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1. GIOI THIEU

Nguyén t6 phospho (P) duoc xem 1a nguyén t6
da luong thlet yéu thir hai dbi voi cay trong, tham
gia tryc t1ep vao cac qua trinh sinh trudng, quang
hop, chuyén hoéa ning lugng, tong hop acid nucleic
va phén chia té bao (Bilal et al., 2021; Chouyia et
al., 2022; Elhaissoufi et al., 2022; Lambers, 2022).
Tuy nhién, cdy chi hip thu dwoc P & dang
orthophosphate hoa tan nhu H,PO4™ va HPO4* (Pan
& Cai, 2023; Santoro et al., 2024). Mac du téng
luong P trong dit kha cao (1,0 - 2,5%) nhung ton tai
& dang cdy khong thé st dung do P dé két taa véi
cac ion Ca®, Fe’* va AI**, dong thoi bi hdp phu
manh 1én khoang dét, lam han ché kha nang khuéch
tan va hap thu cia cdy (Richardson & Simpson,
2011; Bilal et al., 2021; Pan & Cai, 2023). Vi vay,
thiéu hut P 1a Van dé phd bién trong nong ngh1ep,
gdy giam nang suat dang ké. Pé khic phuc van dé
trén, phan lan hoa hoc dugc sir dung rong rii nhim
dap tng nhu cau luong thyc toan cau (Akanmu et
al., 2023; Wendimu et al., 2023). Tuy nhién, viéc
lam dung phén lan dan dén suy giam d¢ phi dat, that
thoat P va 6 nhiém moi trudng (Wang et al., 2024).
Do d6, viéc phat trién cac giai phap sinh hoc nham
nang cao hiéu qua st dung P dang dugc quan tam
manh mé (Pan & Cai, 2023).

Vi sinh vdt hoa tan phosphate (phosphate-
solubilizing microorganisms — PSM), dac biét la vi
khuan hoa tan phosphate (PSB), duoc xem la gidi
phap tiém ndng gilp chuyén héa 1an khé tan thanh
dang P cay hap thu duoc. Theo Malusa et al. (2012),
phan bén vi sinh chita PSB 1a ché phim gom mot
hodc nhiéu chung vi sinh vat c6 1gi Kkét hop voi chét
mang phu hop. Cac ché phdm nay khong chi gop
phan giam chi phi san xuit ma con han ché tac dong
tiéu cuc dén moi truong so voi phan hoa hoc (Bi et
al., 2019). Vi sinh vét gii vai tro trung tdm trong cac
chu trinh sinh dia hoa va duy tri do phi trong dat
(Sokol et al., 2022), trong khi PSB thuc ddy chu
trinh P bang cach giai phong phosphate tir cic dang
khong tan (Mosimann et al., 2017; Pan & Cali,
2023). Pantoea asiatica JP233 c6 kha ning tang hoa
tan P va thiic day sinh truong ca chua (Tang et al.,
2025). Tuy nhién, hiéu qua ciia PSB ngoai dong
rudng van chua 6n dinh do anh hudng cia diéu kién
mdi truong, kha nang thich nghi va do bén cua
ché pham.

Co ché hoa tan phosphate quan trong nhat cua
PSB 1a tiét acid hitu co nhu acetate, lactate, malate,
oxalate, succinate, citrate, gluconate va
ketogluconate dé tao phirc voi Ca?*, Fe’* va AP™, tir
d6 giai phong phosphate khoi cac hop chét khong
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tan. Trong sO cac acid hitu co, acid gluconic dwoc
nghién ctru nhidu nhét va duoc tong hop théng qua
hé enzyme glucose dehydrogenase phu thudc
pyrroloquinoline quinone (PQQ), véi sy tham gia
clia cac gen pggA-pqqG cing cac gen ciu tric gdhA
va gdhB (An & Moe, 2016). Ngoai ra, cac acid hitu
co thudc chu trinh TCA nhu citrate, malate va
succinate ciing gop phan quan trong vao qué trinh
hoa tan P thong qua cac con dudng enzyme chiu anh
hudng boi trang thai oxy hoa khir va diéu kién moi
truong (Bharwad & Rajkumar, 2020).

Trong sb cac vi khudn hoa tan phosphate, chi
Enterobacter ndi bat nhd kha nang thich nghi cao va
trao doi chit linh hoat. Cac loai thudc chi nay c6 thé
chuyén ddi giita ho hap hiéu khi va 1én men ky khi
tuy thuoc vao diéu kién oxy. Enterobacter
hormaechei ¢6 kha ning san xuit dong thodi nhiéu
acid hiru co nhu gluconic, glutamic, ketoglutaric,
malic va succinic (Mardad et al., 2013). Chung
Enterobacter sp. ITCB-09 ciing dugc ghi nhén co
kha ning hoa tan phosphate manh thong qua co ché
tiét acid hiru co (Mendoza-arroyo et al., 2020). Tuy
nhién, hi¢u qua hoa tan P gilta cac ching
Enterobacter c6 su khac biét dang ké, cu thé
Enterobacter ludwigii GMG278 dat 53,97 pg/mL,
GMG291 dat 106,82 pg/mL, GMG378 dat 53,66
ug/mL va Enterobacter soli GMG1156 dat 134,69
pg/mL (Sokolova et al., 2024, 2025). Nhiing khac
biét nay cho thiy vai trd cua cac yéu t6 di truyen
trong co ché hoa tan lan. Dé 1am 16 co ché nay,
Sokolova et al. (2025) d két hop phan tich HPLC
nhim xac dinh cac acid hitu co tiét ra trong moi
trudng chira AIPO4, FePO4 va Cas(POy)y; ddng thoi,
viéc phan tich bd gen so sanh ciing da dugc thuc
hién dé lién hé bién thé di truyén vai kiéu hinh hoa
tan phosphate.

