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TOM TAT

0 nhlem kim loai nang dang tr& thanh mot van dé moéi truong nghiém trong gay ra do su phét trién nhanh chong
cua nén cong nghi¢p. Cac nha khoa hoc da su dung vi sinh vét dé loai bo kim loai nang thong qua thiic day qua
trinh tao két tua carbonate voi kim loai. Két tiaa carbonate boi vi sinh vat (Microbially induced carbonate
precipitation - MICP) la mot ky thuat than thién véi méi truong va tiét kiém nang lugng, mot phuong phap day
hira hen cho cac van dé 6 nhidm kim loai ning. Vi khuan duoc sit dung trong MICP thuong la cac vi khuan cé
kha ning thity phan urea. Trong nghién ciru nay chiing t6i danh gia tiém nang xur ly 6 nhiém kim loai niang bang
MICP cua chung vi khuan thay phan urea Priestia megaterium ND22 - di dwoc ching ti phan lap ¢ Viét Nam.
Chung P. megaterium ND22 da dwoc nudi cy vai cac kim loai nang Ni%*, Cu®*, Zn**, Pb?*, Fe** cho thiy kha
nang chdng chiu dwoc ndng do kim loai tir 0,05-1 mg/ml. Pdng thai nghién ciru ciing chirng minh P. megaterium
ND22 c6 kha ning tao két tua vai cac ion kim loai nghién ctru véi khdi luong két tua dat tir 0,2-3,45 mg/ml phan
ng. Tir d6 cho thiy tiém niang cua P. megaterium ND22 trong xt ly 6 nhiém kim loai nang.

Tir khoa: MICP, urease, kim loai nang, két tua carbonat, vi khuan thay phan urea.

MO DAU

Kim loai nang da dwoc hdu hét cac co quan bdo vé méi trwdng trén thé gii phan loai 1a chat 6 nhiém wu tién
hang dau. O nhi&m kim loai ndng dang 1a méi de doa vé&i méi trwéng va strc khde con ngudi: 1am tén hai dén ste
khée con ngudi, lam gidm da dang sinh hoc, anh hwéng t&i vi sinh vat bién va giam hoat déng cda vi sinh vat
trong déat, gay doc cho cay tréng va déng vat, ngoai ra con lam gidm kha nang sinh san cla dong vat. Cac cong
nghé hda hoc va sinh hoc da dwoc st dung dé& gidm bt & nhiém kim loai ndng trong dat va nwéc nhu: két tda
héa hoc, déng tu, keo ty, loc, thAm thau nguoc, trao ddi ion, hap thu sinh hoc hiéu khi va phan hiy vi sinh vat ki
khi. Trong d6 qua trinh hap thu sinh hoc nhan dwoc sy chu y ddc biét vi hiéu qué cta né trong viéc loai bé kim
loai ttr cac moi trwérng khac nhau véi chi phi thap va than thién véi méi trweeng. Co ché cla két tia kim loai nang
do vi sinh vat chinh 1 qua trinh tao két ta canxit b&i vi sinh vat (Microbially induced carbonate precipitation - MICP).
Qué trinh nay nhan dwoc rat nhidu sw quan tam tr ca ly thuyét va quan diém thuc t&, kim loai nang sé dwoc loai
bd bang cach dwa chiing vao cac khoang chét carbonate két tiia nhd sw can thiép cla vi sinh vat.

Két tha carbonate do vi sinh vat (Microbially induced carbonate precipitation — MICP) da dwoc &p dung thanh
cbng trong viéc khtr 6 nhiém chat thai mé, cd lap va thu déng hoéa céc kim loai ndng vao mang canxit. MICP ciing
da dwoc str dung dé xtr ly cac kim bun thai chira kim loai n&ng gay 6 nhiém nwéc ngdm va dat néng nghiép bang
céach gidm céc kim loai ndng hda tan ngan chan viéc chuyén kim loai tir bun sang dét (Zeng et al., 2023). Peng va
ddng tac gid cling da chirng minh tinh hiéu qua ctia MICP dbi v&i khir nhiém kim loai nang trong dat va nwéc
(Peng et al., 2020). C6 |ap bén vitng cac kim loai doc hai bang ddng két tha carbonate la phwong phap tiém nang
hiéu qua va than thién vé&i moi tredng.

