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(57) Séng ché @& cap dén phuong phap chon loc ching vi khuin dé st dung trong diéu
tri thiéu hut serotonin va/hodc bénh lién quan dén thiéu hut serotonin béng cach nudi céy
vi khudn thudc chung vi khudn Lactobacillus, trong cic didu kién hiéu khi, trong moi
truong nuodi cdy chira tryptophan. Serotonin bat ky duge san sinh boi vi khuén thudc chiing
vi khuin Lactobacillus trong moi truong nudi cdy duoc phét hién va ching vi khuan
Lactobacillus dugce chon la ¢6 hi€u qua trong diu tri thiéu hut serotonin va/hodc bénh lién
quan dén thiéu hut serotonin & dbi tuong néu serotonin dugc phat hién trong mdi trudng
nudi cdy. Sang ché con dé cép dén ching vi khuén san sinh serotonin.
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Linh vuwe ki thuit dwoc dé cap

Sang ché dé cap chung dén vi khuan sinh axit lactic, va cu thé hon dé cdp dén viéc
sang loc vi khuén sinh axit lactic d¢ sdn san sinh serotonin va st dung vi khuan sinh axit
lactic nhu vay trong diéu tri thi€u hut serotonin va trong di€u tri cac roi loan va bénh lién

quan dén thiéu hut serotonin.
Tinh trang k§ thuit cia sang ché

D3 x4c dinh ro rang ring su twong tac gitta vat cha va hé vi khuan duong rudt la co
s& cho strc khoe va hanh phiic ctia vat chi. Hé vi khuan duong rudt sinh ra cac chat chuyén
hoa khong nhitng cung cap chat dinh dudng cho vét chii ma con c6 thé tham gia vao déap

mg mién dich va diéu hoa va phat trién hé mién dich cua vét chu.

Lactobacilli va cac vi khudn sinh axit lactic khdc nhu bifidobacteria thudong dugc
dung lam probiotic trong nhiéu loai thuc pham, vi du nhu sita chua. Sy sinh truong va xam
chiém cua vi sinh vat c¢6 hai c6 thé duoc ngin chin boi cac vi khudn sinh axit lactic nay
nho sy xdm chiém cua chinh ching bén trong hé sinh thai dudng rudt, chang han thong
qua su hinh thanh cac mang sinh hoc, thong qua su canh tranh cac chét dinh dudng c6 sin
va/hodc thdng qua sy sdn sinh céc co chét dic hiéu nhu hydro peroxit, khang sinh vi khuén

va/hodc axit hitu co ,bao gdom axit lactic va axit axetic, lam giam do pH cua rudt.

Serotonin, hoic 5-hydroxytryptamin (5-Ht), la mdt amin sinh hoc dugc tdng hop tir
axit amin thom tryptophan, c6 mdt vai chitc ndng sinh ly bao gbm vé hanh vi, kich hoat va
ngung tap tidu cAu, van chuyén dudng rudt, trudng thanh, phat trién, cAn bang ndi moi va
hoat dong ctia hé than kinh rudt (enteric nervous system - ENS), hoat dong ctia hé mién
dich dudng rudt, chuyén hoéa ning lugng (thich Gng khi d6i, hoa nau va phan giai lipit cia
md md, san xuit glucoza & gan, tiét insulin), hoat dong ctia truc rudt - ndo va chuyén hoa
xuong va can bang ndi mbi. O nguoi, serotonin dugc tim thdy chu yéu trong duong da day-
rudt (gastrointestinal - GI), trong tidu cAu clia mau, va trong hé than kinh trung wong
(central nervous system - CNS). Trong té bao dong vat c6 vi, su san sinh serotonin duoc

kich hoat bdi enzym gidi han ty 1& tryptophan hydroxylaza (TPH), ma tao ra 5-



42511 6

hydroxytryptophan (5-HTP). 5-HTP 1a tién chét trung gian ctia serotonin va dugc chuyén
hoéa thanh serotonin béi enzym axit amin L thom decarboxylaza (aromatic [-amino-acid
decarboxylase - AADC). C6 hai ddng phan cua TPH; TPHI1 dugc bidu hién chu yéu & cac
mo ngoai vi, trong khi d6 TPH2 dugc biéu hién chu yéu & ndo (CNS) va trong céc noron
ENS. TPH1 14 enzym chiu trach nhiém cho hiu hét su san sinh serotonin ndi sinh, va
enzym nay dugc bidu hién béi té bao ndi tiét chuyén hoa cao trong dudng GI, goi 12 té bao
enterochromaffin (EC). P4 dugc chiing minh 16 rang rang hé vi khuan duong rudt tham
gia vao viéc diéu hoa su san sinh serotonin ndi sinh & vat chu bang cach truyén tin hiéu
chuyén héa dén té bao EC. Cac chit chuyén hoa, ching han céc axit béo mach ngan va axit
mat thir cép, tr hé vi khuén duong rudt da duge thdy 1a gy ra su biéu hién cua TPHI1 & té
bao EC ctia chudt, va tuong tmg 13, murc serotonin dugc sén sinh noi sinh dugc diéu hoa
tryc tiép boi céc vi khudn nay. Két qua 13, m&c serotonin trong huyét thanh bi gidm déng
ké & chudt dugce nudi trong diéu kién khong c6 sy khu trl cta vi khuén, chang han & chudt
khong c6 vi sinh vat (germ-free - GF) so v6i ¢ cac dong vat dbi ching c6 su khu trai cua

hé vi khudn thong thuong.

Thiéu hut serotonin x4y ra khi co thé khong c6 du serotonin, diéu nay c6 thé xay ra
vi mot ) ly do. Thiéu hut serotonin cuc by & rudt hodc & co quan con lai gy ra céc tinh
trang bénh ly bao gbm trAm cam, lo u, rdi loan 4m anh - cudng ché, hoi chimg rudt kich
thich, bénh tim mach, ching loang xwong, nhu dong dudng tiéu hoa bt thuong, ngung tap
tiéu cau bat thuong, kich hoat tidu cAu bat thudong, va dap ng mién dich bét thuong. Do
do, thiéu hut serotonin dua dén nguy co vé stre khoe. Cac thude khac nhau da duge phat
trién dé diéu tri thiéu hyt serotonin, chéng han céc thudc e ché tai hép thu seretonin co
chon loc (selective serotonin reuptake inhibitor - SSRI) va thudc trc ché monoamin oxidaza
(MAO). Tuy nhién, cac thudc nay thuong di kém véi nhiéu hodc it tdc dung phu nghiém
trong, ching han tiéu chay, to bon, mét ngtl, chong mit, va kho miéng. Ngoai ra, cac thude
nay khong phd hgp cho moi nguoi va SSRI, ching han, khong nén dung cho phu nit ¢6
thai, khi cho con bu, ngudi dudi 18 tudi, ngudi méc bénh tiéu duong, dong kinh, hogc bénh
than. Ngoai ra, ca SSRI va thude e ché MAO c6 thé tuong tac voi cac thudc khac, chéng
han céc thube giam dau, thude chéng trAm cam khac, ciing nhu cc thude diéu tri cam lanh
va di tng, va do do co thé gdy ra phén Ung c6 hai nghiém trong. Cac thudc e ché MAO
cling co thé tuong tac voi mot sd thue phdm va d6 ubng gay ra huyét 4p cao nguy hiém.

Céc dac tinh nay lam cho cac thubc diéu tri thiéu hut serotonin da biét khong phu hop cho
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nhém 16n cac bénh nhan va do d6 ¢6 nhu cau cao ve viéc duara cac thudc diéu tri thay thé
¢ hiéu qua doi vai tinh trang thicu hut serotonin, hoic cac roi loan di kém véi thieu hut

serotonin co it hodc khong co tac dung phu.

Cung véi d6, c6 nhu céu vé cac phuong phap an toan ¢o thé 1am tdng muc serotonin
& cac bénh nhan mic thi€u hyt serotonin va c6 thé dugc st dung trong dicu tri thiéu hut

serotonin va cac bénh hodc rdi loan lién quan dén thiéu hut serotonin.
Ban chat ky thuit ciia sang ché

Muc dich chung 12 sang loc céc chung vi khuén san sinh axit lactic dé st dung trong

didu tri thiéu hut serotonin va/hodc bénh lién quan dén thi€u hut serotonin.

Muc dich cu thé 14 sang loc cac chung vi khuan san sinh axit lactic c6 kha ndng san
sinh serotonin cuc bd trong dudng tiéu héa & nhiéu ngach dugc oxy hda cua rudt, chang

han gan niém mac.

Muc dich nay va cac muc dich khac dugc dap img boi cac phuong an dugc boc 10

trong sang ché.

Sang ché dugc xdc dinh & cac diém yéu cau bao ho doc lap. Céac phuong an khac

ctia sang che dugc xac dinh ¢ cac diem yéu cau bao ho phu thude.

Mot khia canh ctia cac phuong an dé xuit phuong phép chon loc ching vi khuén dé
stir dung trong diéu tri thiéu hut serotonin va/hodc bénh lién quan dén thiéu hut serotonin.
Phuong phép nay bao gbm budc nudi cdy, trong cic diéu kién hiéu khi, vi khuan thudc
ching vi khuan sinh axit lactic trong mdi truong nudi cAy chira tryptophan. Phuong phép
nay con bao g0m budc phat hién serotonin bét ky duoc san sinh bi vi khuén thudc ching
vi khuén sinh axit lactic trong méi truong nuoi ciy hodc miu cua nd. Phuong phap nay
con bao gdbm budc chon loc ching vi khuén sinh axit lactic ¢6 hiéu qua trong diéu tri thiéu
hut serotonin va/hodc bénh lién quan dén thiéu hut serotonin & d6i twong néu serotonin

duoc phat hién trong moi truong nudi cdy hodc mau cia no.

Mot khia canh khac cla cac phuong an dé xuit phuong phéap chon loc ching vi
khuan dé st dung trong didu tri thiéu hut serotonin va/hodc bénh lién quan dén thiéu hut
serotonin. Phuong phap nay bao gdm viée cho d6i twgng Tphl-/- khong co vi sinh vat dn
vi khudn thuoc chung vi khuan sinh axit lactic. Phuong phép nay con bao gdm budc phat

hién serotonin bat ky dugc san sinh boi vi khuén thudc chung vi khuén sinh axit lactic

o}
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trong mau co thé 14y tir d6i twgng Tphl-/- khong c6 vi sinh vat. Phuong phéap nay con bao
gﬁ“)m budc chon loc ching vi khudn sinh axit lactic ¢6 hiéu qua trong didu tri thiéu hut
serotonin va/hodc bénh li€én quan dén thiéu hut serotonin & dbi tuong néu serotonin duoc

phét hién trong mau co thé.

Mot khia canh khéc ctia cc phuong 4n dé xuat chung vi khuan sinh axit lactic co
kha ning san sinh va giai phong serotonin ngoai bao trong c4c diéu kién hicu khi dé su
dung trong di€u tri thicu hut serotonin va/hodc bénh lién quan dén thicu hut serotonin ¢

d6i tuong.

Céc khia canh khéc cta cac phuong an d& xuét Lactobacillus mucosae DSM 33291,
Lactobacillus mucosae DSM 33292, Lactobacillus mucosae DSM 33293, Lactobacillus
mucosae DSM 33661, Lactobacillus reuteri DSM 33509, Lactobacillus reuteri DSM
33632, Lactobacillus reuteri DSM 33633, Lactobacillus reuteri DSM 33634,
Lactobacillus reuteri DSM 33635, Lactobacillus plantarum DSM 33295, va Lactobacillus
plantarum DSM 33662 va viéc st dung ching lam thude va dé str dung trong diéu tri thiéu

hut serotonin va/hodc bénh lién quan den thiéu hut serotonin.