Kha nang hoa tan lan cua vi sinh vat chiu anh
hudng boi cac ngudn dinh dudng va diéu kién nudi
céy khac nhau. Viéc bd sung ngudn carbon va ning
lugng cho vi sinh vat gitp thic ddy qua trinh khoang
héa P, nhung hiéu qua phu thudc vao loai d4t va ham
lugng P ban dau (Rawal et al., 2022; John et al.,
2024; Raniro et al., 2025). Viéc nudi ciy vi sinh vat
trong diéu kién hiéu khi gitp tang cuong tiép xtc
gilta vi sinh vat, enzyme va co chat, dong thoi thic
day san sinh acid hitu co. Nguoc lai, didu kién thiéu
oxy co thé huy dong P thong qua co ché khir cac
phitc hop sit-phosphate (Anderson et al., 2021;
Nguyen et al., 2023). Cac dic diém di truyén lién
quan dén chuyén hoa carbohydrate va kha ning
thich nghi méi truong ciing anh huong dén hidu qua
hoa tan phosphate ctia vi sinh vat duéi cac diéu kién
nudi cdy khac nhau (Pan et al., 2025). Nhin chung,
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du nhidu chung PSM thé hién kha ning hoa tan lan
t6t trong diéu kién phong thi nghiém nhung hi¢u qua
ngoai dong ruéng van con bién dong 16n. Vi vay,
viéc nghién ciru sau hon vé co ché sinh héa va phan
tir ctia qua trinh hoa tan phosphate can tiép tuc dwoc
thuc hién nham téi vu hoa kha ning ung dung PSB
trong néng nghiép bén viing (Sokolova et al., 2025).

2. PHUONG PHAP NGHIEN CUU

2.1. Chuén bi dong Enterobacter hormaechei
GC1.3 cho cac thi nghiém khao sat

Dong vi khuan GC1.3 dugc phan lap tir mau dét
ving ré la hoang thu thap tai Go Cong, Pdng Thap.
Vi khuén GC1.3 sau phan 1ap dwoc xac dinh kha
nang hoa tan 1an vo co duya trén chi sé hoa tan lan
(PSI) theo cong thiic cua Alemneh et al. (2025).
Ham luong 1an hoa tan dugc phan tich bang phuong
phép hién mau molybdate (Murphy & Riley, 1962).
Dong GC1.3 thé hién kha nang hoa tan 1an tuong d6i
cao, v6i chi sb PSI dat 1,88 + 0,14 sau 10 ngay nudi
cdy va ham luong 1an hoa tan dat 809,91 + 14,17
mg/L, thugc nhom cac chung c6 hiéu qua hoa tan lan
cao nhét trong s6 43 chung duoc phan 1ap va khao
sat. Chung GC1.3 dugc dinh danh Average
Nucleotide Identity (ANI) dya trén dit liéu genome
hoan chinh (Jain et al., 2018). Két qua giai trinh t
va phan tich bo gen cho thay dong vi khudn GC1.3
duoc dinh danh ANI 1a Enterobacter hormaechei
GC1.3 (E. hormaechei GC1.3). B gen cia chung
dd duoc ding ky va cong bd trén co so dir liéu
DDBJ/ENA/GenBank véi mad sd truy cép
(Accession number) JBYFBU000000000, thudc du
an BioProject PRINA1465318 va BioSample
SAMNS59741156.

2.2. Khio sit cac yéu té dinh dudng anh

hwéng dén kha niing hoa tan phosphate
cia PSB

Chudn bi dich vi khudn: Vi khuan E. hormaechei
GC1.3 dugc nudi tang sinh trong moi truong Luria-
Bertani (LB) ¢ nhiét d 30 = 2°C va lic & toc d§ 200
rpm trong 12-24 gid. Mat d6 té bao dugc xac dinh
bang phuong phap do mét d6 quang & budc song
600 nm (OD600 = 0,8), tuong Ung véi khoang 10?
CFU/mL (Bertani, 1951).

Moéi truong NBRIP (Nautiyal, 1999) gém
glucose 10,0 g/L; MgCl»-6H-0 5,0 g/L; (NH4)-SOa4
0,1 g/L; MgS04-7H-0 0,25 g/L; Cas(POa4)2 5,0 g/L;
KC10,20 g/L va agar 15 g/L dugc sir dung dé danh
gi4 kha niang hoa tan phosphate cua vi khuan. Tuy
theo muc dich cua ting thi nghi€ém, méi truong dugc
bd sung cac ngudn dinh dudng hodc cac mirc xtr Iy
khac nhau. Song song véi cac nghiém thitc ¢6 cay vi
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khuén, cac binh chira cing méi truong nhung khong
cdy vi khuan duoc bd tri 1am ddi chimg am va duoc
stt dung 1am mau tring (blank) trong qua trinh x4c
dinh ham lugng lan hoa tan.

Nhiét d6 nudi cdy (30 + 2°C) va thoi gian nudi
cdy (10 ngay) duogc duy tri ¢b dinh cho tit ca cac thi
nghiém. Théng s6 t6i wu thu duoc tir thi nghiém
trudc dugc st dung lam thong s6 ¢ dinh cho thi
nghiém tiép theo. Mdi thi nghiém dugc bé tri voi ba
lan lap lai doc lap va Kkét qua duoc trinh bay dudi
dang gia tri trung binh + d¢ 1éch chuén.