Nguyén tac co ban cla viéc 4p dung MICP cho cé dinh kim loai ndng Ia st dung vi khu&n thuy phan urea x(c tac
cho qua trinh thdy phan urea giai phéng ra hydroxide va ammonium. Khi urea dwoc dwa vao dung dich vi khuan,
ammonium va carbon hitu co hoda tan dwoc giai phéng xung quanh vi khuan tao ra méi trwdng kiém va qua bao
hoa cuc bo xung quanh t& bao dwa trén phwong trinh héa hoc dwoc trinh bay (phwong trinh 1-5. Ciing véi sw
hién dién cta cac ion kim loai tich dién dwong (cation) bj hat vao thanh té bao vi khuan tich dién am dan dén két
tGa carbonate kim loai (MCOs) thanh dang ran (phwong trinh 6-7).

CO(NH3); + H,0 — NH,COOH + NHg3 ( phan (rng x0c tac bdi urease).
NH,COOH + H,0O — H,CO3z+ NH3

2NH3 + 2H20 < 2NH," + 20H

H,CO3 < HCO3 + H (tng pH)

HCOz + H* +20H « COs” + 2H,0

a b~ W N B
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ca’ +C03?% — CaCOs(s) | két tua 6
M2 + CO3 % — MCOs(s). | két taa 7
Phwong trinh két tta cta ion kim loai nang (M*": cation kim loai)

Két tta kim loai n&ng la két qua cla nhiéu co ché, trai dai tr cac phan ing hoa hoc thuan tay dén mét qua trinh
trung gian b&i cac vi sinh vat (Llera et al., 2021). Wang va ddng tac gia tdng hop cac nghién ciru vé két tha
carbonate kim loai nang do vi sinh vat va dé& xuat dé cac nghién ctvu c6 thé ap dung vao thyc t&, diém quan trong
nhét can xem xét van la lwa chon dwoc mét vi sinh vat phii hop c6 khd nang tao ra mét lwgng lon két tda
carbonate kim loai nang (Wang et al., 2018).

Trong céc nghién clru trwdc ching t6i da lwa chon ra duwgc mét s chiing ¢é hoat tinh urease trong d6 c6 ching
Priestia megaterium ND22 c6 tiém nang tao két tia carbonate kim loai ndng (Nguyén Thi Hién Trang et al., 2023).
Trong nghién ctru nay ching téi danh gia hiéu qua xt ly 5 loai kim loai ndng Ni, Cu, Fe, Zn, Pb bang vi khudn
Priestia megaterium ND22.

NGUYEN LIEU VA PHUONG PHAP
Nguyén liéu

Chung gidng: Ching Priestia megaterium ND22 c6 kha nang thuy phan urea lwu trir & Phong Cong nghé sinh
hoc Enzyme - Vién Céng nghé sinh hoc.

Hoa chét: Thudc thir Nessler va Urea tir Sigma. Cao ndm men, cao thit, Pepton tir Biobasic. Mot s6 mudi kim loai
nang NiCl,.6H,0; CuS04.6H,0; ZnS04.7H,0; FeCl,.4H,0; Pb(NOs), tinh khiét ttr Trung Quadc.

Mai treong LB: 1% wiv Pepton, 1% w/v NaCl, 0,5% w/v cao ndm men.
Nu6i cay vi sinh vat
Chang P. megaterium ND22 bdo quan & -84°C dwgc ria hoat héa trén dia méi trwdng LB agar va U qua dém &

37°C. Khuan lac xuét hién trén dia duoc tiép tuc hoat hda nuéi trong méi treong LB, Iac 200 rpm/phit & 37°C dé
tien hanh céc thi nghiém tiep theo.

Xac dinh hoat tinh urease

Theo phuong phap clia (Nakano et al., 1984) cai tién dwoc tién hanh nhw sau: hdn hop phan trng gdm dung dich
100 pl enzyme va dung dich co chét (250 ul chira 500 mM urea trong 20 mM dém Tris (pH 7,5); b sung 20 mM
dém Tris (pH 7,5) dén thé tich cudi cting la 500 ul va G 10 phit & 37°C. Phan (rng dwoc két thic béng céach thém
50 pl 5% TCA. San phdm ammonia tao ra dwgc xac dinh bdng thudc thir ctia Nessler, phan (rng mau gdm 0,2 ml
dich phan trng + 0,7 ml H,0 + 0,1ml thubc thir Nessler (K2Hgls)) dwoc G & nhiét d6 phong trong 10 phuat va do &
bwdc séng 480 nm. Ham Iwong ammonia dwoc xac dinh dya vao duwong chuén dwoc xay dung bang cach pha
dung dich mudi ammonia sulphate (NH.)>SO4 trong nwéc cat véi ndng dd chudn khac nhau (Imol (NH4)2SO4
twong ng v&i 2 mol NHs). Phan (rng mau dwoc thuc hién nhw buwédc 2 cha xac dinh hoat d6, sau d6 do dd hap
phu tai bwéc séng 480 nm. Mbi twong quan gitra d6 hap phu quang va ndng d6 ammonia chuan dwoc xay dung
béng chwong trinh Excel.