Céac chung vi khudn san sinh axit lactic dugc chon loc theo cac phuong én o thé
san sinh serotonin trong hé tiéu hoa cta dong vat co6 vu. Cu thé, cac ching vi khuan sinh
axit lactic duoc chon loc theo sang ché ¢6 kha ning san sinh serotonin trong diéu kién ¢
nhiéu ngach dugce oxy hoa cta rudt, vi du gﬁn 16p dém bidu md cua rudt noi cac thu thé
serotonin va/hodc chat van chuyén serotonin (serotonin transporter - SERT) duoc biéu hién
va cling 1a noi c6 cac té bao ndi tiét rudt, chéng han té bao enterochromaffin. Serotonin
duoc san sinh boi vi khudn nay c6 hoat tinh sinh hoc va c6 tac dung cyc bo trong duong
tiéu hoa nhung cling cd t_hé c6 tac dung ngoai vi dbi v6i hé tiéu hoa. Do do, serotonin duge
san sinh bdi cac ching vi khuén trong rudt c6 thé duoc st dung trong didu tri thiéu hut

serotonin va/hodc bénh lién quan dén thiéu hut serotonin ¢ doi tuong.
Mo ta van tat cac hinh vé

Céc phuong 4n nay, cung vdi cac muc dich va uu diém khéic cta chung, c6 the duoc
hidu r5 nhat bing cach tham chiéu dén phan mo ta sau day cung voi cac hinh v& kem theo,

trong do:
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Fig.1. P4nh gi4 sy san sinh serotonin boi cac chung vi khuén san sinh axit lactic.
(A) Cac mic serotonin do dugc trong moi truong nudi cdy (canh trudng) clia cac ching vi
khudn Lactobacillus reuteri, Lactobacillus plantarum, Lactobacillus casei, va
Lactobacillus acidophilus sau khi nudi ciy chung trong céc diéu kién ky khi va hiéu khi
trong canh truong decarboxylaza (DECT) bién dbi boi tryptophan. T4t ca cac ching vi
khuén L. reuteri dugc thit nghiém déu duogc thiy 1a san sinh serotonin trong cac diéu kién
ky khi, va chung dugc thay 1a san sinh serotonin thdm chi la nhidu hon trong céc diéu kién
hiéu khi, trong khi d6 khong thdy c6 su san sinh serotonin béi cdc ching vi khudn L.
plantarum 36E, L. casei LMG 6904, va L. acidophilus ATCC 4365 ¢ diu kién bét ky
trong cac didu kién twong ung in vitro. Ty 1€ gitta san sinh serotonin hiéu khi va ky khi
duoc tinh d6i v6i mdi ching vi khudn. T4t ca céc ching vi khuan L. reuteri duge nghién
cttu déu 1a céc chung san sinh serotonin t5t hon trong céc diéu kién hiéu khi in vitro so voi
trong cac diéu kién ky khi. (B) Nong dd serotonin trong huyét thanh dugc do trong céac
mau méu thu dugc tir 1inh mach chi cua chudt Tphl-/- khdng cb vi sinh vét (GF), va tu
chudt Tphl-/- GF dugc cho an (dugc céy) L. reuteri DSM 17938, L. reuteri DSM 27131
hodc L. casei LMG 6904 (n=3-6/nhém). Dt liéu trén dd thi duoc trinh bay dudi dang cic
biéu dd hop, va mdi chim biu thi mot con chudt, thé hién pham vi 16n nhét, nhé nhit,
trung binh va khoang t phan vi. Db thi nay thé hién ring cic mic serotonin, rat thip &
cac con chudt Tphl-/- GF, dugc phuc hdi & cac con chudt nay sau khi cly bang cac ching
vi khuan L. reuteri. Tuy nhién, khong quan sat thdy su ting muc serotonin trong cac mau
huyét thanh thu duoc tir cdc con chudt dugce Vcéy béng L. casei LMG 6904, chi ra réng
chiing vi khudn nay khong san sinh serotonin in vivo. Mirc d6 chuén ctia mdi nhom duge
phan tich truge khi danh gid y nghia thdng ké bing kiém dinh t Student (néu dit liéu dugc
phan bd binh thudng) hogc kiém dinh Mann-Whitney. Khi so sanh nhidu hon hai nhém,
dit liéu dugc phén tich nho st dung Anova mot chidu sau @6 1a céc kiém dinh da so sanh
post hoc Tukey néu dit liéu dugc phéan b binh thudng, néu khong thi kiém dinh Kruskal-
Wallis sau d6 1 da so sanh post hoc Dunn dugc thyc hién. Muc ¢6 y nghia théng ké duoc
dat & *p<0,05.

Fig.2 Serotonin dugc san sinh bdi vi khuén c6 tac dung cuc bd trong dudng tiéu hoa
va 1 quan trong cho sy truong thanh ctia hé than kinh ruot (enteric nervous system - ENS)
va sy phan b day thén kinh trong héc trong rudt két gan. Cac dd thi minh hoa ving duong
tinh vé1 serotonin trong ddm r6i than kinh co doc rudt két (LMMP) (A, D); ving duong
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tinh v6i PGP9.5 cta hdc trong rudt két (B, E); va vang duong tinh v6i TUJ1 trong héc
trong rudt két (C, F). (A-C) GF trong céc dd thi biéu thi cac con chudt Tphl-/- khong c6
vi sinh vat; CONV-D 3d va CONV-D 14d 14n lugt biéu thi cdc con chudt 7ph-/- khong
¢6 vi sinh vat dugc cdy bang manh trang chudt Tphl+/+ trong 3 hodc 14 ngay; CONV-R
biéu thi cac con chudt Tphl-/- c6 hé vi khudn binh thuong; va DECT-colonized 14 d biéu
thi cac con chudt Tphl-/- khong c6 vi sinh vat dugc cdy bang cic chét trong manh trang
chudt, da dugc nudi cdy trong 48 gios trong DECT trude khi cdy (n=3-6/nhém). Céc két
qua trong D-F biéu thi dit liéu thu duoc tir chudt GF Tphl-/-, vao 14 ngay sau khi ciy bang
L. reuteri DSM 27131 hodc L. casei LMG 6904 (n=3-6/nhom). (A) Dit liéu nay thé hién
rang viéc cdy bang hé vi khudn trong manh trang chudt 1am ting mtc serotonin trong cac
noron rudt cta rudt két gn so véi mirc serotonin trong ENS cua chudt GF Tphl-/-. Cac
mtc serotonin trong ENS sau 3 ngay dugc phuc hdi gin dén mirc twong tu nhu & chudt
CONV-R. (B, C) Dit liéu cin thé hién réng su ¢6 mat ctiia hé vi khuén trong manh trang
chuot trong duong tiéu héa lam ting céc dAu chuén da dugc xé4c dinh rd cia cac noron rudt
truéng thanh (PGP9.5 va Tujl). Dit liéu ¢ D thé hién ring cac murc serotonin ciing dugc
ting 1én trong cac noron rudt cua rudt két gan sau khi cdy bang ching vi khuén probiotic
don, L. reuteri DSM 27131, trong khi L. casei LMG 6904 khong ¢6 tac dung dbi véi cac
muc serotonin trong noron rudt. Ngoai ra, viéc ciy bang L. reuteri DSM 27131 lam ting
su trudng thanh ctia cac noron rudt, nhu dugc thay boi cac diu chudn PGP9.5 va Tujl (E,
F), trong khi L. casei LMG 6904 khong c6 tic dung trén hai dAu chuén nay doi véi su
trudng thanh clia noron rudt. Di liéu duge trinh bay trong cac biéu dd hop thé hién pham
vi 16n nhét, nho nht, trung binh va khoang tit phéan vi. M3di chidm biéu thi mot con chudt.
Mirc d6 chuin ctia mdi nhém duge phan tich truée khi danh gia y nghia thong ké bing
kidm dinh t Student (néu dit liéu dugc phan bd binh thuong) hodc kiém dinh Mann-
Whitney. Néu so sanh nhiéu hon hai nhém, dit liéu dugc phén tich nho sit dung Anova
mot chiu sau d6 1a cac kiém dinh da so sanh post hoc Tukey néu dir liéu dugc phan bd
binh thuong, néu khong thi kiém dinh Kruskal-Wallis sau do 1a da so sdnh post hoc Dunn
duoc thuc hién. Miic c6 y nghia théng ké dugc dat o *p<0,05; **p<0,01.

Fig.3 Su san sinh serotonin bdi cdc ching vi khuén dugc phan 1ap tir ngudi cho.
Trong tong s6 199 ching phan 14p thu dugc tir hai nguoi cho, 24 ching phén lap, nhu thé
hién trong dd thi, duoc thiy 1 san sinh serotonin céc diéu kién ky khi va/hogc hiéu khi in

vitro. Tong s6 sau chiing phan 1ap tr ngudi cho #1 va mot ching phén 1ap tur nguoi cho #2
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duoc thiy 12 san sinh nhiéu hon 1 nM serotonin trong canh truong DECT trong cac didu
kién ky khi in vitro, trong khi ca sau ching phan 1dp tir nguoi cho #1, va 15 ching phan
14p tlr nguoi cho #2 san sinh nhiéu hon 1 nM serotonin trong cac didu kién hiéu khi. Thu
vi 13, phan 16n c4c chung nay dugc thdy 14 san sinh serotonin trong cac diu kién hiéu khi
nhiéu hon gan gp hai 1An so v6i trong cac diéu kién ky khi. Phén tich giai trinh tw nhén
dang chiing phéan l4p san sinh serotonin la cdc chung L. mucosae (n=13), L. plantarum
(n=6), va Enterococcus (n=1). Bén ching phan 1ap khong thé nhan dang duoc, nhung cac
ching phén 1ap nay cé mbi quan hé gén giii v6i céc ching vi khuan Escherichia, Shigella,

hodc Brenneria.

Fig.4 Cac chung vi khuin & ngudi duge phéan 1ap chon loc sén sinh serotonin chire
ndng in vivo. Hai trong s6 cic chung vi khudn duge phén 1ap tir nguoi cho, duge thiy 1a
san sinh serotonin in vitro trong ca diéu kién ky khi va hiéu khi, L. plantarum DSM 33662
va L. mucosae DSM 33661, duoc chon loc va st dung daé céy cho chudt Tphl-/- khong cod
vi sinh vat. Dd thi thé hi¢n rang cac ching vi khuén nay lam tdng cdc muc serotonin in
vivo, ca cuc b) trong long 6ng rudt (A) va con trong tudn hoan toan than (cac mau huyét
thanh) (B) khi so v6i cdc mirc phat hién trong chu¢t Tphl-/- khong co vi sinh vat. Ngoai
ra, c4 hai ching déu lam ting ving dwong tinh véi serotonin trong ENS ctia rudt két gan
(C). Céc chung vi khudn nay do d6 c6 kha nang lam tdng cic mirc serotonin cuc bo trong
long dng rudt (manh trang) in vivo va serotonin dugc san sinh cuc bd nay c6 hoat tinh sinh
hoc va co thé dugc van chuyén vao hé tudn hoan toan than (huyét thanh) va vao cac noron
cua hé than kinh ruét ctia rudt két gﬁn. Dit liéu du’qc trinh bay trong cac bibu dd hop thé
hién pham vi 16n nhét, nho nhét, trung binh va khoang tir phén vi. M3di chidm biéu thi mot
con chudt.