Chi tiéu theo doi: PSI, pH va ham lugng lan hoa
tan (mg/L).
2.2.1. Anh hudng ciia nong dg lin Caz(POq);

Moi truong NBRIP dic va long dugc chudn bi
tuong tu muc 2.2 voi Cas(PO4)2 duge b sung 6 cac
n6ng d6 1,0; 3,0, 5,0; 7,0 va 9,0 g/L. Dich huyen phu
vi khuan dugc cdy 1én méi truong NBRIP dic dé xac
dinh chi s hoa tan phosphate (PSI); ddng thoi, 0,5
mL dich vi khuan dugc bo sung vao binh tam giac
chira 30 mL méi truong NBRIP long dé xac dinh pH
va ham lugng 1an hoa tan. Cac nghiém thic dugc
nudi cdy ¢ 30 + 2°C trong 10 ngay.

2.2.2. Anh hiong cia cic nguon va nong do

carbohydrate khac nhau

Dich nuéi cdy vi khuan va méi truong NBRIP
duoc chuén bi theo muc 2.2. Thi nghiém dugc b tri
theo hai nhéan t6 gdm ngudn carbohydrate va nong
d6 carbohydrate. Nhan t§ thir nhat bao gdm bdn
ngudn carbohydrate (glucose, sucrose, mannitol va
maltose), duoc sir dung dé thay thé hoan toan
glucose trong cong thirc moéi truong NBRIP. Nhan
t6 thur hai 1a nong d¢ carbohydrate véi 5 muc 5,0;
7,5; 10,0; 12,5 va 15,0 g/L (w/v). Cac thanh phan
khac ctia méi trudng duoc giit khong doi nham danh
gi4d anh huong cua ting ngudén va nong do
carbohydrate dén kha ning hoa tan phosphate cua
chung nghién ctru (Agboola et al., 2023).

2.2.3. Anh huong cia cic nguén va nong do

nitrogen khdc nhau

Thi nghiém duoc tién hanh twong tu muc 2.2.
Thi nghiém duoc b6 tri theo hai nhan t6, trong do
nhan t6 thir nhét 1a ngudn nitrogen gdm ammonium
sulfate ((NH4)2SO4), ammonium chloride (NH+ClI)
va sodium nitrate (NaNOs), duge sir dung dé thay
thé hoan toan ngudn nitrogen trong cong thirc moi
truong NBRIP. Nhan t6 thi hai 1a ndng d6 nitrogen
v6oi nam muc 0; 0,05; 0,10; 0,15 va 0,20 g/L (w/v)
(Agboola et al. 2023). Cac thanh phan khéc ctia moi
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truong va didu kién nuéi cdy dugc giit khong doi
theo muc 2.2.

2.2.4. Anh hweéng két hop ciia cdc nguon carbon
va nitrogen khdc nhau

Dich huyen phu vi khudn va moi truong nudi chy
dugc chuan bi twong ty muc 2.2. Dé danh gia anh
huéng twong tic giita ngudén carbon va ngudn
nitrogen dén kha ning hoa tan phosphate ciia ching
E. hormaechei GC1.3, glucose trong cong thirc moi
truong NBRIP dugc thay thé hoan toan bang mot
trong bon ngudn carbon gom glucose, sucrose,
mannitol va maltose, dong thoi nguon nitrogen dugc
thay thé bang mot trong ba ngudn gdm ammonium
sulfate ((NH4):SO4), ammonium chloride (NH.Cl)
va sodium nitrate (NaNOs). Thi nghiém duoc bd tri
hoan toan ngau nhién theo kiéu hai nhan t6, bao gdm
bon nghiém thire nguon carbon va ba nghiém thirc
ngudn nitrogen. Nong d6 cua ngudn carbon va
nguodn nitrogen dugce lya chon dya trén cac nghiém
thirc t6i wu thu duoc tir cac thi nghiém twong tmg &
muc 2.2.2 va 2.2.3. Cac thanh phan khac cua méi
truong va didu kién nudi cdy dugc giit khong doi
theo muc 2.2.

2.3. Khio sat cic yéu t6 médi truomg inh

hwong dén kha niing hoa tan lan

2.3.1. Kha nang hoa tan hai dang ldan kho tan

(FePOy va AIPO,) véi cdc nong do
khac nhau

Dich huyén phu vi khuan va méi truong nudi cay
dugc chuan b tuong ty muc 2.2. Bé danh gia kha
nang hoa tan cac dang phosphate khoé tan khac nhau
cua chung E. hormaechei GC1.3, Cas(POa): trong
moi truong NBRIP duge thay thé hoan toan bang
nhom phosphate (AIPOs) hodc sit (III) phosphate
(FePOa). M&i ngudn phosphate dugc khao sat & nim
n6ng d6 khac nhau (w/v), gém 0;0,15;0,30; 0,45 va
0,60 g/L (Thy va ctv., 2021). Thi nghiém dugc bd
tri hoan toan ngau nhién theo kiéu hai nhén t6, bao
gdm hai nghiém thirc ngudn phosphate (AIPOs va
FePO.) va nim mirc nong do phosphate. Cac thi
nghiém dugc tién hanh trong méi truong 1ong véi ba
1an lap lai. Sau 10 ngay nudi cay, pH moi trudng va
ham lugng lan hoa tan dugc xac dinh nhim danh gia
kha nang hoa tan hai dang phosphate khé tan cua
chung nghién cutru.