Theo phwong phap nay urease thly phan urea thanh carbon dioxide va ammonia. Mgt don vj hoat d6 cla
enzyme duwoc xac dinh 1a mét lrong thdy phan tao ra 1umol cda ammonia moi phat trong diéu kién thi nghiém.

Hoat tinh urease (U/ml)= umol cda ammonia/ t phan ¢ng (phat)
Xac dinh kha nang khang kim loai nang

Cac ion kim loai nang Ni**, Fe**, zn®", Cu®*, Pb*" duoc bd sung vao méi treong nudi cay véi ndng d6 mudi kim
loai (NiClz, FeCLy, CuSQs, ZnS0,, Pb(NOs),) tdng dan tlr 0,001-5 mg/mL. Ching vi khuan dwoc nudi lac trong
cac mdi trwdng nay & 37°C trong 24h va quan sat kha nang sinh trwéng cta vi khuan.

Phan (rng tao két taa vé&i ion kim loai

Phan &ng tao két ta va kiém tra lwong két tia dwoc tao thanh dwoc tién hanh twong tw nhw mé ta ca (Jalilvand
et al., 2019). Chalng vi khuan khao séat cung véi ching dbi chirng am E. coli (khéng c6 hoat tinh urease) dwoc
nudi cdy trong madi trwdng cé bd sung co chét urea (2 g/L), sau 48h nudi l&c dich huyén phu vi khuan duwoc
chuyé&n sang 6ng eppendoft (2 ml dich nuéi/ 1 6ng) dé tién hanh phan (ng két tia véi kim loai: dng thi nghiém
(TN) va déi chirng (BC) dwoc bd sung 0,5-5 mg/mL cac mudi kim loai khao sat (twong dwong véi ndng d6 0,004-
0,4 M NiCly; 0,003-0,03 M FeCLs; CuSOQ4, ZnSO4 va 0,0015-0,015 M Pb(NOs),). Phan &ng dién ra trong 24h &
37°C, sau dé cac 6ng dwoc ly tam tdc do cao 12500 vong/phut trong 15 phat loai dich thu cén, cdn chira két tha
duwoc sdy kho & 37°C trong 48 h va dwoc can kiém tra. Khéi lwong két tGa kim loai thu dwoc do vi khuan thay
phan urea sé dwoc tinh sau khi trir di khdi lwong déi chirng am & diéu kién twong dwong. (Mksta = Mrn— M bc)

599



CONG NGHE VI SINH, THUC PHAM VA MOl TRUONG

Chup anh két ta tao thanh bang kinh hién vi quét

Két tua thu duoc tiv phan g cda dich nudi céy vi khuan vai kim loai ndng duoc phoi khd & ta &m 37°C, sau do
dwoc chup va phan tich bang kinh hién vi quét Quanta 450 tai trong Dai hoc Mé dia chat-Ha NJi.

KET QUA VA THAO LUAN
Nudi cy va kiém tra hoat tinh thay phan urea cta Priestia megaterium ND22

Chung Priestia megaterium ND22 béo quén & -84°C sau khi hoat héa dwoc nudi cay trong moéi trwong LB thu té
bao dé kiém tra hoat tinh thiy phan urea theo phwong phap da mé ta & trén. Két qua cho thay hoat tinh urease
dat 21,99 + 0,66 U/ml, véi ham lwong protein tdng sb dat 0,913 + 0,026 mg/ml. Hoat tinh urease thu dwoc tir P.
megaterium ND22 twong dwong véi hoat tinh urease clia S. pasteurii (20,7 U/ml) mét chaing vi khuén da dwoc str
dung rong rai trong nghién ctru MICP (Lapierre & Huber, 2024), cao hon so v&i Staphylococcus xylosus (2,36
U/ml) sau khi da téi wu (He et al., 2022).

