spp. sau 24 gio duoc nudi ciy trong méi trudng long APW
c6 bd sung pyocyanin & cac nong do khéac nhau tir 4 d¢én 50 ug/mL, két qua quan sat
d6 duc cho thay, tit ca 5 chung Vibrio déu sinh truéng dugce dén nong d6 12 pg/mL,
riéng 2 chung Val va Vh3 sinh truong duoc dén nong do dich chiét pyocyanin cao
hon 14 15 pg/mL. O cac néng d6 cao hon, khong quan sat thay dé duc caa dich nudi
cdy cua tat ca cac vi khuan khao sat (Bang 3.9). Kiém tra su sinh truéng cua cac
chung vi khuan bang cach cay trang dich nudi cay tir tat ca cac dng nay 1én dia thach
TCBS, két qua duoc tong hop tai Bang 3.10.

Bang 3.9. Sy sinh truéng cua cac chang Vibrio spp. trong méi trudng APW bé sung

pyocyanin
Vibrio spp. 1-2.10° CFU/mL Néng dd pyocyanin (ng/mL)
4 8 12 15 20 25 30 35 40 50

Vh3 + + + + - - - - - -
Val + + + + - - - - - -
VpKG12T1 S
VpST22T S
VpCMT31 S

* Ghi chu: (+) sinh truong; (-) khong sinh truong; VpKG12T1: V. parahaemolyticus VpKG12T1,
VpST22T: V. parahaemolyticus VpST22T; VpCMT31: V. parahaemolyticus VpCMT31; Vh3: V.
harveyiharveyi Vh3; Val: V. alginolyticus

Bang 3.10. Su sinh trudng cua cac chung Vibrio spp. trén moi truong thach TCBS

Nong d§ pyocyanin (ug/mL)

Vibrios spp. 1-2.10° CFU/mL

4 8 12 15 20 25 30 35 40 50
Vh3 + + 4+ o+ o+ - - - - -
Val + + 4+ o+ o+ - - - - -
VpKG12T1 + + + + - - - - - -
VpST22T + + + + - - - - - -
VpCMT31 + + + + - - - - - -

* Ghi cha: (+) sinh truong; (-) khdng sinh truong; VPKG12T1: V. parahaemolyticus VpKG12T1;
VpST22T: V. parahaemolyticus VpST22T; VpCMT31: V. parahaemolyticus VpCMT31; Vh3: V.
harveyiharveyi Vh3; Val: V. alginolyticus

Két qua tai Bang 3.10 cho thdy, & ndng do pyocyanin 20 pg/mL, khéng xuat
hién khuan lac cua ba chang vi khuan VpCMT31, VpKG12T1 va VpST22T sinh
truong trén dia thach TCBS, c6 nghia 13 cac chung vi khuan nay bj tc ché hoan toan
& nong do nay. BAi vai 2 chung Vh3 va Val, khéng ¢ khuan lac trén dia thach TCBS
& ndng do pyocyanin 25 pg/mL, cé nghia la 2 chang vi khuan nay bi wc ché hoan
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toan ¢ néng do pyocyanin 25 pg/mL. Nhu vay, c6 thé khiang dinh gia tri diét khuan
t6i thieu MBC dén 99,9% cua dich chiét pyocyanin déi véi chung VpCMT3L1,
VpKG12T1 va VpST22T Ia 20 pg/mL; va ddi vai chung Vh3 va Val 12 25ug/mL.
3.4.2.3. Pdnh gid kha ndng khdng cac chung Vibrio spp. gay bénh trén tdm bang
phurong phép khuéch tan dia thach
Hoat tinh khang khuan cuaa dich chiét pyocyanin ciing duoc dénh gia dya vao

kha nang wc ché sy sinh truéng cua cac chang Vibrio spp. theo phuong phéap khuéch
tan dia thach Kirby-Bauer.

Bang 3.11. Kha nang khang cac chang Vibrio spp. gay bénh trén tdm cua pyocyanin

pyocyanin Puong kinh ving c ché (mm) caa cac chiing Vibrio spp.
‘ug/khoanh gidy) VpCMT31 VpST22T VpKG12T1 Vh3 Val

26 26,0+0,06 28,0£0,06 26,2+0,07 25,3+0,05 31,7+0,12

13 23,3£0,03 25,2+0,05 22,2+0,05 23,6£0,05 28,5+0,07

6,5 21,640,056 22,3+0,04 21,740,05 22,1+0,05 27,0+0,07

3,25 19,2+0,05 20,6+0,03 18,2+0,05 18,2+0,05 25,4+0,07

1,625 17,9+0,05 19,140,05 17,2+0,05 16,3+0,05 18,3+0,06

0,8125 15,0£0,05 16,3+£0,05 14,2+0,05 13,7+0,05 15,6+0,05

0,4062 14,0£0,05 12,240,05 11,7+0,05 9,9+0,05 14,240,05

0,2031 5,7+0,03 0,0 0,0 0,0 6,0+0,01

Gen (10) 9,0+0,02 9,0£0,01 11+0,05 6,0+0,01 7,0£0,01
* Ghi chd: VpKG12T1: V. parahaemolyticus VpKG12T1; VpST22T: V. parahaemolyticus
VpST22T; VpCMT31: V. parahaemolyticus VpCMT31; Vh3: V. harveyi Vh3; Val: V.
alginolyticus.

Két qua nhan duoc (Bang 3.11) cho thiy, & ndng d6 pyocyanin dudi 6,5
ug/khoanh giay (duong kinh 6 mm), duong kinh vong khang khuan da s6 déu < 20
mm, trong giai nong do tir 6,5 — 13 pg/khoanh gidy khong c6 su khac biét nhiéu trén
mot chung, nhung tir ndng d6 26 pg/khoanh gidy duong kinh vong khang khuan
tang 1én rd rét va dat khoang 25 — 32 mm, trong khi ¢ khang sinh ddi chung
gentamycin (Gen) 10 pg/khoanh gidy duong kinh vong khang khuan rat nho dao
dong tir 6-11 mm. Nhu vay pyocyanin c6 kha ning e ché manh céac chung Vibrio
spp. trong do c6 cac chung V. parahaemolyticus VpKG12T1, VpST22T, VpCMT31
la cac chung gay bénh trén tém. Trong tat ca cac thi nghiém & nong do tetracycline
(T) 10 pg/khoanh gidy (duong kinh 6 mm) cac chung Vibrio spp. déu sinh truéng
binh thuong, khdng phat hién thdy vong khang khuan xung quanh khoanh gidy do
cac ching nay da khang lai khang sinh tetracycline (Hinh 3.29).
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V. parahaemolyticus-VpCM

V. parahaemolyticus- VpSI’

V. alginolyticus

V. harveyi

Hinh 3.29. Minh hoa kha nang khang cta pyocyanin vai cac chung Vibrio spp. gay bénh
trén tdm: V. parahaemolyticus VpCMT3 (A), V. parahaemolyticus VpST22T (B), V.
alginolyticus Val (C) va V. harveyi Vh3 (D). T — Tetracycline; Gen — Gentamycin; a, b,
1,2,3 va 4 — twong (ing cac nong do cua pyocyanin 0,406; 0,8125; 3,25; 6,5; 13; 26
pg/khoanh gidy;

3.5. Nghién ciru diéu kién nubi thich hop cho ting sinh pyocyanin tir P.
aeruginosa PS39-phzMS

Céc diéu kién nudi cdy vi khuan c6 thé anh huong dén kha ning sinh tong
hop hoat chat cua ching vi sinh vat. i véi ching vi khuan P. aeruginosa PS39-
phzMS, cac yéu té hoa Iy va thanh phan méi truong nudi cay duoc khao sat dé kiém
tra kha nang sinh téng hop pyocyanin (Phu luc 14).
3.5.1. Anh hwong ciia cac yéu té hoa ly dén sinh téng hep pyocyanin béi P.
aeruginosa PS39-phzMS
3.5.1.1. Anh huong cua nhiét do nudi cay
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Hinh 3.30. Anh huéng caa nhiét do dén sinh tong hop pyocyanin ¢ chung P. aeruginosa
PS39-phzMS. Nong d6 pyocyanin duoc thé hién bang biéu db cot vai gia tri trung binh va
dd léch chuan.
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Anh huong cua nhiét d6 duoc xac dinh bang cach nudi ciy chung tai té hop
& giai nhiét d6 khac nhau tir 20°C, 28°C, 30°C, 37°C va 45°C. Trong d6, nhiét do tdi
wu dé sinh tong hop pyocyanin c6 ham lugng cao la khoang 28 - 30°C. Nong d6
pyocyanin do P. aeruginosa PS39-phzMS tao ra & nhiét do toi wu la khoang 24
ng/mL va c6 su khac biét khong dang ké giira 28°C va 30°C (t-testzs vs 30: p=0,3005).
Sy gia tang nhiét d6 1am giam ndng d6 pyocyanin, khi nhiét d6 dat 45°C pyocyanin
giam xudng 3,7 + 0,43 pg/mL (Hinh 3.30). Két qua nhan dwoc cho thiy, & khoang
28 - 30°C la nhiét d6 thich hop cho sinh téng hop pyocyanin & ching PS39-phzMS.
3.5.1.2. Anh hurong cua téc dé ldc

Trong qué trinh 18n men, nong d6 oxy 1a yéu té quan trong dbi voi sy phét
trién cua vi khuan ciing nhu san xuat cac chat chuyén hoa thi cap. Ké thira két qua
xac dinh nhiét d6 téi uu, cac thir nghiém vé téc do lic duoc thuc hién ¢ 30°C va voéi
cac téc do lac khac nhau 50, 100, 150 va 200 vong/phut, két qua duoc minh hoa
trong Hinh 3.31. Ham lugng pyocyanin thu nhan tang dan theo téc do lac va dat cao
nhat 23,97 + 1,89 ng/mL sau 72 gio nudi ciy & 200 vong/phut. Két qua cho thay,
nong do pyocyanin tang ty 1¢ thuan vai téc do lic va chang PS39-phzMS duoc nudi
cay ¢ 200 vong/phut 1a téc do t6i uu va phu hop véi diéu kién pham vi thi nghiém.
Diéu nay cho thay oxy c6 vai tro rat quan trong trong viéc sinh tong hop pyocyanin
& vi khuan P. aeruginosa.

B0

Pyocyanin (ug/mi)

Q O O O
S & &

Toc do (v/p)

Hinh 3.31. Anh huéng caa tée do lic dén qua trinh sinh tong hop pyocyanin ¢ ching P.
aeruginosa PS39-phzMS. Néng do pyocyanin duoc thé hién bang gia tri trung binh va do
léch chuan.
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3.5.1.3. Anh hurong cua thoi gian nudi cdy
P. aeruginosa PS39-phzMS duoc nudi cy trong méi trudng KingA véi céc

diéu kién tdi wu da xac dinh ¢ trén. Dich nudi cdy duogc thu thap sau mdi khoang
thoi gian 24 gio dé xac dinh ham luong pyocyanin dugc tiét ra moéi truong. Két qua
nhan duogc chi ra, ndng d6 pyocyanin ting 1én theo thoi gian va dat cuc dai sau 120
gio nudi cdy, véi ham luong pyocyanin dat dinh 34,04 + 0,87 pug/mL va giam nhanh
sau d6 (144 gid nudi ciy) (Hinh 3.32). Nhu vay, thoi gian nudi cay thich hop cho
san sinh pyocyanin & chung P. aeruginosa PS39-phzMS trong diéu kién thi nghiém
14 120 gio (hay 5 ngay).
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Hinh 3.32. Anh huong cua thoi gian nudi cdy dén sinh tong hop pyocyanin & chang P.
aeruginosa PS39-phzMS. Nong d6 pyocyanin duoc hién thi bang gia tri trung binh va d¢
léch chuan.

3.5.1.4. Anh huéng cua pH
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Hinh 3.33. Anh huong caa pH dén sinh tdng hop pyocyanin bgi P. aeruginosa PS39-
phzMS. Nong do6 pyocyanin dugc hién thi bang gia tri trung binh va do léch chuan,
ANOVA: p<0,0001.
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Anh huong cua pH duoc xac dinh bang cach nudi ciy P. aeruginosa PS39-
phzMS trén méi truong duoc diéu chinh dén cac pH khéc nhau (6, 7, 8 va 9), duoc
cay vai 10% gidng, & 30°C va 200 vong/phat theo két qua cua cac thi nghiém trudc
vé nhiét do va tdc do lic. Nong do pyocyanin ¢ pH 6, 9 khong cho thiy su khéc biét
dang ké sau 72 gio cho dén 120 gio, dat trong ung tir 16,73+0,68 dén 18,5+0,34
ng/mL va 14,51+0,78 dén 21,060,85 pg/mL. Su sinh téng hop pyocyanin cao nhat
dat 34,60 + 0,71 pg/mL dugc quan st thdy & pH 8 sau 120 gio nudi ciy (Hinh
3.33). Két qua nhan duoc chi ra, ndng d6 pyocyanin dat cao nhat sau 120 gio va &
pH 8 1a 34,60+0,71 pg/mL. O méi truong pH 6 hoac pH 9, nong do pyocyanin cua
chung P. aeruginosa PS39-phzMS bi anh hudng manh, c6 gia tri thap nhat sau 120
gio nudi cdy. V&i pH méi truong 13 7, ndng do pyocyanin c6 su thay doi nhung
chua dat cao nhét.