Fig.5 1a luu d6 minh hoa phuong phap chon loc chung vi khuén theo mot phuong
an.

Fig.6 1aluu dd minh hoa céc budc tiy ¥ bd sung cho phuong phap thé hién trén Fig.
5 theo mot phuong éan.

Fig.7 1a luu dd minh hoa mét budc tuy ¥, bd sung cho phuong phéap thé hién trén

Fig. 5 theo m¢t phuong an.
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Fig.8 1a luu dd minh hoa phuong phap chon loc ching vi khuén theo mot phuong

an khac.

Fig.9 Hai ching Lactobacillus reuteris ma khong sinh truong tbt trong cac didu kién
hiéu khi, ching A va chung B, dugc thir thich bang oxy trong qué trinh nuoi cdy dé tién
hoéa thanh cac ching méi chiu dugc oxy hon. Hai chung méi, L. reuteri DSM 33632 va
DSM 33634, c6 ngudn gbc 1an lugt tr ching A va chiing B, dugce nhén dang bing phwong
phap ndy. Su sinh trudng boi cac ching vi khuin dugc xé4c dinh bang cach do mat do quang
(optical density - OD) ¢ 24 gi0 nudi cdy, va ci hai ching méi dé cai thién déng ké OD
trong céc didu kién hiéu khi khi so véi céc ching (A). Sw cai thién sinh truong nay 6n dinh
cho t¢ 100.thé hé (B, C). Céc chung vi khudn méi, chiu dugce oxy hon nay duoc thir thach
tiép bang mot sb vong ung xuét oxy nira dé tiép tuc tién hoa thanh cdc chung chiu duoc
oxy tot hon nita, va con v6i mot bude dong kho bd sung va stress bédo quan tang. Cac budce
stress bd sung nay dua dén viéc nhan dang va chon loc hai ching vi khu4n méi bd sung,
L reuteri DSM 33633, c6 ngudn gbe tir DSM 33632, v L. reuteri DSM 33635, c6 nguon
géc tir DSM 33634. Hai ching méi nay thé hién céc dic tinh sinh trudng dugce cii thién
mdt chut trong cac didu kién hiéu khi khi so véi DSM 33632 va DSM 33634, cling nhu
cac dic tinh sinh truéng dugc cdi thién dang ké trong cac diéu kién hiéu khi khi so véi

ching A va ching B (D).

Fig.10 thé hién kha nidng bam dinh vao chét nhiy cta cac chung vi khuén sinh axit
lactic san sinh serotonin L. reuteri DSM 27131, DSM 32465, DSM 33632, DSM 33633,
DSM 33634, DSM 33635, va DSM 33509, L. mucosae DSM 33291, DSM 33292, DSM
33293, va DSM 33661, va L. plantarum DSM 33662. L. reuteri DSM 27131, ¢6 kha ning
sin sinh serotonin trong cac diéu kién hiéu khi in vitro va c¢6 thé gbp phan vao nhém
serotonin toan than in vivo, cling c6 kha ning gén vao chét nhay (A, B). Su bam dinh vao
chét nhay ciing dugc th 4y & tit ca cac chung khic dugc thir nghiém L. reuteri, L. mucosae
va L. plantarum (A, B). Cac két qua nay chi ra rang cac ching vi khuén séan sinh serotonin
cling c6 thé gan vao niém mac rudt.
MB& ta chi tiét sang ché

TPHI1 12 enzym chiu trach nhiém cho viéc san sinh serotonin noi sinh trong dudng

tiéu hoa. Mic du vay, vAn con mdt it serotonin khi gen Tphl duge loai bd & mo6 hinh chuot

(tirc 13, tao ra chudt Tphl-/-), cho thdy ring mdt phan serotonin khong dugc sin sinh bdi
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co ché qua trung gian TPH1 ndi sinh. Céc tic gid sang ché ¢ day da ngac nhién phat hién
ra rang khi tai tao ra chudt Tphl-/- duéi dang khong c6 vi sinh vat (tirc 1a, cac con vét thiéu
hé vi khuén duong tiéu hoa), ching gﬁn nhu hoan toan khong c6 serotonin. Phat hién ngac
nhién tiép theo 14 viéc cdy cho cac con chudt Tphl-/- khong c6 vi sinh vt béng hé vi khuin
rudt cua chudt kiéu dai hodc ching vi khuén Lactobacillus sin sinh serotonin 12 du dé phuc
hdi mirc serotonin & rudt. Cac phat hién moi nay d2 xuét rang vi khuan trong dudng tiéu
hoa binh thuong khong chi ¢6 kha nang dnh hudng dén su san sinh serotonin noi sinh (cta
vat chi), nhu da biét trudc do, ma ngac nhién 1& chung con c6 kha ning tu san sinh
serotonin cuc bd trong dudng tiéu hoa. Sau do, cac tac gia sang ché da phat hién ra rang
mdt s ching vi khuén sinh axit lactic nhét dinh c6 kha ning san sinh serotonin trong ca
didu kién ky khi va hiéu khi in vitro. Ngoai ra, d6i v6i mot s chung nhat dinh, su san sinh
serotonin duoc cai thién rit 16n trong céc didu kién hiéu khi so vé&i su san sinh serotonin
trong céac diéu kién ky khi. Do do6, sang ché dya vao phat hién réng mot sd chung vi khuén,
cu thé 12 mot s ching vi khuan sinh axit lactic nht dinh, thuong 1a ky khi, ¢6 thé san sinh
serotonin trong cac didu kién hiéu khi. Do d6, muc dich 1a sang loc va chon loc vi khuén
nhu viy c6 kha ning san sinh va giai phong serotonin ngoai bao trong cac diéu kién hiéu
khi. Cac vi khuén nay c6 kha ning san sinh va giai phong serotonin ngoai bao trong didu
kién ky khi, cu thé 14 dugc lam thich nghi dé san sinh va giai phong serotonin cuc bd trong
duong ti€u hoa cua d6i twong, ching han trong cdc ngach dugc oxy hoa nhiéu hon cta rudt
gan niém mac/16p dém biéu mo cta rudt. Tai cac ngach duge oxy hoa nhiéu hon nay cia
rudt, cé cac t& bao noi ti &t rudt, chéng han té bao enterochromafﬁn, va cac thu thé serotonin
va/hodic chét van chuyén serotonin (SERT) dugc bidu hién. Chung vi khuan duoc chon loc
bét ky t6t hon 12 ¢6 kha niang bam dinh vao niém mac, hodc it nhét 12 c6 mit o, hoic gﬁn,
niém mac noi ma ching dwoc tiép xuc véi ap suét riéng phin oxy tuong dbi cao, 1a dic

trung ctia cac ngach duge oxy héa cuia dudng ti€u hoa.

Viéc sang loc céac vi khudn nay c6 thé duge thyuc hién in vifro bang cach nuodi cly
céc chang vi khudn san sinh axit lactic trong céc diéu kién hiéu khi hogc trong céc diéu
kién ky khi va hiéu khi va chon loc vi'khudn duoc xac dinh 13 chi c¢6 kha ning séan sinh
serotonin trong cac diéu kién hiéu khi, hodc trong ca diéu kién ky khi va hiéu khi. Sau d6
cac vi khuén dugc chon loc, khi dugce dung cho dbi tuong, dugc dung dé san sinh serotonin
cuc bo trong duodng ti€u hoa cua ddi twong dé lam ting mtrc serotonin & d6i twong bi thiéu

hut serotonin hodc mac bénh hogc roi loan lién quan dén thicu hut serotonin.
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Viéc sang loc vi khuén nay cling c6 thé duoc thuc hién in vivo nhd st dung a6i
tuong 1a dong vat c6 va Tphl-/- khdng 6 vi sinh vat (GF) dugc cho &n céc chung vi khudn
sinh axit lactic. Su san sinh serotonin béi chiing vi khudn sinh axit lactic trong duong tiéu
héa cta d6i tugng Tphl-/- GF sau do co thé duoc danhh gia hodc phén tich trong mau co
thé 14y tir dbi twong Tphl-/- GF 8 xac dinh xem ching vi khuan sinh axit lactic nay c6
hiéu qua trong didu tri thiéu hut serotonin hodc bénh hodc r6i loan lién quan dén thiéu hut

serotonin.

‘Hon nita, serotonin dugc san sinh boi vi khuén c¢6 hoat tinh sinh hoc va ¢6 tac dung
khong chi & cuc bo trong dudng tiéu hoa ma con duge van chuyén qua 16p dém biéu mo
ctia duong ti€u hoa vao hé tuAn hoan toan than noi n6 c6 kha ning tac dong ngoai vi d6i
vGi hé tiéu hoa, tire 13, ¢6 tic dung toan than. Pé serotonin dugc san sinh boi vi khuin dén
duoc hé tudn hoan toan than, tét hon 12 su san sinh serotonin dién ra gén niém mac rudt va
biéu md rudt, noi cé muc oxy cao hon binh thudng so véi trong long dng ruot. Do do, theo
mot phuong 4n cu thé, vi khuén san sinh serotonin dugc chon loc theo cac phuwong an tbt
hon 1a cling ¢6 kha nang bam dinh vao chit nhay trong cdc ngach dugc oxy hoéa nhiéu hon
cta duong ti€u hoa, hodc it nhAt 12 c6 mit tai hoiic gﬁn niém mac, va/hodc cling co thé xam
thuc vao niém mac cla duong tiéu hoa, dam bao trang thai gin gitta vi khudn va té bao
biéu mo clia duong tiéu hoa.

Ngoai ra, néu dugc san sinh gﬁn t& bao biéu md cua dudng tiéu hda, serotonin duoc
san sinh bdi cac ching vi khuan san sinh axit lactic c6 kha ning tac ddng cuc bd & chinh
duodng ti€u hoa, ching han tac dong dén su trudng thanh cua, va su giao tiép bén trong, hé
than kinh ruot (ENS). ENS gbm c6 t& bao thin kinh dém va té bao thin kinh ndm trong 16p
dém cua duong tiéu hda, va hé than kinh nay chiu trach nhiém, chﬁng han, cho su diéu
khién van dong cua hé tiéu hoa va cho su tiét cac enzym tiéu hoa. Ngoai ra, hé than kinh
nay giao tiép thong qua nhiéu chét din truyén than kinh, tvong tu nhu giao tiép trong hé

than kinh trung wong, bao gbm thong qua axetylcholin, dopamin, va serotonin..

Céc chung vi khuan san sinh axit lactic san sinh serotonin trong dudng tiéu hoa do
d6 c6 thé duge sir dung dé diéu tri thi€u hut serotonin va/hodc roi loan va bénh lién quan

dén thiéu hut serotonin cuc bd trong dudng tiéu héa, ma con & cac bd phéan khéc trong co

10



42511 s

thé khi serotonin dugc van chuyén qua 1&p dém tiéu hoa vao hé tuan hoan toan than va tiép

tuc vao cac md ngoai vi.