Urease la enzyme chia khoa cho sy tao thanh két tta carbonate. CAc nghién ctru trwérc d6 da chi ra téc d6 phan
(bhng va hiéu suat két tia dwoc quyet dinh béi hoat tinh urease (Konstantinou et al., 2021). Do d6 v&i hoat tinh
urease cao, P. megaterium ND22 dwoc danh gia la ching cé tiém nang trong cadm (rng qua trinh két tda kim loai.

banh gia kha nang khang kim loai nang

Bang 1. Kha nang P. megaterium ND22 chdng chiu vé&i kim loai nang

Kim loai NiZ* cu® Zn* Pb? Fe*
Néng d6 kim loai (mg/ml)

0,001 + + + + +

0,002 + + + + +

0,005 + + + + +

0,01 + + + + +
0,02 + + + + + CK:gésrighs:rzuhE:rnu?c’;l;g -

0,05 + + + + +

0,1 + + - - +

0,2 + + - - +

05 - + - - +

1 - - - - +

2 , . - - -

5 - - - - -

S t6n tai va hoat déng cua vi khuan trong qua trinh MICP bj &nh hwcmg b&i doc tinh cda kim loai nang, viéc st
dung céac chung c6 kha nang chong chiu v&i cac kim loai doc la can thiét dé ting hiéu qua cua qua trinh khoang
hoa smh hoc o’ cac VI tri bi 6 nhiém. Do d6 chung ND22 dwoc danh gia kha nang khang mét s6 ion kim loai Cu®*
Fe?* * Pb* bang cach bd sung mudi kim loai v&i ndng do tang dan twe 0,001- 5 mg/mL vao moi trwong
nuoi cay, ket qua cho thay P. megaterlum ND22 c6 kha nang smh trucrng tbt v&i ca 5 k|m loai & nong dé <0,05
mg/mL khéng sinh trwéng duoc & nong do tir 0,1 mg/mL Pb**, Zn**; 0,5 mg/mL Ni%*, 1 mg/mL Cu™, 2 mg/mL

. Nhw vay P. megaterlum ND22 c6 kha ndng chéng chiu v&i ca 5 kim loai nang nghlen clru trong do khang tét
nhat voi Fe?", cu® va Ni? " (Bang 1).

Panh gia kha nang tao két taa

Phan trng tao két tia bang MICP dwgc thyc hién nhw d& mo ta & phan phwong phap. Sau 1 ngay G phan &ng &
nhiét d6 phong co thé quan sat dwoc hién twong két ta & tat ca 5 kim loai nghién ctru (Hinh 1). O’ ndng do kim
loai cao hon, lwgng két tha hinh thanh nhiéu hon. Bén canh sw két tda carbonate do MICP, con c6 hién twong
két tha hoa hoc théng thwerng do kim loai phan ¢ng véi mét s thanh phan trong méi triedng dwoc quan sét thay
& déi chirng am.
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Hinh 1. Phan (rng tao két tha gitra dich nu6i cdy P. megaterium ND22; E coli (DC-)
va cac mudi kim loai (A: Ni¥'; B: Cu®'; C: Zn?"; D: Fe*: E: Pb?)
Sau 24h phan (rng, két tha thu dwgc sé dwoc lam khd va can bdng can phan tich va dwoc tinh nhw da mo ta &
phan phwong phap. Khdi lvong két tia thu dwoc do phan ¢ng MICP dwoc thé hién & Bang 2 cho thay P.
megaterium ND22 c6 kha nang thic diy qua trinh tao két tda véi cd 5 kim loai nghién ctu, hiéu qua nhat véi Cu
va Ni. O néng do kim loai thdp (0,5-1 mg/ml) vé&i lwong két tha tao thanh thap can thiét bi cé d6 nhay cao hon dé
xac dinh. Két qua nay ciing twong dbi kha quan khi so sanh véi nghién ctéu cla Wu va déng tac gia két tha sat
bé&ng MIP b&i Sporosarcina pasteurii thu duwgc 1,17 mg FesO, tir 2 ml phan (ng.(Wu et al., 2021).