3.5.2. Lira chon mét sé nguén dinh dwing thich hop cho sinh téng hop pyocyanin
A0
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Hinh 3.34. Anh huong cua cac thanh phan mai trudng dén sinh tong hop pyocyanin &
chung P. aeruginosa PS39-phzMS. KingA: Mai truong KingA; KingA+A: KingA +
Alanine; KingA+G: KingA + Glutamic acid; AM: KingA + Alanine khéng c6 peptone;
GM: KingA + Glutamic acidkhdng c6 peptone. Nong do pyocyanin dugc hién thi bang gia
tri trung binh va do léch chuan, t-testam vs om: p<0,05.

Niam moi truong khac nhau dugc tao nén dua vao moi truong kinh dién
KingA, di duoc st dung cho nudi cdy chang P. aeruginosa PS39-phzMS nham
kiém tra kha ning sinh tong hop pyocyanin. Cac diéu kién nudi cay duoc ké thira tir
cac thi nghiém nghién ctu anh hudng cua cac diéu kién nudi ciy dén kha ning sinh
pyocyanin. Quan sat binh nudi cy trong qua trinh phat trién cho thay hai trong s6
nim moi trudng thir nghiém sinh sac t6 pyocyanin xanh luc dam la AM va GM.
Chiang 13 méi truong KingA trong d6 peptone duoc thay thé twong ung bang
Alanine va glutamic acid. Nong do pyocyanin sinh téng hop trén méi truong AM va
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GM lan luot 12 34,71 + 0,35 pug /mL va 35,57 + 0,26 pg/mL; dit liéu duoc trinh bay
trong Hinh 3.34.

Alanin va glutamic acid déu thich hop cho sinh tong hop pyocyanin, tuy
nhién, vai glutamic acid ham lwong pyocyanin duoc sinh tdng hop cao hon (t-test, p
= 0,0277) va duoc chon cho cac budc tiép theo cua qué trinh téi wu. Glutamic acid
dugc bd sung & cac mirc 0,75%, 1%, 1,25% va 1,5% (tuong duong 7,5; 10; 12,5
va 15 g/L) dung khao sat dé nghién ciru anh huéng ddi véi san sinh pyocyanin boi
P. aeruginosa PS39-phzMS. O ndng d6 glutamic acid cao hon 1% cho thay kha
ning ting sinh pyocyanin ting cao dan. Vi ndng do glutamic acid 1,5% kha ning
tang sinh pyocyanin cao nhat dat 49,57 + 1,71 ug/mL (Hinh 3.35). Thanh phan cua
moi truong sinh pyocyanin phu hop véi P. aeruginosa PS39-phzMS la K>SO4 10
g/L; MgCl..H20 3 g/L; glycerol 10 mL/L; gentamycin 200 ug/mL va glutamic acid
15 g/L. O pH 8 va 30°C, sau 120 gio nudi ciy pyocyanin dat mic cao nhat va cao
hon x4p xi 3 1an so véi chung ty nhién P. aeruginosa PS39.
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Hinh 3.35. Anh huong caa ndng do glutamic acid dén sinh téng hop pyocyanin & chang
P. aeruginosa PS39-phzMS. Néng do pyocyanin duoc hién thi bang gié tri trung binh va d6 léch chuan,
phan tich one-way ANOVA sir dung phan mém GraphPad Prism 6.01 véi p<0,0001.

Nhu vay nghién ciu trén cho thiy diéu kién téi vu cua chung vi khuan P.
aeruginosa PS39-phzMS mang plasmid tai t6 hop chira hai gen phzM, phzS di san
sinh pyocyanin véi hiéu qua cao nhat 1a: pH 8, nhiét d6 30°C, téc do lic 200
vong/phut; thoi gian 120 gio trong méi truong KingA dugc thay thé peptone boi
1,5% glutamic acid.
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CHUONG 4. THAO LUAN
4.1. P. aeruginosa PS39 sinh pyocyanin va kha ning khang khuén

Vi khuan sinh pyocyanin duoc tim thay tir nhiéu ngudn sinh thai khac nhau,
c4c vi khuan nay c6 cac dai dién duoc phan Iap tir ngudn dit, nuée va nude bién,
c4c mau bénh pham ... [48][46][114]. Véi dinh hudng tim kiém, sang loc chang vi
khuan c6 kha ning sinh pyocyanin dé phuc vu trong céng nghiép nudi trdng thuy
hai san, miu nudc dam nudi tom da duoc sir dung lam ngudn nguyén lidu cho qua
trinh phan 14ap va tuyén chon chang.

P. aeruginosa duoc cho 1a nhém vi khuan dic trung cho kha ning sinh téng
hop pyocyanin. Pyocyanin dugc tong hop bai 90-95% cac chung P. aeruginosa
phan 1ap [115]. Tuwong tu, két qua thu duoc tir nghién ctru nay cho thay ca 9 ching
vi khuan phan lap déu sinh sic t6 xanh dic trung ctia pyocyanin (Hinh 3.1) déu
thudc chi Pseudomonas va duoc khang dinh théng qua két qua khuéch dai doan gen
PA (Hinh 3.2) déc trung cho loai P. aeruginosa.

Céc chung vi khuan duoc phén Iap tir nghién ciru nay cho thay chiing déu c6
kha nang sinh pyocyanin trén méi truong KingA véi cdc mic d6 khac nhau. M6oi
truong KingA [87] chua thanh phan chinh gém peptone, MgClz, K2SO4 la moi
truong co ban duoc st dung dé sang loc va thay doi nham ting cuong su sinh tong
hop pyocyanin ciing nhu han ché sy hinh thanh cua cac loai sic t khac. Mai truong
KingA 1a moéi truong King di duoc bd sung glycerol, dé téi vu sinh tong hop
pyocyanin béi nhiéu nghién ctu trude day khi so sanh véi cac méi truong dinh
dudng khéc [46]. Chung PS39 c6 kha ning sinh pyocyanin cao nhit trong s6 9
chung vi khuan phan lap sinh pyocyanin, ¢ cac dac diém sinh hoa giong véi dic
diém sinh hoa cua chung chuan P. aeruginosa ATCC27853 tir bo suu tap ching
giong cia My ATCC (Bang 3.2). Két hop céc dic diém vé hinh thai khuan lac, té
bao, dic diém sinh héa va trinh tu gen dic trung lodi, gen 16S rRNA, ching vi
khuan phan I1ap PS39 dugc dinh danh P. aeruginosa PS39. Chung géc PS39 trong
thi nghiém nay sinh pyocyanin cao hon so v&i cac chung phén lap khac duoc chi ra
trong qué trinh sang loc céc chang phan lap (15,02+0,56 mg/L, két qua duogc trinh
bay tai muc 3.1.3). Trong nghién cau ndy, su thay d6i thanh phan méi truong
KingA trong sang loc cac dong tai to hop, bang cach thay thé peptone boi glutamic
acid da lam tdng cudng sy san sinh pyocyanin & cac dong tai to hop.

Trinh tu gen 16S rRNA cua chung vi khuan PS39 c6 do twong ddng cao
100% vé&i mot sé chung P. aeruginosa khac duoc phan 1ap tir mau nuéc bién hoac
nuéc lo nhu chang P. aeruginosa MCCB117 dugc phén 1ap tir nudc bién cua An
Do va chung P. aeruginosa MCCB102 c6 ngudn gdc tir nudc lo cua An Do. Pay 1a
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cac mau duoc cac nha khoa hoc An D6 dung dé nghién ctru thu nhan pyocyanin cé
kha ning Gc ché vi khuan Vibrio spp. gay bénh & tom st [51]. P. aeruginosa 1 vi
khuan Gram am phé bién & méi truong trén can va ca dudi nuéc, 1a dai dién chinh
cua chi Pseudomonas phat huynh quang, la chi Pseudomonas da dang nhét véi hon
140 loai, cac loai nay thuong xuyén dugc phan loai lai do tinh da dang sinh hoc cta
ching [116]. Tinh linh hoat trong trao d6i chat cua P. aeruginosa tao cho loai vi
khuan nay c6 stirc d& khang cao va kha ning chiu duoc cac diéu kién bat loi, va
ching c6 thé phuc hdi trong cac mai truong khiac nghiét khac nhau [117]. Céc loai
Pseudomonas biéu hién cac kiéu hinh khac nhau nhd san sinh cac yéu té nhu
alginate, chat két dinh, neuraminidases, lipopolysaccharide, exotoxin A,
enterotoxin, exoenzyme S, phospholipase C, elastase, leukocycline va céc sic tb
[118]. P. aeruginosa c6 thé tong hop it nhat sau loai sic t6 khac nhau: fluorescein,
pyoverdine, pyomelanin, aeruginosin A, aeruginosin B va pyocyanin [119]. Ba chat
mau cubi ciing duoc liét ké vao nhém phenazine [115]. Trong d6, pyocyanin 13 sic
td quan trong trong cac loai phenazine tu nhién di dugc mod ta, cac hop chat nay
cling c6 thé duoc tdng hop béi mot sé it loai vi khuan va ¢ khuan [115].

Ngoai ra, nhd su da dang kiéu hinh va tinh linh hoat trong trao doi chat ma
loai vi khuan nay c6 kha niang sir dung hon 90 loai phan tir 1am ngudn cacbon va
nang lugng [120]. Khuan lac P. aeruginosa c6 duong kinh trung binh tir 0,8 dén 2,2
um va c6 mau xanh luc do su tng hop cua hai sic té chinh duoc tao ra 13 mau xanh
lam (pyocyanin) va mau vang (fluorescein). Khuan lac cua chung P. aeruginosa
PS39 c6 kich thuéc va mau xanh luc dic trung (Hinh 3.3), 1a chung c6 thé san sinh
ca 2 loai sic t6 la pyocyanin va fluorescein. Viéc sinh cac sic tb, dic biét 1a
pyocyanin, c6 thé duoc xem nhuting cuong sy biéu hién cua céac yéu té doc luc cua
P. aeruginosa. Ngoai ra, sy san sinh cac phenazine giup P. aeruginosa tang kha
nang thich nghi trong bat ky méi truong séng nao ma chdng sinh truong. Picu nay
gilip chdng ton tai, duy tri tot hon trong méi trudng song [121]. P. aeruginosa c6
thé phéat trién trong méi trudng ty dudng nhung tao ra it pyocyanin hon khi duoc
tiép xUc véi nude, vai moi truong (Gongalves & Vasconcelos, 2021)[115].

Hién nay c6 rat it cong bd vé kha ning khang lai vi khuan Vibrio gay bénh
trén cac ddi twong thity san, dic biét Vibrio spp. gay bénh trén tém cua pyocyanin.
Do d6 kha niang ¢ ché va diét Vibrio gay bénh tdm cua pyocyanin sinh ra boi
chang P. aeruginosa PS39 trong nghién ciru nay da cung cip thém théng tin vé tng
dung ctia pyocyanin trong ngan ngira bénh nhiém khuan Vibrio trong nuéi tém nuéc
lo. Két qua nay duoc cung cb hon khi c6 mot s6 nghién ctiu khac déu cong b céc
két qua tuong dong vé kha ning khang khuan cua pyocyanin tir Pseudomonas. C6
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thé ké dén tac gia Priyaja va cong su (2012) di cong bb tinh khang cua pyocyanin
thu duoc tir vi khuan Pseudomonas phan 1ap tir méi truong nudc lg d6i véi 7 loai
Vibrio bao gom V. harveyi, V. parahaemolyticus, V. vulnificus, V. alginolyticus, V.
fluvialis, V. mediterrani va V. nereis véi duong kinh vong khang khuan tir 13,5 dén
31,0 mm. Tac gia ciing chi ra kha nang sinh pyocyanin cua cac chiung P. aeruginosa
phu thudc vao do6 man cua mdi truong nudi ciy, lugng pyocyanin cao nhat duoc
sinh tong hop trong méi trudng c6 dd man 5-10 g/L [51]. Nam 2022, Balakrishnan
st dung pyocyanin tir P. aeruginosa nhu mét loai thudc an toan va than thién véi
méi trudng khi tng dung vao hé thdng nudi trong thay san, két qua da cho thay hiéu
qua e ché vi khuan Vibrio spp. & nong do 5 mg/L va khong anh hudng dén cac
nhém vi sinh vat di dudng tu nhién khac [122]. Thém nira, chung P. aeruginosa va
pyocyanin da duoc (ing dung gitp gia ting sitc khée va hé mién dich caa tdm bac
Penaeus latisulcatus khi cho tém n véi lidu lwong 10° CFU/mL. Vi khuan P.
aeruginosa YC58 ciing lién két hoat dong véi hé vi sinh caa au tring hau Cortez, C.
Corteziensis, giup gia ting ty 1¢ sdng va tiang truong cua hau ngoc Pinctada
mazatlanica [15][14].