Cac chung vi khuan san sinh axit lactic, con dugc goi 1a cac chung vi khuén sinh
axit lactic, la cac vi khuén gram duong, GC thép, chiu axit, n6i chung khong tao bao tu,
khong ho hép va co dang hinh que hodc ciu ma c6 kha ning san sinh axit lactic 1a san
pham chinh cubi ctia qua trinh chuyén hoa 1én men hydrat cacbon. Vi khuén sinh axit lactic
sinh truéng ky khi, nhung khong gidng nhu hau hét cac vi khuén ky khi, ching cling ¢6
kha pang sinh trudng khi 6 mit oxy la vi kh uén ky khi chiu hiéu khi, hodc chiu oxy tuong
d6i. Vi khudn sinh axit lactic thuong dugc thira nhan 14 an toan (GRAS) va bao gdm cac
chi trong bd Lactobacz’l!aies, bao gém Lactobacillus, Leuconostoc, Pediococcus,
Lactococcus va Streptococcus, ngoai Aerococcus, Carnobacterium, Enterococcus,
Oenococcus, Tetragenococcus, Vagococcus, Va Weissella, va ca chi Bifidobacterium trong

bd Bifidobacteriales.

Trong nhing thap ky qua, cac cong cu phén tich méi di cho phép cac nha khoa hoc
kham phd ra nhiéu loai vi khudn mdi cling nhu nhdn ra ring céc loai trong lich sir duoc
nhom véao Lactobacillus quéa khac biét vdi nhau. D& gitt cho cdc nhém probiotic ding va
¢6 to chire, chi Lactobacillus do d6 chia thanh 25 chi khéac nhau. Két qua 1, nhidu probiotic
g?m day da duogc dit tén chi moi. Do d6, mot tén goi khac cua chi cho Lactobacillus reuteri
13 Limosilactobacillus reuteri, mdt tén goi khéac cta chi cho Lactobacillus mucosae la
Limosilactobacillus mucosae, mot tén goi khéc cua chi cho Lactobacillus plantarum 1a
Lactiplantibacillus plantarum, va mdt tén goi khdc cua chi cho Lactobacillus casei 1a

Lacticaseibacillus casei.

Fig.5 1a luu dd minh hoa phuong phéap chon loc chung vi khuén dé sir dung trong
didu tri thiéu hut serotonin va/hogc bénh lién quan dén thiéu hut serotonin. Phuong phap
nay bt diu & bude S1, bao gdm nudi cdy vi khuén thude ching vi khuén sinh axit lactic,
trong cac diéu kién hiéu khi, trong moi truong nudi cAy chira tryptophan. Budc tiép theo
$2 gora phét hién serotonin bét ky duoc san sinh boi vi Kkhuén thudc chimg vi khuan sinh
axit lactic trong méi trudng nudi cAy hodc mau coa né. Phuong phdp nay con bao gom
chon loc, trong bude S3, chiing vi khuin sinh axit lactic co hiéu qua trong ditu tri thidu
hut serotonin va/hodc bénh lién quan dén thiéu hut serotonip. & dbi trong néa serotonin

dugc phat hién trong méi trudng nudi cdy hodc mAu cua no.
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Do d6, vi khuén nhu vay dugc chon loc dya trén viée chung c6 khé ning san sinh
serotonin trong diéu kién cta cac ngach dugc oxy hoa nhiéu hon cua rudt, vi du, gﬁn niém
mac duong tiéu hoa va 16p dém biéu mé cia rudt noi céc thu thé serotonin va/hodc cac
chét van chuyén serotonin (SERT) duogc biéu hién va cling 1a noi c6 céac té bao ndi tiét ruot

dic biét, ching han té bao enterochromaffin.

Phuong phéap chon Ioc dugc thé hién trén Fig.3 bao g6m nudi cly va kiém tra cac
ching vi khuin san sinh axit lactic trong méi truéng nuodi ciy chira tryptophan. Tryptophan
la nguyén liéu ban dau trong quéa trinh san sinh serotonin. Cu thé hon, tryptophan
hydroxylaza (TPH) (EC 1.14.16.4), ¢6 hai dong phan ciia n6 la TPH1 va TPH2, tdng hop
5-hydroxytryptophan (5-HTP) tir tryptophan. 5-HTP lai duoc chuyén hoa thanh serotonin
(5-HT) nho L-axit amin thom decarboxylaza (AADC) (EC 4.1.1.28). Do d6, mo1 trudng
nudi cdy, trong d6 vi khuén thudc (cac) ching vi khudn sinh axit lactic cAn dugc kiém tra
duoc nudi cdy, chira tryptophan 1am nguyén liéu ban.dau cho viéc san sinh serotonin bét

ky bdi (cac) chiing vi khuén sinh axit lactic.

Theo sang ché, vi khudn thudc chung vi khudn sinh axit lactic dugc nudi cAy trong
mdi trudng nudi cdy chira tryptophan trong cic didu kién hiéu khi. Do vay, ching vi khuin
san sinh axit lactic dugc chon loc cin c6 kha ning san sinh serotonin it nhét 14 trong cac
diéu kién hiéu khi. Su chénh 1&ch &p suét riéng phan ctia oxy €6 thé ¢6 anh hudng dang ké
dén sy chuyén hoa cia vi khudn vé dich chuyén qua trinh chuyén héa cta vi khudn cia cic
L-axit amin thom, ching han tryptophan, thanh cac chét chuyén héa khac nhau. Piéu nay
¢6 nghia 12 mot chung vi khudn sinh axit lactic cho trude tao ra cac chét chuyén héa khac
nhau tlr tryptophan khi duogc nudi cAy & céac ap suét riéng phan ctia oxy khéc nhau, tic 1a,
cac didu kién hiéu khi so véi cde didu kién ky khi. Noi cach khéce, vi khuan sinh axit lactic
ma c6 kha niing san sinh serotonin trong cac diéu kién hiéu khi khéng nhat thiét san sinh
serotonin trong cac didu kién ky khi va nguoc lai, vi khuan sinh axit lactic ma ¢6 kha néng
san sinh serotonin trong cac diéu kién ky khi khong nhét thiét san sinh serotonin trong cac
didu kién hiéu khi.

Ap sut riéng phin ctia oxy trong rudt va trong da day thudng cao hon & gn niém
mac rudt khi so v4i cac phan bén trong ctia rudt non (gbm t4 trang, hdng trang va hoi trang)
va rudt gia (két trang gbém manh trang, tryc trang va 6ng hau mon). Diéu nay co nghia la

oxy ¢6 mit & bicu mo rudt theo mot gradient, véi ndng do oxy cao hon ¢ gan niém mac va
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ndéng do oxy thip hon vé phia éng rudt. Do d6, bude S1 trén Fig.5 duge thuc hién trong
céc didu kién hiéu khi, tirc 13, v6i sy ¢6 mit clia oxygen, dé mo phong cac didu kién hiéu
khi, ho#c cac ngach dugc oxy hoa, gf?m niém mac rudt. Cac ching vi khudn sinh axit lactic
duoc chon theo phuong phép thé hién trén Fig.5 tot hon 1a ciing 6 kha ndng bim dinh vao
va/hodc khu tra & niém mac rudt hodc 16p dém biéu md cta dudng tiéu hoa hodc it nhét 1a
¢6 mit & hodc gan niém mac rudt noi ching duge tiép xtic voi ap suét riéng phan cda oxy
tuwong dbi cao nhu dugce ban luén thém lién quan dén Fig.7. Diéu nay c6 nghia 1a dé san
sinh serotonin iz vivo trong hé tiéu hda cua dbi tuong va dé serotonin dugc san sinh béi vi
khuén dugc hip thu mot cach hiéu qua tir duong tiéu hoa vao hé tudn hoan toan than boi
dbi twong, ching vi khuén sinh axit lactic dugc chon theo phuong phép nhu thé hién trén
Fig.5 can c6 kha ning sén sinh serotonin trong cac didu kién hiéu khi md phong cac diéu

hién & hodc gin ni€m mac rudt.

Thuét ngt “vi khuén ky khi” va “ky khi” dugc sir dung & déy fién quan dén cac didu
kién nuéi cdy ky khi bao g0m cac didu kién nu6i cdy nhu vay dic trung boi cic diéu kién
khong chira oxy (O2) tirc 13, oxy hoa tan va khoang khong cia dng nudi cdy ¢ 0% hogc 0
ppm Oy, it nhét 12 gdn 0% hodc 0 ppm O2. Mét vi du minh hoa khac, nuéi cdy ky khi c6
thé bao gdm nudi cdy vi khuén sinh axit lactic trong moi truéng nudi cdy trong vat chia
nudi ciy kin ching han lo huyét thanh kin khi hodc cac dng hungate. Moi trudng nudi chy
¢6 thé tiry ¥ duge loai khi trude khi thém ching vi khuan sinh axit lactic. Ngoai ra, hoge
theo céach khdc, vat chira nuoi cfiy ¢6 thé dwoc 1am sach, vi du b?mg Ny, trude hodc sau khi
déng kin vat chita hogc theo cach khic duge dun soi trong 15-20 phat va lam ngudi dudi
dong khi nito d& loai bo hoan toan oxy hoa tan c6 trong moi trudong hodc thé tich khi duge

chira bét ky trong vat chira nudi ciy da dong kin.

Tuong mg, cac thudt ngit “vi khudn hiéu khi” va “hiéu khi” nhu dugc st dung &
day lién quan dén cac diéu kién nudi cdy hiéu khi bao gdm céc diéu kién nudi cdy dic
trung boi sy ¢b mit ctia oxy (O2) tu do trong khoang khong ctia dng nudi ciy tuong mg
véi d0 bdo hoa 100% hode 8,87 ppm oxy hoa tan. Lirgng oxy hoa tan ban dau trong moi
trudng sinh trudng ¢o thé nam trong khoang tr mirc phat hién duge bat ky, ching han tir
2,41 ppm tuong Gng v6i 29,3% do béo hoa, tdt hon 12 tir 4,8 ppm tuong Gng véi 64% do
bao hoa, va t5t hon 1a dén 9 ppm twong tng v6i ~103% @6 bao hoa cla oxy hoa tan. Mirc

oxy trong khi quyén 1a khoang 21%. Mot vi du minh hoa 1a, nuéi cdy hiéu khi ¢6 thé bao
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gdm nudi cdy vi khuén sinh axit lactic trong moi truong nudi cay trong vét chira nuoi ciy
hé. Theo céach khéc, ching vi khuén sinh axit lactic ¢6 thé duoc nudi cdy trong vat chira

nudi ciy kin néu oxy duge thém va vét chira nudi cdy kin.

Budce S1 trén Fig.5 ¢cé thé dugc thuc hién trong mot khoang thoi gian dinh trude.
Chéng han, vi khuén thudc ching vi khuan sinh axit lactic ¢6 thé duge 0 va nudi cdy hiéu
khi trong moi truong nudi cAy trong it nhit 1 gio, trong it nhét 1a nhiéu gio, thc 13, it nhat
13 hai g%, ching han 2, 3, 4, 5, 6, 7, 8,9, 10, 11 hodc 12 giv. Vi khudn thue chung vi
khuan sinh axit lactic ciing ¢6 thé dugc nudi ciy trong khoang thoi gian lau hon, ching
han 24 gid, 36 gid, 48 gid hodic 60 gid nhu cdc vi dy minh hoa nhung khong gi6i han sang

ché.