2.3.2. Anh huong cia nhiét do i va diéu kién
nuéi ldc hodc tinh dén kha nang hoa tan
lan voé co

Dich huyén phu vi khuan E. hormaechei GC1.3

va mdi truong nudi céy duoc chuén bj twong ty muc
2.2. B¢ danh gia anh huong cta nhiét d va ché do
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nudi cdy dén kha ning hoa tan phosphate ciia chung
nghién ctru, cac binh méi trudng NBRIP sau khi ciy
dich vi khuan duogc u & ba mirc nhiét do khac nhau
(25°C, 30°C va 35°C) két hop v6i hai ché do nudi
céy gdm nudi tinh va nudi lic trén may lic véi toc
d6 200 rpm. Thi nghiém duoc b tri hoan toan ngiu
nhién theo kiéu hai nhan t6. Cac nghiém thirc dugc
nudi cy trong 10 ngay véi ba lan lap lai (Wang et
al., 2022). Sau thoi gian nudi cay, pH moi truong va
ham lugng 1an hoa tan dugc xac dinh nham danh gia
diéu kién nudi ciy thich hop cho kha ning hoa tan
phosphate cua chung E. hormaechei GC1.3.
2.4. Phan tich va xir Iy s6 liéu

Céc s6 liéu thu duoc duoc nhép li¢u, xur ly va vé
d6 thi bang phan mém Microsoft Excel. Viéc phan
tich thong ké dwoc thyc hién bing phin mém
Minitab v19. Két qua dugc trinh bay dudi dang gia
tri trung binh ctia ba lan lap +dg 1éch chuén. Dbi vé6i
cac thi nghiém b tri mot nhan t6, dit liéu duge phan
tich bang phwong phap phén tich phuong sai mot
nhan t§ (one-way ANOVA). Bdi véi cac thi nghiém
bb tri hai nhan t6, dit liéu dugc phéan tich bang
phuong phap phan tich phuong sai hai nhan t6 (two-
way ANOVA) nhim danh gia 4anh huong cia timg
nhan t va tuong tac giita cac nhan td. Khi sy khac
biét c6 y nghia thong ké, phép thir Tukey dugc sir
dung dé so sanh trung binh giita cac nghiém thirc &
murc ¥ nghia p < 0,05.

3. KET QUA VA THAO LUAN
3.1. Anh huéng ndng dd 1an vé co Cas(PO4):

Két qua cho thiy ndng d6 Cas(POs)2 anh huong
dang ké dén ham luwong lan hoa tan do chung E.
hormaechei GC1.3 tao ra. Ham lugng 14n hoa tan
tang dan tir 333,53 mg/L ¢ nong do 1,0 g/L 1én
799,49 mg/L & 5,0 g/L, dong thoi chi s PSI ciing
dat gid tri cao nhat (3,23). Viéc tang néng do
phosphate trong méi truong tir 1,0 dén 5,0 g/L 1am
gia ting ham lugng 1an hoa tan do ching vi khuan
tao ra. Tuy nhién, khi ndng d6 Cas(POa): tiép tuc
tang 1én 7,0 va 9,0 g/L, ham luong l1an hoa tan giam
dang ké xudng con 395,84 va 116,12 mg/L, mic di
luong phosphate ban dau trong méi truong cao hon.
Két qua nay cho thay kha nang hoa tan 1an cta ching
GC1.3 khong tang ty 1€ thuén voi lugng Cas(POa4)-
bd sung va dat gia tri t6i uu tai nong d6 5,0 g/L trong
diéu kién thi nghiém (Hinh 1).

Bén canh d0, gia tri pH c6 su bién dong giita cac
nghiém thirc va khong hoan toan tuong dong véi xu
huéng thay dbi ciia ham lwong 14n hoa tan. Tai ndng
d6 5,0 g/L, ham lugng 1an hoa tan dat cao nhét trong
khi pH chi ¢ mirc 5,15; ngugc lai, & néng d69,0 g/L,
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pH tang lén 7,49 nhung ham lugng 1an hoa tan giam
xudng thap nhét. Két qua nay cho thdy pH la mot
yéu t ¢6 lién quan dén qua trinh hoa tan 1an; tuy
nhién, trong nghién ctru nay, chua c6 di di liéu dé
khing dinh mdi quan hé tryc tiép giira sy thay doi
pH va hiéu qua hoa tan lan cua chung GC1.3 (Hinh
1). Nhin chung, trong pham vi khao sat, nong d6 5,0
g/L Cas(POs)2 dugce xac dinh 1a diéu kién thich hop
nhit dé danh gia kha ning hoa tan lan cia E.
hormaechei GC1.3, thé hién dong thoi gid tri PSI va
ham luong 1an hoa tan cao nhét.

Theo Agboola et al. (2023) va Sanchez-
Gonzalez et al. (2023), cac ching vi khuan hoa tan
lan (PSB) thuong dat hoat tinh cao nhét trong
khoang nong d¢ 2 - 5 g/L, nhung hiéu qua giam khi
néng do tiép tuc ting. Tuong tu, Sharma et al.
(2013) cho rang kha ning phan giai 1an cua vi sinh
vat tuan theo mot quy ludt dién hinh: & néng do
phosphate thip, su thiéu hut phosphate han ché qua
trinh hoa tan; & muc trung binh, hiéu qua hoa tan lan
tdt nhat; trong khi & néng dod cao, hién tuong tai Kkét
tia phosphate cting v&i anh huong bat loi cia ion
Ca*" lam suy giam hiéu qua.
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3.2. Anh hwéng cic ngudn va nong dd
carbohydrate khac nhau