4.2. Ching tai t6 hop P. aeruginosa PS39-phzMS va kha ning ting sinh
pyocyanin

Chung tu nhién P. aeruginosa PS39 trong nghién ctru ndy c6 kha nang sinh
pyocyanin, tuy nhién ham luong pyocyanin sinh téng hop chi dat 15,02+0,56
ng/mL (Bang 3.1) do d6 viéc tao chung tai to hop ¢ c6 kha ning sinh pyocyanin
cao va 6n dinh 1a muc tiéu dugc dit ra. Hai gen quan trong trong qué trinh chuyén
hoa sinh tong hop pyocyanin boi P. aeruginosa 1a phzM va phzS, 1a hai gen dich
duoc lya chon cho viéc dong biéu hién nham ting ning sut san sinh pyocyanin &
chung P. aeruginosa PS39. Hai gen nay dugc nhan ban tir bd gen cuaa chung tu
nhién P. aeruginosa PS39 sau d6, duoc bién nap vao chinh chang P. aeruginosa
PS39 thong qua vector biéu hién pUCP24 nham ting cudng su biéu hién cua hai
enzyme PhzM va PhzS tir d6 thiic ddy su ting ning suit pyocyanin cia chang vi
khuan cht.

Plasmid tai té hop pUCP24-phzMS chira 2 gen phzM va phzS duoc bién nap
vao té bao kha bién P. aeruginosa PS39 tao chung tai to hop P. aeruginosa PS39-
phzMS. Mavrodi va dong tac gia (2001) da khing dinh vai trd cua hai enzyme nay
khi P. fluorescens (khéng sinh tong hop pyocyanin) duoc bién nap véi phzM va
phzS da tong hop mot lugng dang ké pyocyanin va ngay ca véi ching E. coli dugc
bién nap véi 2 gen trén di tiét pyocyanin nho chuyén hoa co chat PCA duogc bo
sung vao méi trudong nudi cay ¢ thoi diém thich hop [75]. Thém nira, khi chang P.
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aeruginosa bi bat hoat gen phzM do dot bién néu duoc bién nap véi plasmid mang
gen phzM s& gia ting su tong hop pyocyanin véi ham lwong cao hon so véi ching
géc [68][75]. Nhu vay, trong thi nghiém nay chung tai t6 hop P. aeruginosa PS39 -
phzMS d3 nhan plasmid mang 2 gen phzM va phzS cho phép biéu hién pyocyanin
tang cudng so véi chang géc.

Trong hai thap ky qua, cdng nghé giai trinh ty thé hé méi (NGS) da duoc
phét trién va ang dung manh mé trong y hoc, ndng nghiép, maéi truong, vi sinh va
sinh hoc [123]. NGS Ia mot cdng cu manh mé dé phan tich gen, toan bo bd gen va
cac nhdm gen. Trong vi sinh vat hoc, nd cé thé gilp nghién ctu bénh tat va xéac
dinh dic diém cua cac gen chire nang & vi khuan [123]. Millan va cong su (2015) da
ap dung NGS dé phan tich plasmid pAMBL1 va pAMBL2 tir P. aeruginosa, nghién
ctru st dung phan mém Geneious 7.1.7 dé xu Iy dix liéu tir hé théng PacBio. Ho
phat hién ra rang plasmid pAMBL1 va pAMBL2 c6 chta kha ning sao chép
blaVIM-1 cassette, c6 thé gop phan lam ting mirc d6 khang khéang sinh cua P.
aeruginosa. Trong nghién curu nay plasmid pUCP24-phzMS da duoc giai trinh tu tir
té bao chang tai to hop dé xac nhan sy ton tai caa cap gen phzM-phzS trong plasmid
bang hé thong Miseq.

Hai gen phzM vaphzS duogc cai vao vector pUCP24 dugc dam bao phién ma
trong cung soi MRNA nho su ¢6 mat cuaa trinh ty khéi dong, promotor chung cho ca
hai gen (Lac promoter) va sy gan dung chiéu cia 2 gen nay trong vector véi cac trinh
tu vi tri gan ribosome pht hop cho mdi gen. Qua trinh dich md mRNA thanh PhzM
va PhzS s& duogc bit dau khi cac ribosome lién két voi cac vi tri gan ribosome cua
mai gen. Dit liéu thu dugc tir viéc giai trinh tir toan bd vector da xac nhan va lam rd
Vi tri cling nhu kha niang hoat dong cua cac gen dong biéu hién phzM va phzS. Vi tri
lién két cua ribosome d6i vGi gen phzM nam & cac nucleotide 3732-3736 (trén trinh
tu cia vector pUCP24), con véi vi tri lién két ribosome cho phzS nam & vi tri
nucleotide 2652-2655 ¢4 ngudn gbc tir gen phzS cua P. aeruginosa PS39.

Thém nira, minh ching cho viéc biéu hién thanh céng phzM va phzS con thé
hién ¢ viéc tang cuong kha ning chuyén hda PCA thanh pyocyanin ¢ chung tai to
hop. Pyocyanin duoc tong hop tir tién chat PCA (la mot chat thugc nhom
phenazines, dugc tong hop bai Pseudomonas) bang hai budc chuyén hoa nhd hai
enzyme PhzS va PhzM dugc ma hoa tir hai gen trén. Qua trinh tong hop pyocyanin
tir tién chat PCA boi P. aeruginosa gom hai bude: Buéc 1) Enzyme PhzM x(c tac
chuyén hda PCA thanh 5-methylphenazine-1-carboxylic betaine acid; Budc 2) Qué
trinh hydro hoa va qua trinh decarboxy cua 5-methylphenazine-1-carboxylic betaine
acid thanh pyocyanin véi sy tham gia caa enzyme PhzS (Hinh 1.7). Sy tham gia
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ddng thoi cua hai enzyme PhzM va PhzS la diéu kién bat budc dé P. aeruginosa
sinh tong hop pyocyanin. Pay 1a co s¢ dé nghién ctu ting cuong kha ning sinh
t6ng hop pyocyanin bang phuong phap chuyén gen [75][70]. Tuy nhién tir PCA c6
thé hinh thanh mot s6 hop chit khac nhu PCN va 1-OHPHZ béi sy xdc tac cua céc
nhoém enzyme khac [70]. Két qua nhan dugc & chang tu nhién thé hién, PCA van
con véi mot lugng dang ké khong dugc chuyén héa hoan toan thanh pyocyanin.
Trong khi dé, véi chung tai t6 hop 16p dung mdi chira PCA trong sudt khdng mau
chtng to ham lugng rat thap hodc khong con PCA trong dich nudi ciy Hinh 3.21A
va 3.15B cho thay su khéac biét vé mau sic cua pyocyanin va PCA duoc tao ra &
chang ty nhién va tai to hop.

Két qua cho thay rang viéc tang cuong biéu hién ddng thoi cac gen phzM va
phzS trong vi khuan tai t6 hop P. aeruginosa PS39-phzMS din dén tiang cudng sinh
tong hop pyocyanin théng qua chuyén héa PCA, thé hién ¢ nong d6 chat dich
pyocyanin cao hon va tién chat PCA it hon trong dich nudi chang tai t6 hop so véi
chang tu nhién. Vi vay, viéc chuyén gen phzM va phzS vao chung tu nhién géc 1a
mét cach hiéu qua dé tang chuyén d6i PCA thanh pyocyanin.

Priyaja dat duoc két qua twong ty khi tac gia chuyén cum gen tong hop
pyocyanin (hon 10 kb), operon bao gom céc gen phz, trong d6 chaa phzM va phzS
cua chang P. aeruginosa MCCB117 bing cach sir dung vecto pUCP24 vao chinh P.
aeruginosa MCCB117 [111]. Ning suét pyocyanin cia dong tai to hop cao gap doi
S0 vé&i dong ty nhién [111]. Nghién ctu vé P. putida KT2440 dugc bién doi gen boi
Askitosari va cong su da cho thiy luong pyocyanin ting dang ké bang céch tai to
hop ddng thoi hai plasmid, mot plasmid chira phzM va mét plasmid khac mang
phzS. Bén canh do, luong PCA trong chung da giam dang ké khoang 90%. Hon
nita, nghién ctu ciing chi ra rang cum gen phzM va phzS tir céc ching P.
aeruginosa khac nhau c6 tac dung khac nhau trong viéc ting cudng san xuat
pyocyanin [124]. Do d6, hiéu suat cua plasmid tai t6 hop pUCP24-phzMS 16 rang da
tac dong tich cuc dén qua trinh tong hop pyocyanin cia P. aeruginosa PS39-phzMS,
din dén luwong PCA thdp. PCA 1a hop chat tién than caa pyocyanin, 1-
hydroxyphenazine (1-OH-PHZ) va phenazine-1-carboxamide (PCN). Sy tong hop
pyocyanin tir PCA théng qua xuc tac caa hai enzyme phzM va phzS, trong khi 1-OH-
PHZ duoc tao thanh véi su xuc tac bai chi mot enzyme phzS va PCA chuyén hoa
thanh PCN nho enzyme phzH. Nghién ctru khac ciing cho thay E. coli JM109 mang
plasmid chira cac gen phzM va phzS, da chuyén héa PCA thanh pyocyanin [75].

Céc phuong phap tiép can khac ciing da dwoc nghién ciu dé ting san xuat
pyocyanin boi nhiéu nhém nghién ctu. Vi dy, Wang et al. (2020) di tao ra P.
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aeruginosa YTArpoS dot bién trong d6 gen RpoS bi mét [82]. P. aeruginosa
YTArpoS c6 thé ting tong hop gip doi luong PCA, va ndng do pyocyanin ting 1én
4 1an so véi chung tu nhién. Tac gia nhan thay rang s viang mit cua gen RpoS da
gay ra su gia ting biéu hién cua gen phzM va két qua 1a ham luong pyocyanin da
tang 1én [82][99].

Tém lai, trong nghién ciru nay NGS da dugc ap dung dé xac dinh trinh ty
plasmid cua P. aeruginosa PS39-phzMS. Cau trdc plasmid tai t& hop da dwoc xac
nhan nhu da thiét ké. Nong do pyocyanin duoc tao ra boi dong tai to hop ting dang
ké & muc cao hon 2 1an (31,22 pg/mL) so véi chung tu nhién (13,47 ug/mL) trong
d6 PCA tir P. aeruginosa PS39-phzMS (OD367 = 0,03) giam déng ké so véi P.
aruginosa PS39 (OD367 = 0,39). Do d6, plasmid chira cac gen phzM va phzS cé thé
cai thién sinh tong hop pyocyanin théng qua viéc chuyén hda PCA phenazine thanh
pyocyanin cao hon thong qua cac enzym PhzM va PhzS. Nhiing dir liéu d6 1a bang
chang cho thay viéc hiéu qua caa viéc ting cuong biéu hién phzM va phzS trong
qué trinh sinh tong hop pyocyanin & P. aeruginosa.

Két qua NGS cua plasmid tai t6 hop pUCP24-phzMS da chiing minh sy toan
ven ciia gen phzM va phzS trong plasmid cua ching chuyén gen P. aeruginosa PS39-
phzMS qua d6 c6 thé chon loc dugc chung c6 kha ning tao pyocyanin qua Viéc xac
dinh ham lwong do vi khuan tao ra. Pong thoi, két qua nay da tiép can duoc ky thuat
NGS va ching minh su toan ven, day da thanh phan yéu t6 caa plasmid tai to hop
cho phép biéu hién cua cac gen quan tam. Bing phuong phép bién nap plasmid mang
cac gen phzM va phzS vao chinh chang tu nhién (chang gbc) da dat duoc hiéu qua
biéu hién tinh chat cua cua gen 1am ting chuyén hda hop chit PCA tao ning suat san
sinh pyocyanin ting cao. Tir két qua nay cho thay c6 thé &p dung cho céc nghién ctu
tuong tu dé ting ning st cac san pham trao doi chat do vi khuan tao ra.