Theo mdt phuong &n, bude 52 trén Fig.5 bao gbm viéc 14y mau tir méi truong nudi
cdy va phat hién serotonin bét ky duogc san sinh béi vi khuén thudc ching vi khuan sinh
axit lactic trong miu nay. Theo mot phuong an, mau moi trudng nudi cdy 1a mau khong
¢6 té bao. Theo phuong 4n nay, té bao bat ky, cu thé 13 té bao vi khudn, ¢6 trong mau nay
dugec loai bo trudce tién, chéng haa cho mau nay qua mdt hodc hai lan ly tam, c-héng han
10.000 x g trong 1-4 phit, chéng han 2 phut, 4é tach mAu thanh vién von chira té bao va
phan dich ndi ¢6 thé chira serotonin. Budc S2 trén Fig.5 sau do cling ¢6 thé bao gém viéc
phét hién serotonin bat k¥ dugc san sinh bdi ching vi khnAn sinh axit lactic trong phan
dich ndi. Ngoéi ra, hodc theo cach khac, méau moi trudng nudi C'Ziy 6 thé dugc loc qua mot
hodc nhiéu bd loc dugc ly tim dé giir lai vi khudn nhung dong thoi cho phép serotonin
trong mau mdi trudng nuoi cdy di qua (cac) bd loc. Theo phuong dn nay, vi¢e phat hién

serotonin c6 the dugc thire hién trong dich loc.

Serotonin ¢6 thé duoc do trong mdi trudng nudi cdy, mau ho#ic phan dich nbi nho
sit dung cac thir nghiém hodc k¥ thuét do serotonin da biét bt ky. Chang han, serotonin
¢6 thé duge do nho sir dung thi nghiém hép thu mién dich lién két enzym (Enzyme-Linked
Immunosorbent Assay - ELISA) hodc thi nghiém do khdi phd (mass spectrometry - MS).

Néu phép do serotonin dan dén viéc nhan dién serotonin trong méi trirdng nudi céy,
trong mau hoac trong phan dich ndi tir mot ching vi khudn sinh axit lactic cu t‘né,‘diéu nay
khang dinh ring ching vi khudn sinh axit lactic ¢6 kha ning san sinh va giai phéng

serotonin ngoai bao va ching vi khudn sinh axit lactic duge thr nghiém s€ duoc chon loc

14



42511 15/69

trong budc S3 trén Fig.5 do ¢6 hiéu qua trong viée san sinh serotonin va nho dé ciing ¢6

hiéu qua trong diéu tri bénh lién quan dén thi€u hut serotonin ¢ doi tugng.

Do d6, bing cach phat hién su ¢6 mét clia serotonin trong moi truong nudi cdy, didu
nay ciing bao ham viéc phat hién sy c6 mat cua serotonin trong mau moi truong nudi cay
hodc mau d3 xuir 1y clia moi truong nudi chy, chdng han phan dich ndi sau khi ly tim mau
mo6i truong nudi ciy hodc dich loc sau khi loc mau moi trudng nudi cdy, trong bude S2, vi
khuén thudc chung vi khnan sinh axit lactic khong chi c6 kha ning san sinh serotonin ma
con ¢6 kha nang giai phong serotonin ngoai bao vao moéi truong nudi cy. Su giai phong
serotonin ngoai bao nay la quan trong dbi véi viéc st dung ching vi khuén sinh axit lactic
dé didu tri thiéu hut serotonin va/hodc bénh lién quan dén thiéu hut serotonin & débi tuong,
do serctonin dugc san sinh boi vi khudn can dén dugc dbi tuong hodc 1a cuc bo trong

dudng tiéu héa va/hogc duge hap thu boi bicu md dé di t61 hé tuan hoan toan than.

Theo mdt phuwong an, moi truong nudi cdy bao gdm ngudn cacbon ngoai tryptophan.
Ngubdn cacbon bét ky ma-(cac) ching vi khun sinh axit lactic ¢ thé s dung can dugc thir
nghiém co thé duogc bao gdm trong mdi trudng nudi cdy, bac gdbm, nhung khong chi gidi
han & glucoza. Moi truong nuodi cAy tot hon con bao gbdm ngudn hop chit nito, chang han
céc axit amin; mangan; sulfat; cac vitamin va yéu t6 sinh trudng, chéng han & dang phin
chiét ctia ndm men va/hodc phan chiét cta thit bd. Vi du vé mdi trudng nudi chy co thé
duge st dung trong phuong phép trén Fig.5 la canh truong decarboxylaza (DECT) dugc
bién dbi boi tryptophan mdi duogc thiét ké dé thac diy qud trinh khu carboxyl cla
tryptophan va san sinh serotonin bdi vi khudn. Canh truong DECT nay hodc mdi truong
nudi ciy chira tryptophan, glucoza, phan chiét cua thit bd va phan chiét cﬁa‘ném men.

Theo mot phuong &n, mdi trudng nudi chy gom it nhét 0,4 g/ 100 mL tryptophan,
¢t hon 13 it nhét 0,5 ¢/100 mL, chéing han it nhét 0,6 g/100 mL, it nhat 0,7 g/100 mL, va
t&t hon nita 12 it nhéit 0,8 g/100 mL, ching han it nhat 0,9 g/100 mL hogc khoang 1 g
tryptophan trén mdi 100 mL moi tredong nudi chy.

Mobi trvzb‘ng nudi céy dugc uu tién hién nay 1a, canh trudng DECT, néu trén t6t hon
1a chira tryptophan 1 g/100 mL, glucoza 0,05 2/100 mL, phan chiét cua thit bo 0,5 g/100
mL va phin chiét ciia nAm men 0,1 g/100 mL. ' ’

Theo mdt phuong an, phuong phap nay bao gdm céc budce bd sung nhu thé hién
trén Fig.6. Theo phuong an nay, phuong phap nay bat dau & bude S10 hodc tiép tuc tir
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bude S2 trén Fig.5. Bude S10 bao 20m viée nudi cdy, trong c4c didu kién ky khi, vi khuin
thuoc ching vi khuén sinh axit lactic trong moi truong nudi cdy chua tryptophan. Phuong
phap nay sau do tiép tuc dén budce S11, bao gdbm vide phat hién serotonin bét ky duoc san
sinh boi vi khuan thude chung vi khuan sinh axit lactic trong moi truéng nudi ciy hoic
mau cia nd khi dugc nudi céy trong cac diéu kién ky khi. Budc S10 tdt hon 13 duge thuc
hifn theo cach twong ty nhitng gi da duge md ta & phin trede lién quan dén bude S1 trén
Fig.5, bao gdm thoi gian nudi cAy, moi truong nudi cdy, v.v., nhung khac biét & chd trong
budce S1 trén Fig.5, vi khuén 1a chung sinh axit lactic dugc nudi cly trong céc diéu kién
hiéu khi, trong khi trong bude S10 trén Fig.6, vi khuén 1a ching sinh a_xit lactic dugc nudi
chy trong céc diéu kién ky khi. Tuong tmg 13, viéc phét hién serotonin trong budc S11 trén
Fig.6 co thé dugc thue hién theo cach tvong tu nhu dd ban luén Iién quan dén bude S2 trén
Fig.5.

Phuong 4n nay uu tién 1a con bao. gbdm budc 512 nhw thé hién trén Fig.6. Bude S12
nay bao gdm viée tinh ty 16 hodc ty s gifta ndng do ctia serotonin duge phat hién trong
moi truedong nudi chy hoie mau clia né khi duge nudi cdy trong céc didu kién hiéukhi (xem
buée S2 trén Fig.5) va ndng do cta serotonin dugc phét hién trong moi truong nudi ciy
hodc méu ctia né khi duge nudi cly trong céc diéu kién ky khi (xem budc $11 trén Fig.6).
Sau do, phuong phap ray tiép tuc dén bude S13 tuy ¥, so sanh ty I¢ hode ty s6 d3 tinh duge
véi gid tri ngudng, chéng han 1.0. MNéu ty 1¢ hodc ty s6 nay bang hoic 16n hon, t6t hon 1a
160 hon gia tri ngudng, chéing han bang hogc 16n hon 1,0, tdt hon 14 16n hon 1,0, thi phuong
phép nay tiép tuc dén buéc S3 trén Fig.5. Vi vay, theo phuong an nay, bude 53 bao g6m
viéc chen loc chiing vi khuén sinh axit lactic ¢6 hi¢u qua trong didu tri thiéu hut serotonin
va/hoac bénh lién quan dén thiéu hut serotonin & ddi tugng néu ty 1& nay bang hoic 16m
hon 1,0, t8t hon 13 16n hqn 1,0.

Theo mdt phuong an cu thé, gia tri ngudng dé so sanh ty 1¢ hogc ty s& trong budce
S13 thy ¥ bing 1,5, tét hon 1a 2,0, ching han 2,5, va tét hon nita Ia 3,0, ching han 3.5,
hodc thadm chi 1a cao hon, chﬁng han 4,0, 4,5, 5,0, 5,5, 6,0, 6,5, 7,0, 7,5, 8,0, 8,5, 9,0, 9,5
hodc tham chi 1a 10,0. Ngudng nay co thé, theo mot sb6 phuong 4n tham chi 1a chang han
15, 20, 25, 30, 40 hodc 50 hodc tham chi cao hon.

Vi khudn 1a c4¢ ching vi khudn san sinh axit lactic nhét dinh la cdc lodi san sinh

serotonin hiéu qua hon dang ké khi duge nudi cy trong céc dicu kién hicu khi khi so véi

16



42511 | 17/69

khi dugc nudi cdy trong cac diéu kién ky khi. O mot s6 chung vi khudn san sinh axit lactic,
lugng serotonin duge phat hién trong moi truong nudi cdy hodc miu cua no 1a rit thap va
c6 thé thdm chi 14 dudi gidi han phét hién cua thu nghiém dugc st dung dé phat hién
serotonin, 1& chit c6 thé phat hién mot cach chinh xdc nho st dung thi nghiém cu thé nay.
Céc ching vi khuan san sinh axit lactic nay do d6 s& co ty 1€ hodc ty sb rat cao. Theo mot
phuong &n tly y, phuong phap nhu thé hién trén Fig.6 do do6 bao gdm mot budc tiy ¥, b
sung (khong thé hién trén Fig.6) dé x4c dinh xem ndng do cta serotonin duoc phat hign
trong budc S11 trong moéi truong nudi ciy hodc mau cta n6 khi duge nudi ciy trong céic
didu kién ky khi c6 du6i gi4 tri nguong hay khong, chang han gici han phat hién cta thi
nghiém st dung trong bude S11 dé phat hi¢n serotonin trong mdi truong nudi cay hodc
mAu ctia n6 va xac dinh ndng do ciia serotonin phat hién dugc. Theo mdt phuong an ty vy,
ty 1¢ hodc ty s6 chi dugc tinh trong bude S12 néu ndng do dugc phat hién trong bude S11
trong moi truong nudi chy khi duge nudi chy trong cac didu kién ky khi bang hogc trén gia
tri ngudng nay.

Néu chiing vi khuén sinh axit lactic ¢6 kha ning san sinh va giai phong serotonin
khi dugc nudi cdy trong cac didu kién hiéu khi nhung khong san sinh va gidi phéng
serotonin khi duoc nudi cdy trong cac didu kién ky khi, ching vi khuAn sinh axit lactic van
¢6 thé duge chon trong budc S3 vi ¢6 hiéu qua trong diéu tri thiéu hut serotonin va/hodc
bénh lién quan dén thiéu hut serotonin & ddi twong theo phuong an thé hién trén Fig.6 néu
néng do cua serotonin trong ph?m dich ndi it nhét 12 0,4 nM, &t hon 1a it nhat 0,5 nM,
chéng han it nhét 0,75 nM hoic it nhét 1 nM, t6t hon 13 it nhit 2 nM, t6t hon nira 1a it nhét
3 nM, ching han it nhét 4 nM, hodc it nhét 5 nM hodc it nhit 6 nM hodc it nhit 7 nM nhu
néu chi tiét hon duéi day.