Két qua cho thiy ca loai va ndng do ngudn
carbon déu anh huong dang ké dén kha ning hoa tan
lan ciia chung E. hormaechei GC1.3. Trong sb cac
ngudn carbon dugc khio sat, glucose cho hiéu qua
hoa tan lan cao nhat & hau hét cac nong do. Ham
lugng 1an hoa tan ting tir 196,00 mg/L & ndng do 5
g/L 1én cyuc dai 800,58 mg/L & 10 g/L glucose, sau
d6 giam xudng 628,56 mg/L va 284,74 mg/L twong
tng ¢ 12 va 15 g/L. Két qua nay cho thiy nong do
10 g/L glucose 1a diéu kién thich hop nhét dé danh
gid hoat tinh hoa tan lan cua ching GC1.3 trong
nghién ctru nay (Hinh 2). Di v6i cac ngudn carbon
khac, ham luong 1an hoa tan ciing tang khi nong d¢
carbon ting tir 5 1én 10 g/L, sau d6 giam & cac ndng
d6 cao hon. O ndng do 10 g/L, sucrose cho ham
luong lan hoa tan dat 668,15 mg/L, cao hon
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mannitol (359,70 mg/L) va maltose (274,81 mg/L).
Diéu nay cho thdy hiéu qua hoa tan 1an cia chung
GC1.3 phy thudc dang ké vao loai nguén carbon
duoc st dung.

Gia tri pH ctia méi trueong ¢ xu hudng tang theo
ndng do carbon ddi véi tat ca cac nghiém thirc. O
glucose, pH ting tir 4,51 1én 6,04 khi ndng do ting
tur 5 1én 15 g/L. Xu hudng tuong tu cling dugc ghi
nhén & maltose, mannitol va sucrose. Tuy nhién, sy
thay d6i pH khong hoan toan twong tmg v&i su thay
ddi cua ham luwong lan hoa tan. Chéng han, tai
glucose 15 g/L, pH dat gia tri cao nhét (6,04) nhung
ham lugng lan hoa tan chi dat 284,74 mg/L, théip
hon déng ké so v6i nghiém thirc glucose 10 g/L
(800,58 mg/L). Két qua nay cho thiy trong pham vi
nghién cuu, pH khong phai 1a chi tiéu phan anh tryc
tiép hiéu qua hoa tan lan va can duoc xem xét két
hop v6i ham luong 1an hoa tan.

Nhin chung, két qua cho thiy glucose 14 ngudn
carbon thich hgp nhét cho hoat dong hoa tan lan cua
E. hormaechei GC1.3, trong d6 néng d6 10 g/L cho
hiéu qua cao nhit. Sucrose ciing hd trg kha ning hoa
tan lan tuong ddi tt, trong khi maltose va mannitol
cho hiéu qua thap hon. Cac két qua nay 1a co so dé
lya chon nguén carbon va nong do thich hop cho cac
nghién ctru t6i wu hoa moi truong nudi cdy va phat
trién ché pham vi sinh hoa tan 1an tir ching GC1.3.

Két qua twong ty nhu trén dugc thé hién qua
nghién cuu cua Han et al. (2014) trén cac chung vi
khuén chiu man c¢6 kha nang hoa tan lan cho thay
glucose tao ra ham luong lan hoa tan cao nhét (dat
khoang 618 mg/L), vuot trdi so vdi cac loai dudng
khéac nhu fructose, maltose, sucrose hay mannitol.
Mot s6 ngudn carbon khac nhur xylose ciing cho hiéu
qua nhat dinh nhung van kém hon glucose. Nhiing
két qua nay cing cd nhan dinh rang hiéu qua hoa tan
lan phu thudc chat ch& vao kha ning chuyén hoa
nhanh va sinh acid hitu co ctia vi khuan déi véi timg
loai co chit. Nghién ctru ciia Huong va ctv. (2018)
khi khao sat cac ching vi khuén phén giai phosphate
kho tan ciing cho thay glucose 1a ngudn carbon phu
hop nhit ddi v6i chung Pseudomonas aeruginosa
HD3. Tuy nhién, nghién ctru nay ciing chi ra rang
khong phai tat ca vi khuan déu c6 cing xu hudng st
dung co chét; vi du, mot sb chung khac lai thich nghi
t6t hon véi fructose. Piéu nay cho thiy tinh dic hiéu
trong kha ning sir dung ngudn carbon cua timg
chung vi khuan, déng thoi nhin manh vai tro quan
trong cua viéc lia chon co chit phit hop nham ti vu
hoéa hi¢u qua hoa tan lan.
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Hinh 2. Anh huéng cac ngudn va ndng do
carbohydrate dén pH va ham lwgng lan hoa tan

3.3. Anh hwéng cic ngudn va ndng dd
nitrogen khac nhau

Két qua cho théy ngudn va ndng do nitrogen anh
huong déng ké dén pH va ham lugng 1an hoa tan cua
ching E. hormaechei GC1.3. Pbi véi ca ba nguon
nitrogen khao sat, ham lugng l4n hoa tan cao nhat
duogc ghi nhan 6 nghiém thac 0,1 g/L (NH4)2SO4 voi
802,54 mg/L. Ddi véi NaNOs va NH4Cl, ham lugng
lan hoa tan cao nhat 1an luot dat 591,28 va 669,37
mg/L & ndng d6 0,1 g/L, sau d6 giam rd rét khi ting
ndng do nitrogen 1én 0,15 va 0,2 g/L. Gia tri pH dao
dong tir 4,85 dén 6,33 va c6 xu hudng giam khi ham
luong lan hoa tan ting. Tai nghiém thac 0,1 g/L
(NH.4)2SO., pH dat gié trj thap nhat (5,10) ddng thoi
ham luwong 1an hoa tan cao nhit (802,54 mg/L).
Nguoc lai, cac nghiém thirc dbi ching khong b
sung nitrogen c6 pH cao hon (6,19 - 6,33) nhung
ham luong 1an hoa tan chi dao dong tir 132,60 dén
136,70 mg/L. Tuy nhién, mdi quan hé nay khong
hoan toan tuyén tinh & tit ca cac nghiém thuc, do d6
trong pham vi nghién ctru chi c6 thé ghi nhén sy thay
ddi dong thoi giita pH va kha nang hoa tan 14n ma
chua du co s& dé khéng dinh co ché tac dong cu thé.