Nhu d3 thé hién qua cac két qua thu duoc, cac dung moi benzene, hexane va
ethylacetate di tao cac pha riéng ré gitra dung méi chiét va dich nudi cay vi khuan
trong qua trinh chiét xuat pyocyanin, tuy nhién khdng loai bé pyorubin (mau do) va
pyomelanin (mau nau) ra khoi méi truong nudi cay cé chira pyocyanin. Nguoc lai,
dichloromethane va chloroform tao ra sy phan tach tét giira cac pha, trong dé 16p
trén cing bao gdm pyorubin va pyomelanin, va pha dudi 1a hdn hop pyocyanin
(mau xanh) va pyoverdine (mau vang). Pha dudi c6 mau xanh lam chtra dung moi
va hop chit pyocyanin (xanh lam) va pha trén (nau do) chtra cac thanh phan khac
(Hinh 3.22). Pha dung mdi chira pyocyanin duoc thu va acid hda bang céch thém
HCI 0,2N. Pyocyanin hoa tan trong pha HCI va tao dung dich mau hong, con
pyoverdine nam trong pha dung mdi. Dichloromethane va chloroform Ia nhiing
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dung mai thich hop vi chiing c6 thé loai pyoverdine ra khoi pyocyanin. Dung dich
acid hoa duoc trung hoa bang NaOH IN dén pH trung tinh dé tao ra dung dich chira
pyocyanin tinh sach. Céc dung dich pyocyanin dugc chiét xuat bang
dichloromethane va chloroform c6 méau xanh dién hinh tuong ty nhu pyocyanin tinh
khiét (Hinh 3.23) va dat ham luong lan luot 20,26 + 0,876 (ug/mL), 25,27 + 1,024
(ug/mL). Nhu vay, chloroform Ia dung méi tét nhit duoc st dung dé chiét xuat
pyocyanin, va twong tu véi két qua dugc cdng bd & cac nghién cau khac [42].
Pyocyanin dugc chiét bang cach st dung chloroform hoa tan pyocyanin trong moi
treong nudi cay. Hn hop chiét con dugc tinh sach bang cot oxit nhdm va st dung
hdn hop dung mdi chloroform : ethanol 1am dung méi rira giai [71]. Mot s6 tac gia
khac da str dung cac phuwong phap khac dé tach pyocyanin nhu st dung két taa véi
nhdm sulphate, sit dung mang loc gel hay dung sic ky trao d6i ion. Hassanein,
Raoof va cong su da sir dung chin loai dung méi khac nhau dé tach pyocyanin két
qua cho thay chloroform cé hiéu suat tach chiét cao nhat trong cac dung méi duoc
sir dung. TAc gia Saosoong di tinh sach pyocyanin tir P. aeruginosa bang céach st
dung cot Amberlite XDA-4, sau d6 c6 pyocyanin bang cot silicagel va cudi cung
diung HPLC dé thu phan doan pyocyanin tinh khiét.

Ché pham dang bot pyocyanin duoc san xuat tir chang P. aeruginosa PS39-
phzMS duoc phan tich cac dic diém hoa, 1y va danh gia chat luong bang céac ky
thuat nhu pho tir ngoai kha kién UV-Vis, sic ky ban mong, khéi phé phan giai cao
va sac ky long hiéu ning cao. Do tinh sach cia pyocyanin trong nghién ctu nay
dugc xac dinh. Pyocyanin duoc chiét tir dich nudi cay c6 gia tri Rf 1a 0,72 trén ban
sac ky 16p mong. Phd UV-Vis cua dich chiét cho thay cac dinh hap thu tir 274 dén
280 nm, ¢ nghia 1a pyocyanin duoc sinh tong hop bai P. aeruginosa PS39-phzMS
¢ dic diém twong dong vai pyocyanin trong cac nghién cau cua Stephen, Abdul-
Hussein va nhitng tac gia khac [112][125][113].

4.3. Piéu Kkién thich hop cho sinh tong hop pyocyanin & chiing tii to hop P.
aeruginosa PS39-phzMS

P. aeruginosa la loai vi khuan c6 nhiéu tiém nang ung dung thuong mai cao.
Pyocyanin duoc tao ra boi loai nay di thé hién cac dic tinh cua hoat dong khang
khuan phé rong, hoat tinh khang nam, tao mau thyc pham, phan huy thudc trir sau, va
nhiéu tng dung khéc, pyocyanin con s¢ hitu mot dic tinh dic biét 1a kiém soét sinh
hoc [126][49][46]. Nho nhiing dac tinh nay, P. aeruginosa tao ra pyocyanin dugc
tng dung trong mét sb linh vuc nhu xtr ly méi truong, cdng nghiép thuc pham va
nong nghi¢p [46].
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Bai vy, cac diéu kién nudi cdy di dwoc téi wu héa dé sinh tong hop
pyocyanin boi P. aeruginosa PS39-phzMS va cac dic diém cua pyocyanin tinh
khiét di duoc nghién ctu. Tai két qua danh gia so bd vé kha ning san sinh
pyocyanin tir cac dong té bao bién nap plasmid téi t6 hop pUCP24-phzMS trén moi
truong tiét pyocyanin GM di chi ra su tiét pyocyanin rat cao sau 7 ngay. Diéu nay
dua ra mot goi ¥ vé viéc lya chon mot méi trudng sinh tong hop pyocyanin thich
hop cho chung téi t6 hop. Nhu dé thay, két qua kiém tra ning suét sinh pyocyanin
trén méi truong GM (1,5% glutamic acid) véi diéu kién toi wu ¢ pH 8, nhiét do
30°C, téc do lac 200 vong/phdt va thai gian nudi ciy trong 120 gio, pyocyanin dat
ham lwong cao nhat 1a 49,57 ug/mL. Sau tbi wu cho thdy hiéu suat sinh pyocyanin
ting dang ké so véi chung P. aeruginosa PS39-phzMS nudi cay trén moi trudng
truyén thdng KingA (31,22 mg/L, Hinh 3.35). Gaber va cong su toi wu héa cac diéu
kién san xuat pyocyanin cua chung P. aeruginosa ching JY21, ho dé xuat ring céac
diéu kién nudi cay téi wu cho JY21 la pH 8, 30°C, twong ty nhu P. aeruginosa
PS39-phzMS. Nhung thoi gian 1én men téi vu thi khac nhau giita 2 ching nghién
ctru, 72 giod 1 thoi gian tét nhat cho P. aeruginosa JY21, trong khi P. aeruginosa
PS39-phzMS can thoi gian 14u hon [85]. Su khac biét c6 thé dugc giai thich bai ban
chat khac biét gitra cac chung sinh pyocyanin ndy. Chdng thudc cing mét loai,
nhung 13 cac dong khac nhau nén cac dic diém sinh truong va thoi gian san xuat
pyocyanin ciing khac nhau. Piéu kién nudi ciy ciing khac nhau giira cac chung P.
aeruginosa c6 kha nang sinh tong hop pyocyanin; vi du, P. aeruginosa dugc nghién
ctru bai Liang et al. phat trién & pH 7 va 30°C véi niang suét tdi da 10 pg/mL [127].
Két qua tuong tu cho thay cac chung P. aeruginosa PA14 san xuét pyocyanin ¢ pH
7 & 30°C [128]. P9 pH tbi wu khac véi P. aeruginosa PS39-phzMS, tuy nhién, nhiét
d6 téi wu tuong ty nhu nghién ciru nay.

Moi trudng GM cai tién, trong d6 peptone duoc thay thé bang glutamic acid
1,5%, cho thay sy khac biét dang ké trong san xuat pyocyanin so véi mdi truong
KingA ban dau. Di liéu da xac nhan mdi quan hé gitra nguon nito va nang suat san
Xuat pyocyanin cua ching PS39-phzMS. DBiéu nay phi hop véi céc nghién ciu thuc
nghiém khac da thay d6i ngudn nito dé cai thién nong do pyocyanin. Peptone duoc
thay thé bang cac ngudn bd sung nito va dinh dudng nhu dau twong, ngd va dau
phong, trong d6 dau tuong co loi thé hon vi nd lam tang ndng d6 pyocyanin cao gap
ba 1an so véi dau phong [46]. Viéc bd sung amino acid vao méi truong nudi cay
nham tang sinh pyocyanin di dugc nhiéu tac gia nghién ciru, trong d6 glutamic acid
la mot trong cac chat c6 anh huong dang ké dé kha nang tang sinh pyocyanin
[115][129]. Viéc lya chon chi amino acid va khoang dé lam méi truong nudi tiét
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pyocyanin gilp cho viéc san xuit sau nay dé dang, giam gia thanh va qua trinh tach
chiét ciing don gian hon [99]. Trong méi trudng KingA, chung PS39 sinh
pyocyanin giao dong trong khoang 13-15 mg/L, tuy nhién khi khao sat trén moi
treong KingA c6 cai tién bd sung glutamic acid thay thé cho peptone cho thiy kha
ning sinh pyocyanin ctia PS39 cao hon. Diy 13 goi ¥ cho viéc thiét 1ap méi trudng
nudi cay véi gia thanh ré hon (glutamic acid ré hon peptone) va hiéu qua cao hon
trong nghién ctru téi wu cac diéu kién sinh tong hop pyocyanin bai ching tai to hop.

Pyocyanin 1a hgp chéat dé& phan ¢ng voi phan tir oxy dan dén mét hoat chat.
Do d6 khi bé tri thi nghiém nay ciing theo di thoi diém dung khi va ngung dung
khi trong qué trinh 18n men dé thu nhan luong pyocyanin tét nhat. Téc do khudy la
yéu t6 can thiét trong qua trinh 1én men d6i véi P. aeruginosa PS39-phzMS, toc do
t6i wu 13 200 vong/phit. Két hop véi cac diéu kién tdi wu khac, chung pyocyanin tao
ra P. aeruginosa PS39-phzMS c6 thé tong hop pyocyanin ¢ 23,96 pg/mL. Lva chon
duogc cac diéu kién nudi cay phu hop: Méi trudng khoang (KingA) va glutamic acid
1,5%, pH 8, nhiét d6 30°C, téc do lac 200 vong/phlt, véi thoi gian 120 gio didu
kien tiéu chuan,

P. aeruginosa PS39-phzMS c6 kha ning sinh pyocyanin cao, hoat chat
pyocyanin ¢ nhiéu wng dung: hoat tinh khang khuan va khang nam. Céc két qua
nghién ctru nay da cung cap thém kién thirc co ban vé phuong phap tao ra mot
luong pyocyanin cao théng qua qua trinh 18n men vi khuan va chiét xuét bang
chloroform véi trién vong ung dung ¢ qui md cdng nghiép dé san xuat duoc
pyocyanin véi sb luong cao va gia thanh hop 1y qua d6 c6 thé tng dung pyocyanin
rong réi trong nhiéu linh vuc.



95

KET LUAN VA KIEN NGHI

KET LUAN
. D4 phan lap duoc 18 chung va sang loc duoc 9 chung vi khuan cé kha ning sinh
pyocyanin trong khoang 6,01+1,2 pg/mL dén 15,02+0,56 pg/mL, trong d6 chon
dugc mot chung PS39 tong hop pyocyanin cao nhat (15,02+0,56 pg/mL) duoc
dinh danh thudc loai P. aeruginosa.
. ba thiét ké thanh cong vector pUCP24-phzMS chira 2 gen phzM (1000 bp,
MF673740) va phzS (1200 bp, MF770713) duoc tach dong tir chang tu nhién
PS39 va duoc giai trinh tu todn bo trén hé théng giai trinh ty thé hé méi véi ma
s6 MZ399165.1. Su hoat dong cua operon lac mang hai gen phzM va phzS trong
vector pUCP24-phzMS di dugc kiém tra trén dong té bao E. coli. Vector
pUCP24-phzMS d3 bién nap thanh cdng vao chang tu nhién PS39 tao ra ching
tai t6 hop P. aeruginosa PS39-phzMS ting cudng tong hop pyocyanin.
. Pyocyanin duoc tach chiét thanh céng tir dich nudi cay bang dung moi
chloroform véi ty 1é thé tich 1 dung méi : 1 dich nui cdy. San pham pyocyanin
tao ra c6 mau xanh dic trung, dic tinh phé UV-Vis tuong ty pyocyanin tinh
khiét, c6 pho khéi lugng twong ¢ng cong thiac phan tir cua pyocyanin
(C13H10N20) va dat d¢ tinh sach 97% (HPLC).
. Pyocyanin tir chung téi t6 hop P. aeruginosa PS39-phzMS c6 kha ning tc ché
va diét vi khuan Vibrio spp. gay bénh trén tém trong khoang 12,5 - 17,5 pg/mL
va 20 - 25 pg/mL, tuy thudc ting ching. Pyocyanin ciing khang cac vi sinh vat
kiém dinh nhu B. cereus ATCC13245, E. faecalis ATCC299212, S. aureus
ATCC25923, E. coli ATCC25922, S. enterica ATCC13076, P. aeruginosa
ATCC27853 ¢ nong do6 uc ché toi thiéu 25 pg/mL va voi C. albicans
ATCC10231 13 6,25 pg/mL.
. Pi xac dinh duoc méi truong GM (pH 8) va cac diéu kién nudi cay phd hop
gom nhiét do6 thich hop 30°C, véi toc do lac 200 vong/phut trong thoi gian 120
gio cho sinh tong hop pyocyanin cia ching tai to hop P. aeruginosa PS39-
phzMS dat nang suat cao nhat 49,57+1,71 pug/mL.