Nho d6, phuong én nay cua sang ché chon loc cac ching vi khuén sinh axit lactic,
cu thé 13 céc loai sdn sinh serotonin tdt trong céc diéu kién hiéu khi, t&rc 13, san sinh
serotonin it nhat 1 nhidu bing, t&t hon 1a nhidu hon trong cac diéu kién hiéu khi khi so véi
trong cic didu kién ky khi. Hau hét céc ching vi khuan san sinh axit lactic 1a ky khi, mot
s6 trong chung c6 thé san sinh serotonin trong céc diéu kién ky khi. Tuy nhién, sang ché
chon loc cac ching vi khuén sinh axit lactic khong chi ¢6 thé séng va sinh trudng trong
céc didu kién hiéu khi ma con san sinh va giai phong serotonin ngoai bao trong diéu kién

hiéu khi nhu vAy. Hon nita, cac ching vi khuan sinh axit lactic dugc chon theo phuong an
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thé hién trén Fig.6 thuc t& san sinh it nhat 12 nhiéu bing, néu khéng nhiéu hon, serotonin
trong diéu kién hiéu khi khi so v&i diéu kién ky khi. Cac chung vi khuén sinh axit lactic
nhu vay co thé san sinh va tiét cac lugng serotonin c6 hi¢u qua sinh hoc khi ¢6 mat trong
céc ngach clia hé tiéu hoa hodc duong ti€u héa cia dbi twong noi c6 muc oxy tuong d6i
cao hon & c4c phan khic ctia duong tiéu hoa va do do dic biét thich hop dé str dung trong

didu trj thiéu hut serotonin va/hodc bénh lién quan dén thidu hut serotonin.

Theo mot phuong an, bude S2 trén Fig.5 bao gbm viée do ndng do ctia serotonin
duoc san sinh va giai phong bai ching vi khu 4n sinh axit lactic trong méi trixong nudi cay
hodac mau cua nd. Bude S3 bao gém, theo phuong 4n nay, viéc chon loc chung vi khuan
sinh axit lactic ¢6 hiéu qua trong didu trj thiéu hut serotonin & déi twong néu ndng do cla

serotonin trong mdi trudng nudi cdy hodc mau clia nd it nhat 12 bang hodc trén gia tri

ngudng xac dinh.

Nong do6 cua serotonin khi duge do trong moi truong nuod ciy hodc mau cua nd d6i
v6i mot ching vi khudn sinh axit lactic cho trude it nhit phyu thudc mét phin vao thir
nghiém hodc cong nghé duge st dung dé phén tich serotonin, chéng han ELISA so vdi
MS. Do d0, gia tri cia gi4 tri ngudng nhu néu trén phy thude vao thir nghiém cu thé duge

st dung dé do ndng do cta serotonin trong moi trudng nudi cay.

Theo mot phuo;ng an cu thé, vi khuin thudc chung vi khuan sinh axit lactic dugc
nudi cdy trong 24 gid trong cac didu kién hiéu khi trong modi trudng nudi ciy chira
tryptophan, t6t hon 12 mdi trudng nudi cdy DECT, sau d6 14y mau moi trudng nudi chy va
dua miu moi truong nudi chy vao it nhat mot 1an Iy tAm dé thu dugce phan dich ndi va vién
von. Trong trudng hep nay, nbng o cia serotonin dugc san sinh boi chung vi khudn sinh
axit lactic dugce do trongfphén dich ndi bing cach st dung thir nghiém do khdi phd binh
thudng. Theo mét phuong an cu thé, bude S3 bac gém viéc chon loc chung vi khuén sinh
axit lactic c6 hiéu qua trong diéu tri thiéu hut serotonin va/hodc bénh lién quan dén thiéu
hut serotonin & dbi tugng néu ndng do cta serotonin trong phan dich n; it nhit 13 0,4 nM,
6t hon 12 it nhét 0,5 nM, ching han it nhat 0,75 nM hodc {t nhdt 1 nM, tot hon 1 it nhét 2
nM., t6t hon nira 1 it nhét 3 nM, ching han it nhAt 4 nM, hodc it nhat 5 nM hofc it nhét 6
nM hodc it nhit 7 nM.

Theo mot phuong 4n, phuong phap ndy bas gom bude S15 bd sung nhu the hién

trén Fig.7. Phuong phép nay bit diu & bude S15 ndy hofc tiép tuc ti bude S2 trén Fig 5,
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hoidc thuc- té 12 tir bude S13 trén Fig.6. Budc S15 bao gém viéc xac dinh xem vi Khuén
thudc ching vi khuan sinh axit lactic¢ c6 kha ning gin vao chit nhay ruodt va/hodc c6 kha
ning bam vao niém mac dudng tiéu héa hay khong. Theo phuong an ndy, bude S3 trén
Fig.5 bao gbm viéc chon loc chiing vi khuén sinh axit lactic ¢6 hiéu qua trong didu tri thiéu
hut serotonin va/hodc bénh lién quan dén thiéu hut serotonin & dbi tuong néu serotonin
duge phat hién trong méi trudong nudi cdy hodc mAu clia nd va néu vi khudn thudc chiing
vi khuén sinh axit lactic ¢6 kha ning gén vao chét nhiy rudt va/hodc co kha ning bam vao
niém mac dudng tiéu hoa.

2
A

Phuong én nay cling ¢6 thé duge két hop v6i phrong 4n nhw thé hién trén Fig.6, toc
13, thuc hién viéc chon loc diravao bude so sdnh ty 1§ va gid tri ngudng va dya vao vi€c
licu vi khuén thudc ching vi khudn sinh axit lactic ¢6 kha ning gin vao ch it nhay rudt

va/hoic c6 kha ning bam vao niém mac duong ti€u hoa hay khong.

Chét nhiy voi cac thanh phan cAu trac chinh ctia n6 1a muxin (mot h'c_i vg'ém céc
proteiri ¢6 trong lugnig phan tir cao, dugc glycosyl hoa m(r‘cvnéng) durge tao ra bdi cac mang
1111§y niém mac 6 dén g vat ¢6 va va chim, va cling ¢6 ¢ ludng cu, ca, cd mut dé myxin, 5
sén va sén. Do do, nho ¢6 kha nang odn vao chét nhay rudt, vi khuéa thude chiing vi khuin

sinh axit lactic c6 thé bam dinh vao niém mac cta dudng tiéu hoa.

Khé ning ctia vi khudn thude chiing vi khuén sinh axit lactic bam dith vao niém
mac cua dudng tiéu héa c6 thé dugce nghién ctlru, chéng}han,’ nhu dugc md ta trong vi du
6. Vén tit 13, niém mac duong tiéu hoa duge tach ra va duoc pht trén bé mit. Vi khuén
thubc ching vi khuan sinh axit lactic sau d6 dugc thém vao. chét nhéy duoe phu va dugc
dé dinh vao chét nhﬁy. Sau do, nhiing vi khuén khéng dinh bam dugc loai bé béng mot
hozc nhidu l4n 1ira. Sau do luong vi khuan bam dinh dugc xac dinh sb luong truc ti &p trén
chét nhiy, hoic gién tiép bang cich trude tién giai phong céc vi khuén bam dinh, chang
han thong qua qua trinh xur ly bfmg enzym, vi du xu 1y bang trypsin, va sau d6.xac dinh.sé

lwong vi khuan dugce giai phong.

Theo mot phuong an, chung vi khuén sinh axit lactic ¢6 sy bam dinh vao chét nhay
it nhét 12 t6t bang kha ning bam dinh cta Lactobacillus reuteri DSM 27 131, chéng han
dwoc thé hién trong vi du 6. Theo phuong én nay, bude S15 trén Fig.7 bao gbm viée x4c
dinh xem vi khuép thude ching vi khuan sinh axit lactic ¢6 khéa nang bam dinh vao chit

nhiy bang hodc cao hon kha nang bam dinh vao chat nhay cta vi khuan 1a L. reuteri DSM
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27131. Theo phuong an nay, bude S3 trén Fig.5 bao gdm viéc chon loc ching vi khuédn
sinh axit _lactic c6 hiéu qua trong diéu tri thiéu hut serotonin va/hodc bénh lién quan dén
thiéu hut serotonin & db6i tuwong néu serotonin dugc phat hién trong moi truong nudi cay
hodc mau clia né va néu vi khuin thudc ching vi khuin sinh axit lactic ¢6 kha nang bam
dinh vio chat nhiy bing hodc cao hon kha ning bam dinh vao chét nhdy cta vi khuan 12
L. reuteri DSM 27131.

Phuong phép duge md ta trén day va cac phuong én ctia nd la phuong phép in vitro
dé nhan dang va chon loc vi khuin sinh axit lactic ¢6 hiéu qua trong diéu tri thiéu hut

serotonin va/hodc bénh lién quan dén thiéu hut serotonin & ddi tugng.

Tuy nhién, séng ché khong chi gioi han §do.F ig.81a fuu dd mink hoa phirong phap
chon loc chiung vi khuin dé st dung trong diéu tri thiéu hut serotonin va/hodc bénh lién
quan dén thiéu hut serotonin dugc thuc hién dudi dang phwong phép in vivo. Phuong phép
nay bao gdm viéc cho an, tic 13, chy vi khuan thudc ching vi khuén sinh axit lactic trong
bude S20 vao dbi tuong Tphl-/- khong chira vi sinh vat (GI) . Budce tiép theo S21 bao
gbm viée phat hién serotonin bét k¥ duoc san sinh boi vi khuén thudc ching vi khuan sinh
axit lactic trong mau co thé dwoc 1dy tur d6i tuong Tphl-/~ GF. phuong phap nay con bao
gbm viée chon loc, trong bude S22, ching vi khuin sinh axit lactic ¢6 hi€u qua trong diéu
tri thiéu hut serotonin va/hodc bénh lién quan dén thiéu hut serctonin ¢ dbi teong néu

serotonin dwoc phat hién trong mau co thé.

Vi vay, trong phuong phap nay, d6i tuong thir nghiém theo khia canh 1a dbi tuong
thir nghiém khong chira vi sinh vat ma khong c6 su san sinh enzym TPHI, tGce la, d6i twong
bi bt hoat Tphl. Ddi tirgng Tphl-/- GF 1a d6i tugng dong vat GF Tphl-/- khong phéi
nguoi va tdt hon 1a duoc.chon tir nhom g6n1 cd chudt, chuot nhét, chudt lang, logn, méo,
cho, ctru, ngura, dong vét linh truong khong phai nguoi, khi hodc chim, va bt hon 1a.chudt

hodc chudt nhat. Chiudt GF Tphl-/- ¢6 thé thu duge nhu duge mo ta trong vi du 1.

Péi tuwong Tphl-/- GF duge cho #n, tirc 13, dwoc cdy vi khuan thude ching vi khuin
sinh axit lactic cin dugc thir nghiém trong phueng phép thé hién trén Fig.8 ching han qua
6ng thong da day, chéng han ¢ dang bot hoa tan, vién nang, hodc vién nén chta vi khudn
hodc dung dich chura vi khuén.