Nhin chung, két qua cho thiy ngudn nitrogen
dang amoni, dac biét 1a (NH4)2SOs & néng d6 0,1
g/L, tao diéu kién thuén loi nhit cho hoat dong hoa
tan lan cia E. hormaechei GC1.3, thé hién qua ham
lwong 1an hoa tan dat gia tri cao nhit trong cac
nghiém thuc khéo sat.

Két qua nghién ciru ciia Agboola et al. (2023)
cho thay ngudn nitrogen ¢6 anh huéng rd rét dén kha
nang hoa tan lan cia chung Enterobacter, trong d6
cac dang nitrogen chita NH4", dac biét 1a (NH4)2SO4
cho hiéu qua cao hon so véi dang nitrate. O nong do
thich hgp (NH4)2SO4 gitp gia ting dang ké ham
luong lan hoa tan, dong thoi lam giam pH moi
trudng. Két qua nay phu hgp véi két qua duoc bao
c4o trong nghién ciru t6i uu hoa hoat tinh hoa tan lan
cua E. cloacae va E. hormaechei, trong do6 moi
truong chira ammonium sulphate ghi nhan kha nang
hoa tan phosphate cao nhit. Habte and Osorio
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(2012) cho rang dang nitrogen amoni c6 kha ning
lam giam pH manh hon so véi nitrate, tir d6 thic day
qua trinh hoa tan phosphate. Tuong tw, Han et al.
(2012) cting khing dinh ammonium sulfate 1a nguon
nitrogen tdi wu cho vi khuan hoa tan lan.

SHLLHT-(NH.):S0:

COHLLHT-NaNO,
© pH-NaNO:

~HLLHT-NH.CI
ApH-NHCI

Him lugng lin hoa tan (mg/L)

1
Néng d§ Nitrogen (g/L)

Hinh 3. Anh hwéng ciia cic ngudn va ndng do
nitrogen dén pH va ham luwgng lan hoa tan

3.4. Anh huéng ciia cac nguon C va N khac
nhau

Két qua anh huong cua ngudn C va N dugc thé
hién qua Hinh 4. Sy két hop gitra nguon carbon va
ngudn nitrogen c6 anh huong dang ké dén kha ning
hoa tan lan cta ching E. hormaechei GC1.3. Trong
tat ca cac to hop khao sat, nghiém thirc glucose két
hop v6i (NH4)2SOs cho hiéu qua cao nhat, v6i ham
luong lan hoa tan dat 800,07 mg/L va pH dat 5,14.
Khi glucose dugc két hop véi NH4Cl va NaNOs,
ham luong l4n hoa tan giam lan lugt con 695,97
mg/L va 577,50 mg/L. Két qua nay cho thay clng
mot ngudn carbon nhung hiéu qua hoa tan lan thay
dbi tiry theo ngudn nitrogen dugc st dung. Dbi voi
cac ngudn carbon con lai, xu huéng twong tu ciing
dugc ghi nhan. Sucrose két hop v6i (NH.).SOs dat
ham luong lan hoa tan 651,40 mg/L, cao hon dang
ké so v6i NH4CI (435,70 mg/L) va NaNOs (320,09
mg/L). Tuong tu, & cac nghiém thurc mannitol va
maltose, t6 hop v&i (NH4)2SO4 luén cho ham lugng
lan hoa tan cao hon so v&i hai ngudn nitrogen con
lai. Trong khi d6, maltose 1a nguén carbon cho hiéu
qua thap nhat, voi ham lugng 14n hoa tan chi dao
dong tr 125,79 dn 280,57 mg/L tuy theo
ngudn nitrogen.

Gia tri pH dao dong trong khoang 5,14 - 6,66.
Nhin chung, cac nghiém thirc c6 ham lugng lan hoa
tan cao thuong di kém véi gia tri pH thdp hon.
Chang han, t6 hogp glucose + (NH.4)SOs cho ham
luong 1an hoa tan cao nhat (800,07 mg/L) va dong
thoi ¢6 pH thap nhét (5,14), trong khi cac nghiém
thire sr dung NaNOs thuong c6 pH cao hon (6,04 -
6,66) va ham luong lan hoa tan thap hon. Tong thé,
dir liéu cho thiy glucose 1a ngudn carbon phu hop
nhit cho hoat dong hoa tan lan cua ching GC1.3,
trong khi (NH.)>SO4 1 ngudn nitrogen cho hiéu qua
cao nhat. T6 hop glucose va (NH4)2SOs duoc xac
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dinh 1a diéu kién t6i wu trong nghién ciru nay, thé
hién qua ham lugng lan hoa tan cao nhat trong tat ca
cac nghiém thtrc khao sat.

Nhiéu nghién ctru cho thay glucose két hop voi
cac dang nitrogen chira NH," 1a diéu kién t6i wu cho
qué trinh hoa tan lan. Cu thé, Han et al. (2012) ghi
nhén glucose tao ra ham lugng 1an hoa tan cao nhét
(khoang 618 mg/L), vugt trdi so v6i cac ngudn
carbon khac nhu fructose, maltose, sucrose hay
mannitol; mot sé ngudn nhu xylose ciing c6 hiéu qua
nhung thap hon. Twong tuy, Huong va ctv. (2018)
ciling xac dinh glucose 1a ngudn carbon pht hop nhat
cho chung Pseudomonas aeruginosa HD3 trong qua
trinh hoa tan phosphate. Bén canh d6, Agboola et al.
(2023) cho rang ngudn nitrogen anh huéng rd rét
dén hiéu qui hoa tan lan cua cic chung
Enterobacter, trong d6 cac dang nitrogen chira NH4*
dac biét 1a (NH4)>SO4 cho hiéu qua cao hon so véi
dang nitrate. Két qua nay phu hop vi nhéan dinh cua
Habte and Osorio (2012) cho ring nitrogen dang
amoni c6 kha nang lam giam pH méi trudng manh
hon so v6i nitrate, tir d6 thuc day qua trinh hoa tan
phosphate.