KIEN NGHI
Nghién ctu t6i vu qua trinh 1én men luwong I6n P. aeruginosa PS39-phzMS
nham thu nhan pyocyanin véi s6 luong l16n nham thi nghiém, wng dung trong
thuc té;
Nghién ciru mé rong phd khang khuan caia pyocyanin tap trung vao nhém céc vi
sinh vat gay bénh trén d6i twong ndng nghiép (cay trong) va thay hai san.
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PHU LUC

Phu luc 1. Cac méi trwong sit dung trong xac dinh hoat tinh enzyme ngoai bao
% MOi truong thi hogt tinh protease (g/l)

NB: 89

Casein: 10g

Agar: 179

Nuac: 1 lit

Chinh pH = 7,6 bang NaOH

< Moi truond thur hogat tinh amylase (/1)
NB: 8¢

Tinh bot tan: 29

Agar: 17g

Nudac 1 lit

Chinh pH7,6 bang NaOH

% MOI truronqg thi hoat tinh Gelatinase
NB: 89

Gelatine: 15g

Agar: 17g

Nuac 1 lit

Chinh pH7,6 bang NaOH

< Moi truonq thir hoat tinh Lipase
NB: 89

Agar: 17g
Nudc: 1 lit

Chinh pH = 7,6 bang NaOH. Sau khi khtr trung dé nguoi 50°C rdi bd sung Tween-
80 véi ty 18 1%




Phu luc 2: Pwong chuan PCA

PCA (ug/mL) 20 10 5 2.5 1.25 0.6
OD367nm 0.535 0.284 0.144 0.071 0.036 0.017
25 -
20 -
i Y = 37.32*X- 0.2028
g 151 R2=0.9990
»
< 10+
¢
o
5 -
0+ T T 1
0.0 0.2 0.4 0.6

OD 360nm




Phu luc 3. Danh sach cac chiing vi khuan phan Iap va sang loc kha niing

sinh pyocyanin

Kha nang sinh

STT | Ki hiéu chiing _ Nguén géc
pyocyanin (pg/mL)
1 PS5 0
2 PS8 0
3 PS9 0 Bo suu tap cua phong Coéng
4 PS10 0 nghé sinh hoc tai tao moi
5 PS12 0 truong, cac chung dugc phén
6 PS39 15,02 + 0,56 lap tir cac mau nudéc, bun ao
7 PS40 0 nubi tdm tai cac tinh Quang
8 PS41 0 Ninh, Nam Dinh.
9 PS42 0
10 | PS43 0
11 | PS1 0 . . o
Bun ao tom - Tién Yén, Quang
12 | PS2 11,04 £ 0,79 .
Ninh
13 | PS3 12,06 £ 0,56
14 PS4 6,01+1,2 Nudc nudi ca - Ninh Binh
15 | PS6 10,03 £ 0,7 Xoang tiéu hoa tdbm — Ninh
16 PS7 0 Binh
17 | PS11 11,05 + 0,46 A L
Ruot tdm - Ninh Binh
18 PS17 0
19 PS21 0
20 PS22 0
21 PS23 0
22 | PS25 0 ae s :
Bun day ao nudi cad- Nam Dinh
23 | PS26 0
24 | PS27 0
25 | PS28 0
26 | PS33 9,07 £ 0,89
27 PS35 12,09+ 0,7 Nudc ao nudi ca - Nam Dinh
28 PS44 7,06 + 0,62 Rudt ca - Nam Dinh




PS11—King A

PS1 —King A | PS4 —King A PS6 —King A

Hinh anh mot s6 chung phan 1ap duoc tir mau thu thap tai Quang Ninh va
Ninh Binh



Phu luc 4. Phé giai trinh tw nucleotide ciia gen phzM va phzS tir chiing P.

aeruginosa PS39

>

Pho giai trinh tw nucleotide cua gen phzM:
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Phu luc 5. Trinh tw nucleotide cta gen phzM tir ching P. aeruginosa PS39

1
61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

atgaataatt
aagtcccgtt
atcgacagcg
ctgatgcgcc
aataccccca
ttctacggcg
accccaggcet
gatgcaggcc
cccaggctcc
ttgaccaagg
ggttccctcg
ctggtgggceg
cggatcatcg
gcgatggccg
tcgccgatgt
accaccgagg
gacctgccga

1021 gg//

cgaatcttgc
gcgtctacgt
acgagacgct
tgctggtgge
ccagccacct
aggagttcca
tcgagctggce
ggcgcttcecct
tggatttccg
ccatcctgca
gcgtggcecceg
gcgacatgct
gcgatctgga
gcgacggccg
cggtgctctg
aggtggtcga
tggaaacccg

tgctgcgcegt
cgctacgcgc
ggccgcecgeg
cttcgagatc
gctgagggat
cgccgcecctgg
gttcggcgaa
gctggcgatg
cgggcgtagce
ggccgagccc
cgacaacctc
gcaagaggtg
cgaagccgcc
ggtggcggtyg
ggacgtgcac
cctgctcggg
catgatcgtc

aatttgatac
ctcgggetgg
gtcggttccg
ttccagggcg
gtcgagggcet
acgcccgcect
gacttctaca
aaggcaagca
ttcgtcgacg
agcgcceccggg
tccagcctgt
ccgtccaacg
agcctgaggt
atcgagcgaa
ctgttcatgg
cgcggceggcet
gctgccaggg

aagttgttac
ccgatctgat
atgccgagcg
atacccgcga
ccttccgega
gcgaggcgct
gctacctgaa
acctggcctt
tcggtggcgg
gcgtgatgcet
tggcagggga
gcgatatcta
tgctcggcaa
ccatctcggc
cctgcgcetgg
tcgcggtgga
cctgaatcgg

cggggaatgg
cgagagcggg
catccatcga
cggctacgcc
catggtgctg
actcagcggt
gcgctgcccg
ccatgagatc
ttccggcgaa
cgaccgcgag
gcgcgtcagce
cctgctgtecg
ttgccgcgag
cagcgagccg
ccgccaccgce
gcggatcgtc
aactttcaac



Phu luc 6. Thong tin dang ky trén Ngan hang gen cia gen phzM (dwdi

dinh dang GenBank)

LOCU MF&eT2740 1022 bp Y linear  BCT 04-
JUL-2018
DEFINITION Paeudcmonas aeruginosa strain B539 phenazine specific
methyltransferase (phzM) gene, complete cds.
ACCESSICH MEGT3T40
VERSION MEET3IT40.1
EEYWORDS
SOURCE Pseudcmonas asruginosa
ORGANISM Pseudcocmonas asruginosa
Bacteria; Protecbacteria; Gammaprcoteobacteria;
Pzeudcmonadales;
Faseudomonadaceae; FPseudomonas.
REFERENCE 1 (bases 1 to 1022)
AUTHORS Nguyen,L.T.T., MNguyen,U.H., Nguyen,T.C., Hguyen,T.H. and
Nguyen,V.Q.
TITLE Efficiency of pyccyanin bicsynthesis in a genetic modified
Pseudcmonas aeruginosa P339
JOURNAL  Unpublished
REFERENCE 2 (bases 1 to 1022)
AUTHORS Mguyen,L.T.T., MNguyen,U.H., Nguyen,T.C., Wguyen,T.H. and
Nguyen,V.Q.
TITLE Direct Submission
JOURNAL Submitted (l6-AUG-2017) Institute of Biotechnclogy, 18 Heoang
Quoc
Viet street, Cau Giay District, Ha Neoi 100000, Viet HNam
COMMENT $#assembly-Data-START##
Sequencing Technelocgy :: Sanger didecxy seguencing
##hszenbly-Data-END##
FERTURES Locaticon/Qualifiers
source 1..1022
/crganism="Fseudcmonas asruginosa”
/mol type="gencmic DNA"
{strain="p535"
{isolation source="Pond of fish culture"
{db_xref="taxon:287"
gene 1..1005
{gene="ghzM"
CD3 1..1005

{gene="ghzM"
{codon start=1
/transl table=11

{product="phenazine specific methyltransferase"
/protein id="AWX&H7%6.1"



Phu luc 7. Trinh tw nucleotide cia gen phzS tir chiing P. aeruginosa PS39

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
1081
1141
1201

tcgaacactc
gccggcatcg
acgctgctgg
gcggcggteg
cccacccatg
ggggtggaag
atcctgctcg
gtggagcgca
aagcccctgg
cgcgcgcacc
ggcgtcaccg
cactggtcgc
ctggtgaact
gactggaacc
ggctggtteg
gtcgaccgcg
gcccacctga
gagctggccg
gaagcgcggce
gaatgggccg
ggcagctacc

tagaaaagga
gcggcctcag
aaagcagcag
aggccctecgce
agctgcgcta
ccggcaacgce
ccgcggtgeg
ccgaagagcg
cgctcggtgce
tgcatcccga
agttcgaccg
gcctggtcgce
gggtgtgcat
gcaacggacg
acatccgcga
atccgctgcecce
tgtatccgat
ccgcgctggce
ggccgaccgce
cggcttcgcg
gcaaccaggt

agcacccatg
ttgcgcccectg
cgagatacgc
cgaactgggc
catcgaccag
ctatccgcag
cgagcgtctc
cgacggccgce
cgatgtgctg
ccaggggccg
cttcctcgac
ctatccgatc
ggtgccgagc
cctggaagac
cctgctgacc
gcactggggc
gggcgccaac
gcgcaacgcc
caacaagatc
accgaagacc

ggaacggcca

ggcgaaccca
gccctgcacc
ccccttggeg
ctcggcccgg
agcggcgcca
tactcgatcc
ggccaacagg
gtactgatcg
gtcggcgceceg
ctgtcccacg
ggcaagacca
tcggcgcecgcec
gccgccgteg
gtgttgccgt
cgcaaccagt
cggggacgca
ggcgcttcgce
gacgtggccg
atcctggcecca
gagaagagcg
cgctagcatg

tcgatatcct
aggccggcat
tcggcatcaa
cgctggcggce
cggtatggtc
atcgcggcga
cggttcgcac
gcgcccgcga
acggcatcca
gtgggatcac
tgatcgtcgc
acgcggccga
gccagctcga
tcttcgceccga
tgatcctgca
tcacgctgcet
aggcgatcct
cagccctgcg
accgcgaacg
cggcgctgga
caaaaaa//

cattgccggc
cggcaaggtc
tatccagccg
caccgccatc
cgagccgcgce
actgcagatg
cggtctcggce
cggacacggc
ctcggcggtce
catgtggcgc
caacgacgag
aggcaagtcg
caacgaagcc
ctgggacctg
gtacccgatg
cggcgacgcc
cgacggcatc
cgaatacgaa

ggaaaaagag
agcgatcacc



Phu luc 8. Thong tin dang ky trén Ngan hang gen cia gen phzS (dwéi

LOCTs
JUL-2018
DEFINITION

dinh dang GenBank)

MET770713 1247 bp DMA linear BCT 04-

Pgeudcmonas aeruginosa strain PS3% putative flavin-containing
moncoxygenase (phzS) gene, complete cds.