Mu co thé duoge iz"iy"‘tir dbi tirong 7, phl -/- GF va dugc phan tich trbnig bude S21 vé
sir ¢6 mét clia serotonin bét k}‘f. Do tu,'(jng 12 khoéng chira vi sinh vat, tirc 1a, khong ¢6 hodc
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thiéu hut hé vi khudn dudng tidu hoa, va ngoai viée thiéu hut TPHI, 1a enzym chiu trach
nhiém cho hau hét sy san sinh serotonin ndi sinh. Do vy, serotonin bat ky dwoc phét hién
trong mau co thé trong budc S21 dugce san sinh béi vi khuan thudc ching vi khuin sinh
axit lactic dugc cho dbi twong dn trong budc S20, hodc vi khun thu duoc tir vi khuén duogc

r
A

cay.

Miu co thé c6 thé 1a miu bét ky duoc Iy tir di twong Tphl-/- GF va ¢6 thé thuong
chira serotonin néu ddi tuong khong phai 1a Tphl-/-, tic la d6i tugng Tphl-+/+ khong phai
GF thudc cung mot loai. Chéng han, mau c6 thé 1a mau thudc dudng tiéu hoa, mau md
duoc léy tir dbi tuong, chéng han tir m6 cta dudng tiéu hoa, hodc mau dich co thé, chéng
han miu mau, mau huyét twong hogc mAu huyét thanh. Theo mdt phuong n cu thé, miu
co thé 13 miu dich co thé, tét hon 1a mAu méu, mau huyét twong hodc mAu huyét thanh.
Serotonin dugc phét hién trong mAu dich co thé nhu vy khong chi ching td rang vi khuan
thuéc chung vi khuan sinh axit lactic ¢6 kha ning san sinh va san sinh serotonin ngoai vao
trong hé tiéu hoa cua dbi tuong Tphl-/- GF ma con ching t6 rang serotonin dugc san sinh
béi vi khudn duoc hép thu va van chuyén vao hé tudn hoan toan than, tirc 13, hé mdu, cla

d6i twong Tphl-/- GF.

Theo mot phuong é&n, chung vi khudn sinh axit lactic 1a ching vi khuan
Lactobacillus. Theo mdt phuong én cu thé, chang vi khuan Lactobacillus dugc chon tir
nhém gdm c6 ching vi khuén L. reuteri, ching vi khuin L. mucosae, va chung vi khuan

L. plantarum.

Theo mdt phuong an, ching vi khudn sinh axit lactic dugc chon theo sang ché,
ching han dugc thé hién trong hinh vé& bét ky trong sé cac hinh vé Fig.5 dén Fig.8, khong
chi c6 kha ning san sinh va giai phong serotonin ngoai bao ma con co kha nang gay ra sy
san sinh serotonin ndi sinh khi dugc dung cho d6i tuong.

Theo mot phuong an khac, ching vi khudn sinh axit lactic dugc chon theo sang ché,
ching han dugc thé hién trong hinh vé& bat ky trong s6 cac hinh vé& Fig.5 dén Fig.8, c6 kha
nang san sinh va giai phong serotonin ngoai bao nhung khong c6 kha nang gay ra su san
sinh serotonin ndi sinh khi dugc dung cho dbi tuong.

Mot khia canh khéc cua sang ché d& xuét chung vi khuan sinh axit lactic ¢6 kha

ning san sinh va giai phong serotonin ngoai bao trong cac diéu kién hiéu khi dé st dung
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trong diéu tri thiéu hut serotonin va/hodc bénh lién quan dén thléuhut serotonin & ddi

tuong.

Theo mot phuong 4n, ching vi khun sinh axit lactic con c6 kha nang san sinh va
giai phong serotonin ngoai bao trong cac diéu kién ky khi nhung ty 1€ gifta lvgng serotonin
duge san sinh va duoc san sinh ngoai bao béi vi khuin thude ching vi khuan sinh axit
lactic trong cac diéu kién hiéu khi va lugng serotonin dugc san sinh va dugc san sinh ngoai
bao boi vi khuin thude ching vi khudn sinh axit lactic trong cac didu kién ky khi bang

hodc 16n hon mot, tdt hon 12 16n hon mot.

Ttheo mot phuong an, ching vi khuén sinh axit lactic con ¢ kha nang gdn vao chat

nhdy rudt va/hodc c6 kha ning bam dinh vao niém mac duong ti€u hoa.

Theo mdt phwong an, chiing vi khuén sinh axit lactic ¢6 kha nang san sinh serotonin

&, hodc it nhat 1 c6 lién quan dén niém mac rudt cua doi tuong.

Nhit d4 dugc md ta & phan trudce trong ban md ta, nhin chung 1a s€ vu tién néu vi
khuAn thudc chung vi khuan sinh axit lactic ¢6 kha ning gin vao chét nhay hoic it nhét c6
mat gﬁn niém mac duong tiéu hoa, va cu thé 14 niém mac rudt, nho do thic day su hép thu
serotonin dugc san sinh va tiét ra boi vi khuén thudc ching vi khuan sinh axit lactic qua
niém mac rudt, va cu thé qua biéu md rudt. Sau dé, serotonin dugc hép thu qua biéu md
rudt co thé dugc van chuyén ra ngoai vi hodc toan than dén mét vi tri cu thé cua dbi tuong

noi serotonin phét huy tac dung sinh hoc cta no.

O day, thuat ngit “didu tri” c6 thé bao ham ca viéc lam thuyén giam céc triéu chiing
ctia mot trinh trang bénh 1y, bénh hodc r6i loan cu thé cling nhu ngén ngtra su khoi phét
clia céc triéu chiung. Do do, thudt nglt nay bao gbm viéc ngdn ngira, lam giam nguy co,
lam gidm, Gc ché hodc phong ngira thiéu hut serotonin va/hodc bénh lién quan dén thiéu
hut serotonin.

Theo mdt phuong an, ching vi khudn sinh axit lactic c6 kha ndng san sinh serotonin
trong cac didu kién hiéu khi dugc chon theo phuong phap duoc mo ta trén ddy va theo cac
phuong phép hodc phuong 4n cua n6 dugc thé hién trén hinh v& bt ky trong sb cac hinh
vé& Fig.5 dén Fig.8.

Serotonin c6 mdt sd chirc nang sinh Iy bao gdm hanh vi, kich hoat va ngung tap tiéu

cAu, diéu hoa nhu dong rudt, cin bang ndi moi va hoat dong cta hé thin kinh rudt (enteric
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_ nervous system - ENS), hoat dong cua hé mién dich duong rudt, chuyén héa ning lugng
(thich tmg khi d6i, hoa ndu va phéan giai lipit ciia md md, san xuét glucoza & gan, tiét
insulin), hoat dong ctia truc rudt - ndo va chuyén hoa xuong va can b%mg ndi moéi. Do do,
sw mit cAn bang, va cu thé 1a su thiéu hut, & cdc mirc serotonin c6 thé gy ra cic bét thudong

trong nhiéu qua trinh sinh hoc va cc chirc ndng ¢ doi tuong.

Theo mdt phuong an, bénh lién quan dén thiéu hut serotonin, con dugc goi la bénh
phu thudc serotonin ¢ day, la bénh hodc r6i loan duge chon tir nhdm gbm c6 lo au, tAm
trang chan nan, hung hang, tri nhé kém, ri loan an ubng, rdi loan 4m anh - cudng ché, rbi
loan hoang so, r6i loan cing théng sau chan thuong, 161 loan lo 4u xa hoi, r6i loan nhu
dong duong ti€u hoa (ching han tdo bén), hoi chimg rudt kich thich (IBS), bénh viém rudt
(IBD), bénh tim mach, ching loang xuong, bénh da tuyén ndi tiét tu mién-nhiém nim
Candida-loan dudng ngoai bi (APECED), bénh ldﬁng xuong, tinh trang mAt xuong, va sy

két hop cia cac bénh va r6i loan nay.

Theo mdt phuong &n, bénh lién quan dén thiéu hut serotonin dugc chon tir nhém
gém ¢6 IBS, IBD, bénh tim mach, chiung loang xuong, 161 loan nhu dong duong tiéu hoa,

APECED, bénh loang xuong va tinh trang mAt xuong.

Theo mot phuong an, bénh lién quan dén thiéu hut serotonin 1a bénh hoéc’réi loan
ctia hé than kinh trung wong, ching han dugc chon tir nhém gbm c6 lo 4u, tAm trang chan
nan, hung hang, tri nhé kém, rdi loan #n udng, rdi loan 4m &nh - cudng ché, rdi loan hoang
SO, r6i loan cang théng sau chén thuong, va 161 loan lo 4u xa hoi.

Theo mot phuong an uu tién, bénh lién quan dén thiéu hut serotonin 1a bénh hodc
161 loan cua hé tiéu héa, chéng han r6i loan nhu dong dudng tiéu hoa, IBS hodc IBD.

Theo mot phuong an, bénh li€n quan dén thiéu hut serotonin 1a bénh lién quan dén
chtng lodng xuong, bénh lodng xuong va tinh trang mAt xuong, ching han mét xuong lién
quan dén glucocorticoit.

Theo mot phuong an, chung vi khuin sinh axit lactic 1a chung vi khudn
Lactobacillus. Theo mdt phuong an cu thé, chimng vi khuén Lactobacillus dugc chon tir

nhém gdm cé ching L. reuteri, chiing L. mucosae va chung L. plantarum.

Theo mdt phuong &n, chung L. reuteri dugc chon tir nhom gdm c6 L. reuteri DSM

32846, L. reuteri DSM 32848, L. reuteri DSM 32849, L. reuteri DSM 27131, L. reuteri
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- “DSM 33509, L. reuteri DSM 33632, L. reuteri DSM 33633, L. reuteri DSM-33634, L.
reuteri DSM 33635, L. reuteri ATCC PTA 5289, L. reuteri DSM 17938, L. reuteri ATCC
PTA 6475, va L. reuteri DSM 32465.

Theo mot phuong 4n cu thé, ching L. reuteri dugc chon tir nhom gbm ¢ L. reuteri
DSM 32846, L. reuteri DSM 32848, L. reuteri DSM 32849, L. reuteri DSM 27131, L.
reuteri DSM 33509, L. reuteri DSM 33632, L. reuteri DSM 33633, L. reuteri DSM 33634,
L. reuteri DSM 33635, L. reuteri ATCC PTA 5289 va L. reuteri DSM 32465.

Theo mdt phuong an cu thé khac, ching L. reuteri dugce chon tir nhom gbdm c6 L.
reuteri DSM 32846, L. reuteri DSM 32848, L. reuteri DSM 32849, L. reuteri DSM 27131,
L. reuteri DSM 33509, L. reuteri DSM 33632, L. reuteri DSM 33633, L. reuteri DSM
33634, L. reuteri DSM 33635, L. reuteri DSM 17938 va L. reuteri DSM 32465.

Theo mdt phuong an khac, chung L. reuteri duge chon tir nhom gdm c6 L. reuteri
DSM 32846, L. reuteri DSM 32848, L. reuteri DSM 32849, L. reuteri DSM 27131, L.
reuteri DSM 33509, L. reuteri DSM 33632, L. reuteri DSM 33633, L. reuteri DSM 33634,
L. reuteri DSM 33635, L. reuteri ATCC PTA 6475 va L. reuteri DSM 32465.

Lactobacillus reuteri DSM 27131 duoc ndp luu theo Hiép uwdc Budapest tai Leibniz
Institut DSMZ-Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH
(Inhoffenstr. 7B, D-38124 Braunschweig, Dtrc) vao ngay 18 Thang Tu 2013).