SHLLHT-(NH.):S04
OpH-(NHL):SO:

SHLLHT-NaNOs
©pH-NaNOs

BHLLHT-NH.Cl
* pH-NH.Cl

Maltose Mannitol Sucrose

Ngudn Carbohydrate (g/L)

Hinh 4. Anh hwong ciia cac ngudn carbohydrate
va nitrogen den pH va ham luwgng lan hoa tan

3.5. Aph hudng ciia FePOs va AIPO4 & cac
nong d¢ khac nhau

Két qua duoc trinh bay trong Hinh 5 cho thiy ca
dang phosphate v6 co va néng d6 phosphate déu anh
huong dang ké dén kha nang hoa tan lan cia ching
E. hormaechei GC1.3, thé hién qua ham lugng lan
hoa tan va sy thay d6i pH moi truong. Nhin chung,
ham lugng 1an hoa tan tang khi ndng d¢ phosphate
tang tir mare thap dén trung binh, sau d6 giam khi
tlep tuc tang ndng do, cho thay ton tai mot ngudng
nong d¢ thich hop cho qua trinh hoa tan lan. Déi voi
ngudn lan sit (FePOs), kha ning hoa tan lan coa
chung GC1.3 cao hon rd rét so voi ngudn 1an nhom
(AIPO4) & tit ca cac nong do khao sat. Ham luong
lan hoa tan ting tir 6,63 mg/L & nghiém thirc d6i
chung 1én cuc dai 142,96 mg/L tai ndng d6 0,30 g/L,
sau d6 giam xudng con 74,41 mg/L va 55,80 mg/L
tuong tmg & cac ndng do 0,45 va 0,60 g/L. Song
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song véi sy gia ting ham lugng 1an hoa tan, pH moi
truong giam tir 4,83 xudng 4,11, cho thiy qua trinh
acid hoa moi truong c6 thé dong vai trod quan trong
trong co ché huy dong phosphate tir FePOs.

Nguoc lai, ddi voi nguén lan nhom (AIPO.),
ham lugng 1an hoa tan dat thap hon dang ké, dao
dong tir 17,73 dén 25,31 mg/L & cac nghiém thic c¢6
bd sung phosphate. Gia tri cao nhit dugc ghi nhan
tai nong do 0,45 g/L vai 25,31 mg/L, sau d6 giam
nhe con 20,79 mg/L ¢ néng d6 0,60 g/L. Mic du pH
moi truong ciing giam tir 4,86 xudng 3,86 khi ndng
dd AIPOs ting nhung lugng phosphate hoa tan van
thap hon nhiéu so v6i FePOs. Diéu nay cho thay su
giam pH khong phai 1a yéu t6 duy nhat quyét dinh
hiéu qua hoa tan phosphate, ma con chiu anh hudéng
boi ban chat hoa hoc cia timg dang phosphate vo co
va kha nang tuong tac cua vi khuan véi cac phuc
chat kim loai twong tmg. Su suy giam ham luong lan
hoa tan & cac ndng do phosphate cao hon (0,45 -
0,60 g/L d6i voi FePOus va 0,60 g/L d6i véi AIPO.)
cho thiy viéc gia ting co chat vuot qua muc tdi uu
khong tiép tuc lam ting hiéu qua hoa tan. Hién
tuong nay c6 thé lién quan dén sy thay ddi can bang
hoa hoc ciia hé thdng hodc gisi han vé kha nang huy
dong phosphate ciia vi khuin trong didu kién
thi nghiém.

Két qua nghién ciru phi hop véi bao cao cua
Qingwei et al. (2023), trong d6 hiéu qua hoa tan cac
dang phosphate v6 co thuong duoc ghi nhan theo
thir ty Cas(PO4)2 > FePO4 > AIPO.. Téc gia cho rang
su khac biét nay xuat phat tir 46 bén lién két giira
phosphate va cac ion kim loai cling nhu kha nang
tao phirc cua cac acid hitu co dugc vi sinh vat tiét ra.
Tuong tw, Thy va ctv. (2021) ciing cho thiy kha
nang hoa tan phosphate phu thugc manh vao dang
phosphate bo sung va dic diém sinh 1y cua timg
chung vi sinh vat. Tuy nhién, muc d0 hoa tan gitra
cac dang phosphate c6 thé khac nhau tuy thudc vao
loai vi sinh vat, diéu kién méi trudng va co ché huy
dong phosphate dac trung cua tirng chung.

~HLLHT - AIPO«
OpH-AIPO.

HLLHT -FePO:
OpH-FePO.
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Tir két qua thu duoc co thé két luan ring chung
E. hormaechei GC1.3 c6 kha nang hoa tan FePOa
hiéu qua hon dang ké so v&i AIPOa, véi ham lugng
lan hoa tan cao nhit dat 142,96 mg/L tai ndng do
0,30 g/L. Ké qua nghién ctru cho thiy E.
hormaechei GC1.3 ¢6 kha nang hoa tan FePOs trong
diéu kién phong thi nghiém, cho thiy tiém nang huy
dong cac ngudn phosphate kho tan va cung cap co
s& cho cac nghién ctru tiép theo trong diéu kién dat
va trén cdy trong.