LCCESSION MF770713
VERSION MFTT70713.1
EEYWORDS .
SOURCE Pseudcmonas aeruginosa
CRGANISM Pseudcocmonas aeruginosa
Bacteria; Protecbacteria; Gammaprotechacteria;
Pzeudcmonadales;
Pseudomonadaceae; Pseudomonas.
REFERENCE 1 (bases 1 to 1247)
LUTHORS Vinh,N.Q., Uyen,N.H., Thuan,N.C. and Leoi,N.T.T.
TITLE Efficiency of pyocyanimn bicsynthesis in a genetic modified
Pseudcmonas aeruginosa PS3%
JOURNAL Unpubliszshed
REFEREHNCE 2 (bases 1 to 1247)
AUTHORS Vinh,N.Q., Uyen,N.H., Thuan,N.C. and Lei,N.T.T.
TITLE Direct Submission
JOURNAL Submitted (23-AU0G-2017) Institute of Biotechneclogy, 18 Heang
Quoc
Viet street, Cau Giay Distriet, Ha Nei 100000, Viet Nam
FELTURES Locaticon/Qualifiers
source 1..1247
{organism="Pseudomonas asruginosa"
fmol type="gencmic DNA"
/strain="P535%"
fisalatian_sour:e="Ponc of fish culture"
fdb_xref="taxon:Z87"
{country="Viet Nam"
gene 28..123¢
{gene="phz3"
CDs 28..123¢

{gene="phzs"

/codon_start=1

/transl table=11
-1

{product="putative flavin-containing monooxygenase"
/protein id="AWK&HE3D.1"



Phu luc 9. Thong sé giai trinh tw Miseq

Plasmid tai t6 hop sau khi tach chiét dugce tao thu vién s dung bd kit‘Nextera XT
DNA Library Prep Kit (Illumina, USA). Thu vién dugc giai trinh tu hai chiéu (150 X 2)
trén hé thong Miseq (Thong s6 mé chay nhu bang bén dudi). Dir liéu thoé dugc phan tich

bang phan mém BWA (Li, Durbin, 2009) va IGV (Robinson et al., 2011).

Cycle Status

Extracted | 311 | Called | 311 | Scored | 311 | Error Rated |0

Run Summary

Level Yield Total (G) | Projected Total Yield (G) | Aligned (%) | Error Rate (%)
Read 1 0.10 0.10 0.00 NaN
Read 2 0.01 0.01 0.00 NaN
Read 3 0.10 0.10 0.00 NaN
Non-Indexed Total |0.20 0.20 0.00 NaN
Total 0.21 0.21 0.00 NaN
Read 1
Clu
. ster Clu Cyc
Dens | Clus Legacy Phasin | Preph Cou ster | % les | Ali
La |Til | ity | ters |Phasing/Pre g asing Cou | >= | Yiel g
: nt Err | ned
ne | es | (Kim | PF phasing slope/ | slope/o Ra nt | Q3 | d(G) Rat | (%)
m2) | (%) rate offset ffset W PF 0 ed
M
M) (M)
96.2 0.00
501 + 0.071 / |NaN / |NaN / 96.
1 |2 7 % 0.70 | 0.68 010 |0 +
0 230 0.078 NaN NaN 54 0.00
Read 2
Clu
. ster Clu Cyc
Dens | Clus Legacy Phasin | Preph Cou ster | % les | Ali
La |Til | ity | ters |Phasing/Pre g asing Cou | >= | Yiel g
: nt Err | ned
ne ' es | (K/m | PF phasing slope/ |slope/o Ra nt | Q3 | d(G) Rat | (%)
m2) | (%) rate offset ffset W PF 0 ed °
M
M) (M)
96.2 NaN
1|2 0=y, 0000 fRen SN T oo [oes |95 001 o0 |+
2.30 ’ NaN

Intensity Cycle 1

191
952
195
193

446

Er
ror
Ra
te

(%

Na
N £
Na

Er
ror
Ra
te

(%

Na
N+

N

Er
ror
Ra
te
35
cyc

(%

Na
N+
Na

Er

ror
Ra
te

cyc
le
(%

Na
N+
Na
N

Er
ror
Ra
te

75
cyc

%

Na
N £
Na

Er
ror
Ra
te
75
cyc
le
(%

Na
N+
Na
N

% >=

96.54
98.97
96.03
96.29
96.36

Er
ror
Ra

100
cyc

(%

Na
N £
Na

Er
ror
Ra
te
100
cyc
le
(%

Na
N+
Na
N

Q30

Inten
sity

Cycl
el

191 +

Inten
sity
Cycl

952 +
18



Read 3

Er | Er | Er
Clu ror | ror | ror
Clu Er
Dens | Clus Legacy Phasin | Preph ster ster | % Cye .| ror Ra | Ra | Ra Inten
. . b - Cou _ . les | Alig te | te | te -
La |Til | ity ters | Phasing/Pre g asing Cou | >= | Yiel Ra sity
: nt Err | ned 35 | 75 100
ne ' es | (K/m | PF phasing slope/ | slope/o Ra nt | Q3 | d(G) Rat | (%) te eve | eve |ove Cycl
m2) | (%) rate offset | ffset PF | 0 °) (9 |OYC | YC OYC gy
w M) ed ) le le le
(M) (% | (% | (%
) 1))
L o (s01x %% o195/ NaN /[NaN /[ oo oee 196 o0 g |9 Ne [NE |NE N2 105
0 230 0.130 NaN NaN : : 03 | ™ 0.00 Na [Na |Na |Na |5
' ' N N N N
Chat lwgng mé chay
000000000-DYFKT All Lanes
90f >=Q30
202.4M

~ ®
=] =]

@
S

Total (million)

n w
(=] (=)

=)

o
=]

IS
=]

96.3%

20

Q Score

40




Phu luc 10. Trinh tw Plasmid pUCP24-phzMS

LOCUS MZ399165 6266 bp DNA circular SYN 12-
OCT-2022
DEFINITION Shuttle vector pUCP24-phzMS, complete sequence.
ACCESSION MZ399165
VERSION MzZ399165.1
KEYWORDS .
SOURCE Shuttle vector pUCP24-phzMS
ORGANISM Shuttle vector pUCP24-phzMS
other sequences; artificial sequences; vectors.
REFERENCE 1 (bases 1 to 6266)
AUTHORS West SE, Schweizer HP, Dall C, Sample AK and Runyen-Janecky
LJ.
TITLE Construction of improved Escherichia-Pseudomonas shuttle
vectors
derived from pUC18/19 and sequence of the region required for
their
replication in Pseudomonas aeruginosa
JOURNAL Gene 148 (1), 81-86 (1994)
PUBMED 7926843
REFERENCE 2 (bases 1 to 6266)
AUTHORS Vinh,N.Q., Loi,N.T.T., Uyen,N.H., Thuan,N.C. and Trang,N.H.
TITLE The recombinant plasmid pUCP24-phzMS in boosting production
of
pyocyanin in Pseudomonas aeruginosa PS39-phzMS strain
JOURNAL Unpublished
REFERENCE 3 (bases 1 to 6266)
AUTHORS Vinh,N.Q., Loi,N.T.T., Uyen,N.H., Thuan,N.C. and Trang,N.H.
TITLE Direct Submission
JOURNAL Submitted (13-JUN-2021) Vast Culture Collection of
Microorganisms,
Institute of Biotechnology, Vietnam Academy of Science and
Technology, 18 Hoang Quoc Viet Street, Hanoi, Cau Giay 10000,
Vietnam
FEATURES Location/Qualifiers
source 1..6266
/organism="Shuttle vector pUCP24-phzMS"
/mol type="other DNA"
/db xref="taxon:2983419"
gene complement (1436..2644)
/gene="phzS"
CDS complement (1436..2644)
/gene="phz3"
/codon_start=1
/transl table=11
/product="putative flavin-containing monooxygenase"
/protein id="UXX42323.1"
1 cctctcaggce gccgctggtg ccgctggttg gacgccaagg gtgaatccgc ctcgataccc
61 tgattactcg cttcctgcgc cctctcagge ggcgataggg gactggtaaa acggggattg
121 cccagacgcc tcccccecgecce cttcaggggce acaaatgcgg ccccaacggg gccacgtagt
181 ggtgcgtttt ttgcgtttcc acccttttct tccttttcce ttttaaacct tttaggacgt
241 ctacaggcca cgtaatccgt ggcctgtaga gtttaaaaag ggacggattt gttgccatta
301 agggacggat ttgttgttaa gaagggacgg atttgttgtt gtaaagggac ggatttgttg
361 tattgtggga cgcagataca gtgtcccctt atacacaagg aatgtcgaac gtggcctcac
421 ccccaatggt ttacaaaagc aatgccctgg tcgaggccgce gtatcgcctce agtgttcagg
481 aacagcggat cgttctggcc tgtattagcc aggtgaagag gagcgagcct gtcaccgatg
541 aagtgatgta ttcagtgacg gcggaggaca tagcgacgat ggcgggtgtc cctatcgaat
601 cttcctacaa ccagctcaaa gaagcggccc tgcgcctgaa acggcgggaa gtccggttaa
661 cccaagagcc caatggcaag gggaaaagac cgagtgtgat gattaccggc tgggtgcaaa


https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2983419
https://www.ncbi.nlm.nih.gov/pubmed/7926843
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2983419
https://www.ncbi.nlm.nih.gov/nuccore/MZ399165.1?from=1436&to=2644
https://www.ncbi.nlm.nih.gov/nuccore/MZ399165.1?from=1436&to=2644
https://www.ncbi.nlm.nih.gov/Taxonomy/Utils/wprintgc.cgi?mode=c#SG11
https://www.ncbi.nlm.nih.gov/protein/2314663602

721

781

841

901

961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441

caatcatcta
cgtacctgac
tggacagcac
agcgcgaaat
cgatcaagga
gcccgctaca
tcagttttgg
ccgggaagat
cggcccgcgce
ggcccggcect
cgctattacg
cagggttttc
gtggccgttc
cggtcttcgg
tgatcttgtt
cggcgttgcg
cgttggcgcece
ggccccagtg
gggtcagcag
cgtcttccag
cgctcggcac
agatcggata
cgtcgaggaa
gcggcccectg
ccagcacatc
cgcggccgtce
cgagacgctc
actgcggata
tctggtcgat
ggcccagttc
ggcgtatctc
ccagggcgca
ccatgggtgc
agcgacgatc
gcgcccgagce
caggtgcacg
gatcaccacc
gctggcggcet
cggcacctct
ggagaggttg
gctgggcteg
gaagctacgc
cttcatcgcece
gtcttcgecg
cgtccaggcg
gacatccctc
gaagatctcg
gaccgcggcg
gaggcgcgta
attacgcgca
gtcatagctg
cggaagcata
gttgcgctca
cggccaacgce
tgactcgctg
aatacggtta
gcaaaaggcc
ccctgacgag
ataaagatac
gccgcttacc
ctcacgctgt
cgaacccccce
cccggtaaga

ccgggagggt
ggaactcacc

ccacgcgatc
agaaattgac
cttcaagttg
ggtggagtgg
accgaagaag
ttcagatgct
tcgactaacc
gcctttcagg
ccagctggcg
ccagtcacga
cacctggttg
tcgcgaagcc
ggcggtcggce
cgccagcgcg
catcggatac
cggcagcgga
gtcgcggatg
gcgtcecgttg
catgcacacc
ggcgaccagg
gcggtcgaac
gtcgggatgce
ggcaccgagc
gcgctcttcg
gcgcaccgcg
ggcgttgccg
gtagcgcagc
ggcgagggcece
gctgctgcett
actgaggccg
ttccttttet
atgcgggttt
aggtcgacca
tcccagagcea
acccggceccgt
tcgtccagat
tgcagcatgt
tcgcgggcecca
gcctgcagga
ccgcggaaat
agcaggaagc
aacgccagct
gcgtggaact
agcaggtggc
aaggccacca
gccagcgtcect
gcgacgtaga
gcagcaagat
tttcectgtgt
aagtgtaaag
ctgcccgcett
gcggggagag
cgctcggtcecg
tccacagaat
aggaaccgta
catcacaaaa
caggcgtttc
ggatacctgt
aggtatctca
gttcagcccg
cacgacttat

gagggccgtyg
aaacagttca
aggctttacg
cagctgcgaa
cgagtgcttg
gcgcagcgaa
cccgccaagg
gagatcgcga
cagatgccgc
ctgcgcaact
aaagggggat
cgttgtaaaa
cggtagctgc
gcggcccatt
cgccgcgcett
gcggccagct
atcaggtggg
tcgcggtcga
tcgaaccagc
cggttccagt
cagttcacca
cgcgaccagt
tcggtgacgce
aggtgcgcgce
gccaggggcet
gtgcgctcca
gcgagcagga
gcttccaccc
tcatgggtgg
tcgaccgccg
tccagcagcg
ccgatgccgg
agaggatccc
ccatcggcag
cctcecteggt
ccgacatcgg
cgccggccat
cgccgatgat
cgccgcccac
cgccgaggga
tggccttggt
ccaggagcct
gccggcecctge
cgaagcctgg
cctcgcegta
tggtgggggt
gcaggcgcat
cgtcgctgtce
cgcaacggga
tcgaattatt
gaaattgtta
cctggggtgce
tccagtcggg
gcggtttgeg
ttcggctgeg
caggggataa
aaaaggccgce
atcgacgctc
cccctggaag
ccgcctttet
gttcggtgta
accgctgcgce
cgccactggce