Bang 2. Khéi lweng két tta thu dwoc do phan (rng MICP cta P. megaterium ND22 véi ion kim loai nang

Nong d6 kim loai Khéi lwong két taa

Kim loai mg/ml M (mg/1 ml phan trng)

NiZ* 0,5 0,004 0

1 0,008 0

5 0,039 1,55+0,07
cu? 05 0,003 0

1 0,006 0,75+0,07

5 0,031 3,45+0,21
7n% 0,5 0,003 0

1 0,006 0

5 0,03 1
P2 0,5 0,0015 0

1 0,003 0

5 0,015 0,2
Fe? 0,5 0,003 0

1 0,006 0

5 0,03 0,9+0,14
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Phan tng voi hai kim loai Ni* va Cu®* cé khéi lwong két tiia cao nhét dwoc giri di phan tich béng kinh hién vi
quét (SEM). Hinh anh chup SEM da cho thdy dam két tda kim loai dwoc hinh thanh bao quanh té bao vi khuén
(Hinh 2). Nhw vay vi khudn da cb dinh kim loai thanh khoang chét carbonated, chuyén kim loai t¥ dang hoa tan
sang dang khéng hoa tan, gidm kha nang di chuyén ctia chiing trong méi truéng dé dé giam dan doc tinh ctia ching.

P. megaterium (B. megaterium) da duwgc béo céo co khd nang lam bén vat liéu xay dwng théng qua qua trinh
MICP (Dhami et al., 2014) Bén canh do P megaterlum cling dwoc cong bd la ching cé kha nang chong chiu hap
thy tét cac kim loai Cd**, Zn**, Hg?", Cu®*, Co®, As®" (Guzman-Moreno et al., 2022). Diéu nay la co s& cho thy
tiém nang cda P. megaterlum ND22 trong (ng dung két tda kim loai bang MICP.

Hinh 2. Hinh anh két tha kim loai (A: Ni; B: Cu) do phan &ng MICP chia P. megaterium ND22
vé&iion kim loai

KET LUAN

Nghién cuu da danh gia kha nang chdng chiu ciing nhw kha nang tao két tda véi cac kim loai cu®, Fe*, Ni¥*,
Pb*, zn* cla chung ureolytic P. megaterlum ND22 phan lap tai Viét Nam. P. megaterium ND22 c6 kha nang
chong chiju v&i ca 5 kim loai nghién ctru & nong d6 0,1-1 mg/mL, cung nhu c6 kha nang thuc day qua trinh MICP
tao két tta v&i ca 5 kim loai véi mirc d6 khac nhau tét nhét voi Cu®* *. Két qua bwéc dau cho thay tinh kha thi
cta viéc x& ly sinh hoc 6 nhiém kim loai ndng bang MICP ciing nhu tidm n&ng &ng dung cta P. megaterium
ND22. Tuy nhién can thém nhiéu nghién ctu tdi wu qua trinh sinh hoc va héa hoc trong tao két tia nang cao hiéu
suét trong tng dung.

Loi cam on: Dé tai thuge “Nhiém vu khoa hoc cdng nghé cho can bg céng doan vién Vién Cong nghé sinh hoc” Nhom dé
tai xin duoC cdm on Vién Cong nghé sinh hoc - Vién Han lam Khoa hoc va Coéng nghé Viét Nam, Phong Cdng nghé sinh hoc
Enzyme da ho tro ve kinh phi va trang thiet b;.
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IMMOBILIZATION OF HEAVY METALS VIA MICROBIAL INDUCED
CARBONATE PRICIPITATION BY Priestia megaterium ND22

Nguyen Thi Hien Trang®, Nguyen Thi Thao, Nguyen Thi Anh Tuyet, Le Thanh Hoang,
Nguyen Sy Le Thanh, Vu Thanh Tung, Do Thi Tuyen

Institute of Biotechnology, Vietnam Academy of Science and Technology

SUMMARY

Heavy metals contamination is a serious environmental problem that has increased because of rapid industrial
development. Scientists have been using microorganisms to remove heavy metals from contaminated
environments through a process called microbially induced calcite precipitation. Microbially induced carbonate
precipitation (MICP) is an environmental-friendly and energy-saving technique, and can provide a promising
solution to heavy metal pollution issues. The ureolytic bacteria are commonly used for MICP. In this study, we
evaluate the potential to treat heavy metal pollution by MICP using Priestia megaterium ND22 - a ureolytic
bacterial strain isolated in Vietnam. The P. megaterium ND22 strain was cultured with heavy metals and could
withstand heavy metals Ni?*, Cu®**, Zn*, Pb**, Fe*" ranging from 0.05-1 mg/ml. Moreover, the study also
demonstrated that P. megaterium ND22 can precipitate heavy metal ions, with dry weights of Ni, Cu, Zn, Pb,
and Fe precipitation attached from 0.2 to 3.45 mg/ 1ml reaction solution. From the study, it was concluded that
P. megaterium ND22 shows relatively high potential for the treatment of heavy metal contamination.

Keywords: MICP, urease, heavy metal, carbonate precipitation, ureolytic bacteria.
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