3.6. Anh hwéng nhiét d9 G va diéu kién nudi

ciy lic hodc tinh

Két qua dugc trinh bay ¢ Hinh 6 cho thiy nhiét
d6 va diéu kién nudi cay anh huong déng ké dén kha
nang hoa tan lan cla ching E. hormaechei GC1.3.
O ca ba muc nhiét do khao sat, diéu kién nudi lic
ludn cho ham lugng lan hoa tan cao hon so véi nudi
khong lac. Tai 25°C, ham luwong 1an hoa tan dat
802,67 mg/L trong diéu kién lic, cao hon khodng
2,2 14n so véi nghiém thirc khong lac (363,92 mg/L).
Xu huéng tuwong ty cling dugc ghi nhan & 30°C va
35°C, v6i ham lugng lan hoa tan 1an lugt dat 817,73
va 615,89 mg/L trong diéu kién l4c, trong khi chi dat
326,01 va 221,00 mg/L & diéu kién khong lc.

Trong diéu kién nudi lac, ham luong 1an hoa tan
dat cao nhit tai 30°C (817,73 mg/L), tuy nhién
khong khac biét y nghia théng ké so véi 25°C
(802,67 mg/L). Khi nhiét d6 tang 1én 35°C, ham
luong 14n hoa tan giam con 615,89 mg/L. Ddi véi
diéu kién khong lic, xu huéng giam theo nhiét do
thé hién rd hon, tir 363,92 mg/L & 25°C xubng con
221,00 mg/L & 35°C. Két qua nay cho thdy khoang
nhiét @6 25 - 30°C 1a didu kién phu hop nhit cho
hoat dong hoa tan 1an ctia chung GC1.3 trong nghién
ciru nay. Gia tri pH dao dong tir 4,91 dén 6,68.
Trong diéu kién nuoi léc, pH dat gia tri thép hon so
vi nghiém thirc khong lic & ciing nhiét do. Cu thé,
tai 25°C va 30°C, pH & nghiém thtc ldc 1an luot 1a
5,24 va 4,91, trong khi ¢ nghiém thuc khong l4c dat
6,32 va 5,16. Déng thoi, cac nghiém thuc c6 ham
luong 1an hoa tan cao thuong di kém véi gia tri pH
thdp hon. Tuy nhién, di liéu hién c6 chi cho phép
ghi nhén sy thay d6i dong thoi gitta pH va kha ning
hoa tan 1an, chua di co s& dé khang dinh mbi quan
hé nhéan qua hoac co ché tac dong cu thé.

Két qua cho thiy diéu kién nuéi lic ¢ khoang 25
- 30°C tao diéu kién thudn loi nhat cho hoat dong
hoa tan lan ctia E. hormaechei GC1.3, thé hién qua
ham luong 1an hoa tan cao hon dang ké so véi didu
kién khong lic. Diéu nay cho thay nhiét do va ché
d6 nudi cay 1a nhing yéu té can duogc xem xét khi
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t6i uu hoa qua trinh san xudt ché pham vi sinh hoa
tan lan tr chung GC1.3.

Két qua nghién ctru cia Mardad et al. (2014) cho
thiy kha ning hoa tan phosphate cua cac chung
thudc cac chi Pseudomonas, Bacillus, Enterobacter
va Acinetobacter giam dang ké khi nhiét do ting 1én
dén 45°C. Wang et al. (2022) cho ring diéu kién
nudi lic gitp gia tang hiéu qua hoa tan phosphate
nho tang cuong tlep xuc gitra vi khuan va co chat,
ddng thoi thiic day qué trinh acid hoa méi trudng.

* HLLHT - Lic
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Hinh 6. Anh hwéng nhiét d9 i va diéu kién nudi
cay dén pH va ham lugng lan hoa tan
4. KET LUAN

Két qua nghién ciru cho thay kha ning hoa tan
lan cta E. hormaechei GC1.3 chiu anh hudng boi
cac yéu té dinh dudng va didu kién nudi cdy, trong
d6 ngudn carbon, ngudn nitrogen, dang phosphate
kho tan, nhiét d¢ va ché d6 nuoi cay la nhimng yéu to
quan trong can dugc xem xét khi téi wu hoa hoat
dong cua chung vi khudn nay. Nghién ciru da gop
phan 1am 16 dic diém sinh 1y lién quan dén kha nang
huy dong lan cua E. hormaechei GC1.3 dugc phan
1ap tir ving r& lua hoang, dong thoi cung cép co s&
khoa hoc cho viéc lua chon diéu kién nu6i céy phu
hop nhim nang cao hidu qua hoa tan lan. Nhiing két
qua thu duoc c6 thé dy doan duoc tiém ning tmg
dung cua ching GC1.3 trong phat trién cac ché
pham vi sinh ho trg tang cuong kha nang sur dung
lan ciia cdy trong, gop phan giam phu thudc vao
phan bon hoa hoc va hudng téi nén nong nghiép bén
virng. Trong thoi gian téi, viéc danh gid hi¢u qué cua
chung GC1.3 trén céy lua trong diéu kién nha lugi
va déng rudng can tiép tuc dugc thuc hién; déng
thoi, kha ning ton luu, thich nghi va phét huy hoat
tinh trong cac diéu kién dat canh tac khac nhau ciing
can dugc nghién ctru dé 1am co sd cho vige phat trién
va mg dung thyc tién. Tuy nhién, can c6 thém
nhiing danh gia vé gen khang khang sinh, gen doc
luc va mtrc d6 an toan sinh hoc trudce khi tng dung
ra ngoai thyc té.
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