tagaactcag
ccaaatacgc
agctgctcat
agtggtttca
atccagccgt
agaccgggcg
cggtgggtaa
aacaggctcg
tggatctggc
gttgggaagg
gtgctgcaag
cgacggccag
cggtgatcgc
cctcecttttte
cttcgtattc
cgatgccgtc
cggcgtcgcec
ccatcgggta
ccaggtccca
cggcttegtt
gcgacttgcc
gctcgtcgtt
cgcgccacat
ggaccgccga
tgccgtgtcec
cgccgagacce
tcatctgcag
cgcgceggcetce
ggatggcggt
ccggctggat
tgaccttgcc
cgccggcaat
cccgttgaaa
gtcgacgatc
ggtgcggtgg
cgacggctcg
cgcctcgcgg
ccgcgacagce
caggctgacg
accctcgcgg
caattcgccg
ggggatctca
atccgggcag
ggtaccgctg
gaacagcacc
attggcgtag
cagtcgatgg
gatcccgcetce
cttccattcc
catgggtacc
tccgctcaca
ctaatgagtg
aaacctgtcg
tattgggcgce
gcgagcggta
cgcaggaaag
gttgctggcg
aagtcagagg
ctccectegtg
cccttcecggga
ggtcgttcgce
cttatccggt
agcagccact

gttcaccaaa
cttggctgac
gcaatgggac
actggaaggc
gacgcagatc
caaggtcaca
ggccccagceg
ccctggtgag
ctagaggccg
gcgatcggtg
gcgattaagt
tgccaagctt
ttccagcgcece
ccgttcgcgg
gcgcagggct
gaggatcgcc
gagcagcgtg
ctgcaggatc
gtcggcgaag
gtcgagctgg
ttcggccgcg
ggcgacgatc
ggtgatccca
gtggatgccg
gtcgcgggceg
ggtgcgaacc
ttcgccgega
ggaccatacc
ggccgccagce
attgatgccg
gatgccggcec
gaggatatcg
gttccgattc
cgctccaccg
cggccagcgce
ctggccgaga
caattgccga
aggtagatat
cgctccectg
tcgagcatca
gaaccgccac
tggaaggcca
cgcttcaggt
agtagcgcct
atgtcgcgga
ccgtcgeggg
atgcgctcgg
tcgatcagat
ccggtaacaa
gagctcgaat
attccacaca
agctaactca
tgccagctgce
tcttcecgett
tcagctcact
aacatgtgag
tttttccata
tggcgaaacc
cgctctectg
agcgtggcgce
tccaagctgg
aactatcgtc
ggtaacagga

gacatgctgc
gtggccaaga
agcatcggcc
cggtatccct
aacgagcaca
catctgttgt
aagcgcaagg
acatgggaag
tggccaccac
cgggcctcett
tgggtaacgc
gcatgctagc
gcgctcecttcect
ttggccagga
gcggccacgt
tgcgaagcgc
atgcgtcccce
aactggttgce
aacggcaaca
ccgacggcgg
tggcgcgccg
atggtcttgc
ccgtgggaca
tcggcgceccga
ccgatcagta
gcctgttggce
tggatcgagt
gtggcgccgce
gccgggcecga
acgccaaggg
tggtgcaggg
atgggttcgce
aggccctggce
cgaagccgcce
aggccatgaa
tggttcgctc
gcaacctcag
cgccgttgga
ccaacaggct
cgccccgggce
cgacgtcgac
ggttgcttgce
agctgtagaa
cgcaggcggg
aggagccctc
tatcgccctg
catcggaacc
cggccagccce
cttgtatcaa
tcgtaatcat
acatacgagc
cattaattgc
attaatgaat
cctcgctcac
caaaggcggt
caaaaggcca
ggctccgcecce
cgacaggact
ttccgaccct
tttctcatag
gctgtgtgca
ttgagtccaa
ttagcagagc



4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
5161
5221
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821
5881
5941
6001
6061
6121
6181
6241

gaggtatgta
aagaacagta
tagctcttga
gcagattacg
tgacgctcag
gatcttcacc
tgagtaaact
ctgtctattt
ggagggctta
tccagattta
aactttatcc
gccagttaat
gtcgtttggt
ccccatgttg
gttggccgca
gccatccgta
tttaccgaac
ggtacttggg
agccactgcg
gttggcctca
gccggagact
aacgtaagcc
tgtcttacta
ggctacgtct
gtcagggccg
agggcgactg
acatcaaaca
gtacaaaaaa
gttcggtcaa
gaaccgaaca

Chu thich:

Atgcatgc:
Atgcatgc:

tri

tri

bd sung)

Atgcatgc:
Atgcatgc:
Atgcatgc:
Atgcatgc:
Atgcatgc:

Atgcatgc:

tri
tri
tri
tri
tri

tri

ggcggtgcta
tttggtatct
tccggcaaac
cgcagaaaaa
tggaacgaaa
tagatccttt
tggtctgaca
cgttcatcca
ccatctggcc
tcagcaataa
gcctccatcce
agtttgcgca
atggcttcat
tgcaaaaaag
gtgttatcac
agatgctttt
aactccgcgg
tcgatatcaa
ggatcgtcac
tgcttgagga
gcgagatcat
gcgagagcgc
cggagcaagt
ccgaactcac
agcctacatg
ccctgctgecg
tcgacccacg
acagtcataa
ggttctggac
ggcttatgtc

cagagttctt
gcgctctgcet
aaaccaccgc
aaggatctca
actcacgtta
taaattaaaa
gttaccaatg
tagttgcctg
ccagtgctgce
accagccagc
agtctattaa
acgttgttgce
tcagctccgg
cggttagcectc
tcatggttat
ctgtgactgg
ccgggaagcc
agtgcatcac
cgtaatctgc
gattgatgag
agatatagat
caacaaccgc
tcccgaggta
gaccgaaaag
tgcgaatgat
taacatcgtt
gcgtaacgcg
caagccatga
cagttgcgtg
aattcg//

gaagtggtgg
gaagccagtt
tggtagcggt
agaagatcct
agggattttg
atgaagtttt
cttaatcagt
actccccgtce
aatgataccg
cggaagggcce
ttgttgccgg
cattgctaca
ttcccaacga
cttcggtcct
ggcagcactg
tgagtcgaat
gatctcggct
ttcttceegt
ttgcacgtag
cgcggtggcea
ctcactacgc
ttcttggtcg
atcggagtcc
atcaagagca
gcccatactt
gctgctgcgt
cttgctgcett
aaaccgccac
agcgcatacg

cctaactacg
accttcggaa
ggtttttttg
ttgatctttt
gtcatgagat
aaatcaatct
gaggcaccta
gtgtagataa
cgagacccac
gagcgcagaa
gaagctagag
ggcatcgtgg
tcaaggcgag
ccgatcgttg
cataattctc
tggccgegge
tgaacgaatt
atgcccaact
atcacataag
atgccctgcece
ggctgctcaa
aaggcagcaa
ggctgatgtt
gcccgecatgg
gagccaccta
aacatcgttg
ggatgcccga
tgcgccgtta
ctacttgcat

gctacactag
aaagagttgg
tttgcaagca
ctacggggtc
tatcaaaaag
aaagtatata
tctcagcgat
ctacgatacg
gctcaccggc
gtggtcctgc
taagtagttc
tgtcacgctc
ttacatgatc
tcagaagtaa
ttactgtcat
gttgtgacaa
gttaggtggc
ttgtatagag
caccaagcgc
tccggtgcetce
acttgggcag
gcgcgatgaa
gggagtaggt
atttgacttg
actttgtttt
ctgctccata
ggcatagact
ccaccgctgce
tacagtttac

gén ribosome va vi tri gen pROl16l4rep (411-1244)

gén ribosome va vi tri gen pUCGM aacCl

mdéi xudi M13 pUC (1390-1412)

mdi nguoc M13 pUC (3734-3756, mach bd sung)

Lac-promotor (3770-3799, mach bd sung)

gén ribosome Lac (3732-3736, mach bd sung)

gen phzM (2672-3693, mach bd sung)

gén ribosome gen phzS

(5511-6044,

(1436-2644, mach bd sung)

mach



Phu luc 11. Két qua phan tich pyocyanin bang HPLC

_ VIEN HOA SINH BIEN X CONG HOA XA HOI CHU NGHIA VIET NAM
TRUNG TAM TIEN TIEN VE HOA SINH HU'U CO Djc lip — Ty do — Hanh phiic

Dia chi: Toa nha B1. 18 Hoang Qudc Vigt, Ciu Gidy, Hi Noi
Dién thogi: 024.32121509 Fax: 024.37917054

86: 18.177/K S
Q " " ; ~‘\§_-//
KET QUA THU NGHIEM  JRE=NEA
M so6 mau: 181119-177 Ol )
VILAS 1013
Tén khach hang: Nguyén Thi Thanh Lgi
Dia chi: Vién Cong nghé Sinh hoc
Tén mau: PYO dich chiét tir Pseudomonas aeruginosa PS39-phz
S6 lwgng méu: 01
S6 16: S6 DK/CNTC:
Tinh trang miu: Mau dang long, dung trong eppendorf kin.
Ngay nhan mau: 19/11/2018 Ngay tra két qua: 05/12/2018
Két qua thir nghiém:
STT Chi tiéu thir nghiém Phuwong phap thir nghiém | Don vi Két qua
= Miu l6ng, mau
1 Dénh gid cam quan ACBC-GM-D.07 xanh dong
% e 278,97

2 Pyocyanin Noi bd (HPLC) pg/mL (Gl trang)

Ghi chi:

Két qua ghi trén phi€u nay chi ¢6 gia tri ddi vai mau da ghi phan tich, tén mau va tén khach hang dwoc ghi theo
véu cdu ctia khach hang.

Khi sao chép phai dim bao todn ven ndi dung phiéu két qua thir ns'hlgm nay. céc trich din mét phén khang cé
gia trj néu khéng co sy dong ¥ bang van ban cua Trung tim tién tién vé Hoa sinh hitu co.

(*): Chi tiéu khong duge VILAS cong nhan (ISO/IEC 17025:2005).

(a): Chi tiéu gui nha thiu phu. KPH: Khéllé phét hi¢n, LOD: Gigi han phét hién.

Thaoi gian lwvu mau: 5 ngay Ké tir ngdy trd két qua.

Trung tam khong tiép nhin cac trudmg hop khiéu nai khi khong c6 mau luu.

Ha Néi, ngay 09 thang AR nim 2018

PHU TRACH KI THUAT

Nguyén Hai Ding

F-02-5.10 Lén ban hanh: 01,02 Hiéu lue tir: 01/07/2016



VIEN HOA SINH BIEN CONG HOA XA HOI CHU NGHIA VIET NAM
TRUNG TAM TIEN TIEN VE HOA SINH HUU CO Dic lip — Tu do — Hanh phiic

Dia chi: Toa nha B1. 18 Hodng Quéc Viét, Ciu Gidy. Ha Noi
Dién thoai: 024.32121509 Fax: 024.37917054

S6: 18.176/KQ ‘ : - s‘\\_//
KET QUA THU NGHIEM  JRCSMRA
e
" N
Mii s6 mau: 181119-176 Yt
VILAS 1013
Tén khach hang: Nguyén Thi Thanh Loi
Dia chi: Vién Cong nghé¢ Sinh hoc
Tén miu: PYO mau tir Pseudomonas aeruginosa PS39-phz
S6 lugng mau: 01
56 16: S6 DK/CNTC:
Tinh trang mau: Mau dang bot, dung trong eppendorf kin.
Ngay nhian mau: 19/11/2018 Ngay tra két qua: 05/12/2018
Két qua thir nghigm:
STT Chi tiéu thir nghiém Phwong phap thir nghiém | Pon vi Két qua
1 Dénh gid cam quan ACBC-GM-D.07 Méu bot, miu
xanh den
951,27
mg/g e
2 Pyocyanin” Noi b6 (HPLC) (“B“g;'“l‘;*“g)
0, ’
% (nguyén trang)

Ghi chii:

Két qua ghi trén phiéu nay chi ¢6 gié trj d6i véi mau dé giri phan tich, tén mau va tén khach hang duoe ghi theo
yéu cau cua khich hang.
Khi sao chép phai dam béo todn ven ngi dung phiéu két qua thir nghiém nay, céc trich din mot phan khong cé
gié trj néu khong ¢6 sy ddng ¥ bing vin ban ctia Trung tam tién tién vé Hoa sinh hiru co.
(*): Chi tiéu khong duge VILAS cong nhdn (ISO/IEC 17025:2005).
(a): Chi tiéu giri nha thau phu, KPH: Khéng phét hign. LOD: Gi6i han phat hién.
Théi gian luu mau: 5 ngay ké tr ngay tra két qua.
Trung tam khéng tiép nhan céc truong hop khiéu nai khi khong ¢6 mau luu.

Ha Noi, ngay (N thing 4. néim 2018

PHU TRACH Ki THUAT

Nguyén Hii Ding

F-02-5.10 Lén ban hanh: 01.02 Higu lye tir: 01/07/2016



VIEN HAN LAM CONG HOA XA HQI CHU NGHIA VIET NAM
KHOA HOC VA CONG NGHE VN Déc ldp - Tw do - Hanh phic
VIEN HOA SINH BIEN

BAO CAO KET QUA PHAN TiCH HPLC

Ngwdi giri mAu: Nguyén Thi Thanh Lei
Pon vi: Vién Cong nghé sinh hoc
SPT: 0868 796 499 Email: thithanhloi.nguyen@gmail.com

Tén méu/sé lwgng miu: 02

STT Tén miu Mi héa miu | Tinh trang mau
PYO mau tir Pseudomonas Mau dang bt mau |
1 181119-176
aeruginosa PS39-phz xanh den
PYO dich chiét tir Pseudomonas Mau dang l6ng,
2 181119-177
aeruginosa PS39-phz mau xanh duong

Yéu chu phén tich: Dinh lugng Pyocyanin trong mAu thir nghiém.

Chét tham chiéu P§ sach theo HPLC (%)
Pyocyanin 97

1. Héa chét, thiét bi

- Dung mdi hoa chit: Methanol va nuéc cét loai diing cho phén tich va chay HPLC
(Fisher Scientific, USA).

- Pém TFA, Merck, Germany.

- May LC-MS: Agilent 1260 Series Single Quadrupole LC/MS Systems, CA, USA.

- Cot sic ky: Cot VertiSep GES Cyg (150 x 4.6 mm, 5pm) va cgt bao v¢ GES Cg cua
héng Vertical.

- B& rung siéu 4m, model: Elmasonic $100 H, Germany.

- Micropipet loai 200, 1000 pL, Eppendorf, Germany.

- Xylanh nhya 5 mL.




- Mang loc 0,45 pm cho kim bom mAu ding dé loc mAu truée khi bom vao hé théng.
2. Thiét Iap cac thong sb cho hé théng HPLC
- Pha dong sir dung hé dung méi kénh A H,0 (0,05% TFA) — kénh B MeOH dugc
thiét 14p gradient bién thién tir ti 18 90/10 dén ti 1¢ 0/100 trong 40 phut.
- Tbe d dong: 0,5 mL/phut
- Lugng bom mau: SuL.
- Thoi gian phén tich: 25 phut.
- Nhiét do cot: 25°C
3. Chuén bj miu, thiét 1ip dwdng chuin dinh lrgng
a. Chudn bj mdu
- Chuén bj chét tham chiéu: mAu chit tham chiéu dugc pha trong dung méi thanh ndng
6 2 mg/mL, sau d6 tién hanh pha loding thanh day cdc ndng do khéc nhau dé thiét 14p
dudng chuén dinh lrgng,
- Chuén bj mAu thir nghiém: miu duge tron déu, can ldy khdi lugng x4c dinh rdi pha
trong dung méi MeOH thu duge dung dich mau c6 ndng do chinh x4c.
- Céc dung dich chét tham chiéu va mAu phén tich déu duge loc qua mang loc 0,45um
truée khi bom vao hé théng HPLC.
b. Thiét lgp duong chudn dinh lwong
- Dinh lugng Pyocyanin:

+ Bude séng lya chon: 280 nm

+ Trén hé théng LC, pic tin hi¢u dugc lya chon cua Pyocyanin dugc phat hién
mot cach n dinh tai thoi gian hwu Rt 12,0 — 12,1 min dbi v6i cde mau chit tham chiéu
diing trong thang dinh lugng. Pudng chuin dugc tinh toan xay dung bing phin mém
Chemstation dya trén dién tich pic UV 280 nm tai thoi gian luu Rt 12,0 — 12,1 min.



4. Két qué
a. Phan tich cdc tin hié¢u trén hé théng LC

~aU A
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Hinh 1: Sdc ky db UV 280nm ctia chét tham chiéu Pyocyanin (A) va mAu thir nghiém
181119-176 (B) va miu thir nghiém 181119-177 (C).

b. Dung duong chudn dinh leong

Pudng chuén dinh lugng c6 dang y = ax + b dugc xdy dung dya trén mbi quan hé
gitra dién tich pic UV dugc chon (y) va ndng d§ twong (g cta chit tham chiéu (x).
Duong chuén dinh lugng thu duge dat do tuyén tinh cao voi hé sé twong quan R? >
0,999 déi v6i phuong phép dinh lugng bing DAD.

Chét tham chiéu Phwong trinh dwdng chuén | Hé sé twong quan
Pyocyanin Y =91,18466x — 100,63768 0,99993

/4

-
L

L\ = =




c. Két qua dinh heong

aeruginosa PS39-phz

Tén méu M3 héa mau | Ham lwgng Pyocyanin
PYO mau tir Pseudomonas 951,27 (mg/g)
181119-176
aeruginosa PS39-phz 95,13 (%)
PYO dijch chiét tir Pseudomonas
181119-177 278,97 (ug/mL)

Xac nhén ciia Co quan

71 VIEN TRUONG
ovid ToNG HgP

E2

Ha Noi, ngay ¢ thang /7 nim 2018
GD Trung tim Nguwdi bao cio

r

Pham Viin Cwing Nguyén Duy Khanh

(4

\\.
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Hinh 1: Phd UV cta Pyocyanin

Ares Pyocyanin at exp. RT: 12,019
ol 5 | oab1 2, sig=289,4 Ref=ofé
o Correlation: 0.93993
14000+ Residual Std. Dev.: §6,51872
12000 Formula: y = ox + b
10000 5 = 91,1948%
8000 - B ~100.83768
000 4 X1 Amouns
4000 y: Area
2000-:,23

0 | R T

( 0 200

Hinh 2: Puong chuén dinh lugng chit tham chiéu Pyocyanin

Béng 1: Dai ndng d6 dinh luong ciia chit tham chiéu Pyocyanin

Level 1 2 3 4 5 6

Clugml) | 5 10 20 50 100 | 200




Phu luc 12. Két qua thir nghiém hoat tinh khang khuan

VIEN HOA SINH BIEN
Phong: Cong nghé sinh hoc

KET QUA THU HOAT TINH
Ngay thuc hién: TS. Vi Thj Quyén

Gram + Gram - Nim men | Ghi cha
Tﬁ" Enterococcus | Staphylococ | Baeitlus | Escherichia | Pseudomonas | Salmonella Candida
mau Jfaecalis | cus aureus | cereus R enterica albicans
ATCC299212 | ATCC25923 | ATCCI3245 | ATCC25922 | ATCC27853 | ATCCI307%6 | ATCCI0231
MIC ( ug/ml)
PYO 25 25 25 25 - 6,25
ug/ml)
PYO 12,77 12,57 | 12,67 12,33 13,03 - 3,69
D 1ap lai 3 1an
MIC /
Chiing VPKG VPTS VPCM ;
PYO 12,5 12,5 12,5 \~
50 N
PYO 6,29 6,27 6,67
Khang Steptomycin | > e AN . = =
Sinh S— 7 i3 7 ” 336 756 :
Kanamycin e ! ® 128 “ i
Nistatin : B : - :
Cyclohexamide =

Céc ching vi sinh vt kiém dinh chudn quéc té ATCC: 3 ching vi khuan Gram — (Escherichia coli

ATCC25922, Pseudomonas aeruginosa ATCC27853, Salmonella. enterica ATCC12228), 3 ching Gram +
(Enterococcuc. faecalis ATCC13124, Stapphylococus aureus ATCC25923, Bacillus cereus ATCC 13245), 1
ching Ném men Candida albicans ATCC10231 dugce cung cép bai vién Kiém nghiém vé sinh an toan thuc

phdm quéc gia.




Phuong phdp thir hoat tinh khdng vi sinh vat kiém dinh

Hoat tinh khang vi sinh vét kiém dinh dugc thue hién dua trén phuong phap pha
loding da ndng do cua (Hadacek F, Greger H., 2000). Py la phuong phap thir hoat tinh
khéang VSVKD va ndm nhidm danh gia mirc do khang khudn manh yéu cta cac mau thir
théng qua cac gia tri thé hién hoat tinh 1a MIC (ndng do tre ché t6i thiéu). Mau ban dau
duge pha loang trong DMSO & dai ndng do giam dan: 50pug/ml, 25ug/ml, 12,5ug/ml,
6,25ug/ml, 3,125ug/ml, 1,625ug/ml, 0,8125ug/ml va 0,40625 ug/ml véi sb thi nghiém
lap lai N=3.

Chuén bi dung dich vi khuén hodc ndm voi néng do 2x 10*CFU/ml

Tién hanh thir: 14y 5,12 pl dung dich méu thir ¢c6 nong dé 10mg/ml vao hang dau
tién co chira 100p! méi truong LB rdi pha lodng néi tiép giam % ndng dd vao cac hang cd
chira 50ul cho dén khi dat dugc ndng do 1a 2 pg/ml, thém 50 ul dung dich vi khuan va
ndm & ndng @ 2x 10" CFU/ml, 4 & 37°C. Sau 24h, xéc dinh so bd gia tri MIC biing quan
sat. Gia trj MIC dugc x4c dinh tai giéng c6 ndng do chit thir thép nhit giy e ché hoan

toan sy phat trién cua vi sinh vét sau 24 gio nudi cdy va duge xac dinh chinh xac dua trén
s6 lidu do do duc té bao bing may quang phd Bioteck va phﬁn mém Raw data. Chit dbi N
ching la khang sinh Streptomycin va Kanamycin cho cac ching vi khudn. Nistatin va ; Blgﬂ :
cyclohexamide cho nam.

Ha Néi, ngay )f thang 10 nim X8/,

Xdc nhan caa Vlet?dNG Nguwdi thwe hién
TI. VYF'N T
;SN UONG PHONG QU \H L TONG HGP

@NG QuANLY TONG HOP W

o

TS. Vii Thi Quyén



Phu luc 13. Hinh anh kha nang khang khang sinh caa chiing P.

aeruginosa PS39

Kha ning khang khang sinh gentamycin cta ching tai to hop P. aeruginosa
PS39-phzMS (trai); chung P. aeruginosa PS39 c6 vong tc ché (phai)

Phu luc 14. Bang s liéu va hinh anh céc diéu kién anh hwong dén qua

trinh sinh téng hop pyocyanin béi chiing tai té hep P. aeruginosa PS39-

phzMS
1. Anh hwéng cia cac thanh phan mai truong
Moi PYO (mg/ml)
trudmg Mean SD n
KingA 23,6 0,05 3
KingA+A 10 0,05 3
KingA+G 124 0,1 3
AM 34,71 0,35 3
GM 35,57 0,26 3

5 loai méi truong (1) KingA, (2) KingA+A); (3) KingA+G; (4) AM; (5) GM



2. Anh hwéng cia nong dé axit glutamic

Axit glutamic PYO (mg/ml)
(%) Mean  SD n
0,75 25,27 0,34 3

1 39,8 0,43 3
1,25 42,07 0,34 3
15 49,57 1,71 3

GM1: 0,75%; GM2: 1%; GM3: 1,25%; GM4: 1,5%

3. Anh hwéng cia pH mdi truong

pH pH 6 pH 7 pH 8 pH9
Thoi Mean SD n Mean SD n Mean SD n Mean SD
gian
(gi0)

72 16,73 0,68 3 2385 045 3 246 069 3 1451 0,78

96 17,2 0,26 3 2634 062 3 2993 043 3 1861 0,17

120 18,5 0,34 3 30,5 07 3 346 071

w

2106 0,85




4. Anh hwéng caa nhiét dé nudi cay

Nhiét do PYO (mg/ml)
(°C) Mean  SD n
20 3,56 0,3 3
28 24,04 0,25 3
30 24,24 0,15 3
37 7,26 0,43 3
45 3,7 0,49 3

5. Anh hwéng caa thoi gian nudi cy
Thoi gian Pyocyanin (pg/ml)

(gio) Mean  SD n
24 14,51 0,52 3
48 19,75 0,33 3
72 24,94 0,7 3
96 27,42 0,67 3
120 34,04 0,87 3
144 19,68 0,91 3
6. Anh hwéng cia toc dd lac

Téc dd lac Pyocyanin (ug/ml)
(vong/phut) Mean sD N
50 10,556 0,2744 3
100 16,657 0,7769 3
150 17,353 14114 3
200 23,967 1,8903 3