Lactobacillus reuteri DSM 32846, DSM 32848 va DSM 32849 duogc nop luu theo
Hiép uéc Budapest tai Leibniz Institut DSMZ-Deutsche Sammlung von Mikroorganismen
und Zellkulturen GmbH (Inhoffenstr. 7B, D-38124 Braunschweig, Duc) vao ngay 04
Théang Bay 2018).

Lactobacillus reuteri DSM 33509 dugc ndp lwu theo Hiép udc Budapest tai Leibniz
Institut DSMZ-Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH
(Inhoffenstr. 7B, D-38124 Braunschweig, Dtic) vao ngay 23 Thang Tu 2020).

Lactobacillus reuteri DSM 32465 dugc ndp luu theo Hiép udc Budapest tai Bao
tang vi sinh vét va nudi cdy té bao clia Puc thuge Vién Leibniz DSMZ (Inhoffenstr. 7B,

D-38124 Braunschweig, Dtrc) vao ngay 21 Thang Ba 2017).
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Lactobacillus reuteri ATCC PTA 5289 duogc ndp luu theo Hiép udc Budapest tai
Béo tang gidng chuén ciia M§ (10801 University Blvd., Manassas, VA 20110-2209, U.S.)
vao ngay 25 Thang Sau 2003.

Lactobacillus reuteri DSM 33632, DSM 33633, DSM 33634, va DSM 33635 dugc
ndp luu theo Hiép udc Budapest tai Leibniz Institut DSMZ-Deutsche Sammlung von
Mikroorganismen und Zellkulturen GmbH (Inhoffenstr. 7B, D-3 8124 Braunschweig, Dtrc)
vao ngay 09 Thang Chin 2020).

Lactobacillis reuteri DSM 17938 duoc ndp luu theo Hiép uéc Budapest tai DSMZ-
Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH (Mascheroder Weg

1b, D-38124 Braunschweig, Duc) vao ngay 30 thang 1 nam 2006.

Lactobacillus reuteri ATCC PTA 6475 dugc nop luu theo Hiép wéc Budapest tai
Béo tang gidng chuin ctia My (10801 University Blvd'., Manassas, VA 20110-2209, U.S.)
vao ngdy 21 thang 12 ndm 2004.

Theo mot phuwong an cu thé, chung L. reuteri dugc chon tir nhém gﬁ“)m cO L. reuteri
DSM 32846, L. reuteri DSM 32848, L. reuteri DSM 32849, L. reuteri DSM 27131, L.
reuteri DSM 33509, L. reuteri DSM 33632, L. reuteri DSM 33633, L. reuteri DSM 33634,
L. reuteri DSM 33635, va L. reuteri DSM 32465.

Theo mot phuong 4n cu thé khac, chung L. reuteri dugc chon tir nhém gdm co L.
reuteri DSM 33632, L. reuteri DSM 33633, L. reuteri DSM 33634, L. reuteri DSM 33635,
va L. reuteri DSM 33509,

Theo mdt phuong an cu thé khac, chung L. reuteri dugc chon tir nhom g6m co L.
reuteri DSM 33632, L. reuteri DSM 33633, L. reuteri DSM 33634, va L. reuteri DSM
33635. Céc chung L. reuteri nay da tién hoa tré nén chiu oxy tot hon va 6n dinh va c¢6 thé

sbng dugc trong khoang thoi gian bao quan kéo dai nhu mo ta dudi day.

Mot sb ching Lactobacillus sinh truong tbt trong diéu kién ky khi, nhung khong
sinh truong trong cac didu kién hiéu khi. Do d6, hai chung L. reuteri ¢6 kha nang chiu oxy
kém, ching A va ching B, dugc thir thich béi oxy (stress oxy) va do do6 dugc ép O trong
moi truong dugce kiém so4t ciia phong thi nghiém dé tién hoa, tirc 13, ching dugc bién ddi
hoic thich nghi tich cuc thanh céc chung méi. Hai ching méi dugc nhan dang bang phuong

phap nay, L. reuteri DSM 33632 dugc xac dinh c6 ngudn gbc tlr chiing gbc A va L. reuteri
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DSM 33634 dugc nhan dang c6 ngudn gdc tir chiing gbc B. C4 hai chung méi nay déu thé
hién cac dac tinh dugc phat trién va cai thién méi, mot trong cac dac tinh nay l1a kha nang
chiu oxy ting 1én, lam cho chung sinh trudng t6t hon dang ké trong céc diéu kién hiéu khi

(Fig.9A) t&i 100 thé hé (Fig.9B va 9C).

Hon nita, c6 nhu cdu chung dé cai thién do 6n dinh bao quéan cta céac ching nudi
cly vi khuén dé st dung trong céc sén pham probiotic, bao gbm ca viéc 1am cho vi khuén
nay chéng chiu t6t hon véi qua trinh sdy dong kho va 4n dinh hon trong qué trinh bao quéan
trong thoi gian dai dé 1am ting thdi han st dung cua san pham probiotic. Do d6, cac chiing
vi khudn méi chiu oxy tét hon dugc thit thach tiép trong mdi trudong duge kiém soét cla
phong thi nghiém bao gdm nhiéu vong stress oxy dé 1am cho chiing thim chi 12 chéng chiu
t6t hon v6i cac didu kién hiéu khi, cling nhu v6i viée siy dong kho bd sung va stress bao
quan tang lén, dAn dén viéc nhén dang va chon loc hai chiing vi khuén b sung, L. reuteri
DSM 33633 ¢6 ngudn gée tir DSM 33632 va L. reuteri DSM 33635 c6 ngudn goc tr DSM
33634. Hai ching méi bd sung nay khong chi chiu duge cic bude sdy dong khd bb sung
va stress bao quan tang lén, ma con thé hién céac dic tinh sinh trudng dugc cai thién mot
chut trong céc diéu kién hiéu khi khi so v6i DSM 33632 va DSM 33634 (Fig.9D) va cdc
dic tinh sinh trudng duge cai thién déng ké trong cac didu kién hiéu khi khi so véi chung
gbc A va ching gbc B. Ca b ching dugc ci bién, L. reuteri DSM 33632, DSM 33633,
DSM 33634, va DSM 33635, déu thé hién cac dic tinh thich nghi/tién héa ndy, céc ddc
tinh nay duogc thdy 1a van 6n dinh trong it nhét 100 thé hé.

Theo mdt phuong an cu thé, ching L. reuteri 1a L. reuteri DSM 33509. Chung L.
reuteri dugce thir thach dé tién hoa thanh mot ching vi khuin 6n dinh hon v$i muc dich
lam tdng kha ndng sdng trong khodng thoi gian bao quan kéo dai va cling dé cai thién su
sbng sot trong duong tiéu hoa. Cu thé hon, chung L. reuteri DSM 33509 da dugc cai bién
tir ching gdc cta né trong qua trinh chon loc nhiéu bude, bao gdm budc nudi cdy va lam
dong kho vi Kkhuén va chon loc cac khuan lac sbng sot sau bude dong kho, tao ra chiing co

kha ndng chdng chiu v6i mat ting va kha ning bam sinh vao chat nhay tang.

Theo mét phuong an, ching L. mucosae duge chon tir nhom gdm c6 L. mucosae
DSM 33291, L. mucosae DSM 33292, L. mucosae DSM 33293 va L. mucosae DSM
33661.
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L. mucosae DSM 33291, DSM 33292 va DSM 33293 dugc ndp luu theo Hiép udc
Budapest tai Bao tang vi sinh vat va nubi cdy té bao ctia Dtrc thude Vién Leibniz DSMZ

(Inhoffenstr. 7B, D-38124 Braunschweig, D) vao ngay 20 Thang Chin 2019).

L. mucosae DSM 33661 duogc ndp luu theo Hiép udc Budapest tai Bao tang vi sinh
vat va nudi cdy té bao ciia Dic thude Vién Leibniz DSMZ (Inhoffenstr. 7B, D-38124
‘Braunschweig, Ptic) vao ngdy 14 Thang Muoi 2020).

Theo mdt phuong én, ching L. plantarum dugc chon tir nhoém gom c6 L. plantarum

DSM 33295 va L. plantarum DSM 33662,

L. plantarum DSM 33295 dugc nop luu theo Hiép uéc Budapest tai Bao tang vi
sinh vat va nudi céy té bao cua Duc thudc Vién Leibniz DSMZ (Inhoffenstr. 7B, D-38124
Braunschweig, Ptic) vao ngay 09 Thang Muoi 2019).

L. plantarum DSM 33662 dugc ndp luu theo Hiép wéc Budapest tai Bao tang Vi
sinh vat va nudi cdy té bao ciia Dirc thude Vién Leibniz DSMZ (Inhoffenstr. 7B, D-38124
Braunschweig, Ptic) vao ngay 14 Thang Mudi 2020).

Theo mdt phuong an cu thé, chung vi khudn sinh axit lactic duoc chon tir nhom
gém c6 L. reuteri DSM 33632, L. reuteri DSM 33633, L. reuteri DSM 33634, L. reuteri
DSM 33635, va L. reuteri DSM 33509, L. mucosae DSM 33291, L. mucosae DSM 33292,
L. mucosae DSM 33293, L. mucosae DSM 33661, L. plantarum DSM 33295, va L.
plantarum DSM 33662.

Ciing ¢6 thé sir dung t0 hop vi khuan tir hai hodc nhiéu chung vi khuén san sinh axit

lactic, chiing han dugc chon tir cac chung L. mucuosae, L. plantarum va L. reuterinéu trén.

Theo mot phuong an, cac ching vi khuén sinh axit lactic t6t hon 1a cac ching vi

khudn probiotic.

Theo mdt phuong an, ching vi khudn sinh axit lactic 1a khac voi Lactobacillus
reuteri DSM 17938 khi bénh lién quan dén thiéu hut serotonin dugc chon tir nhom gdm ¢c6
IBS, lo au, tém trang chédn nan, r6i loan cing théng sau chin thuong, IBD va cac roi loan
nhu dong duong tiéu hoa. Theo mot phwong an khac, chung vi khuén sinh axit lactic 1a

khéc vé6i Lactobacillus reuteri DSM 17938.
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Theo mdt phuong an, ching vi khuan sinh axit lactic 1a khac v6i Lactobacillus
reuteri ATCC PTA 6475 khi bénh lién quan dén thiéu hut serotonin dugc chon tir nhom
gém c6 ching lodng xuong, bénh lodng xuong, mét xuong, tAm trang chan nan, IBS va
IBD. Theo mdt phuong an khéc, ching vi khuén sinh axit lactic 1a khéac v&i Lactobacillus

reuteri ATCC PTA 6475.

Cac phuong an khac cda sang ché dé& xuit ching Lactobacillus mucosae DSM
33291, ching han chiing L. mucosae DSM 33291 & dang dugc dong kho hodac theo cach
khac ¢ dang dugc sdy kho tlr chung L. mucosae DSM 33291 dé str dung lam thudc, ching
L. mucosae DSM 33291 dé st dung trong didu tri thiéu hut serotonin va/hodc bénh lién
quan dén thiéu hut serotorin va st dung chung L. mucosae DSM 33291 d8 san xuét thude

dé diéu trj thiéu hut serotonin va/hodc bénh lién quan dén thi€u hut serotonin.

Céc phuong an bd sung clia sang ché dé xuit ching Lactobacillus mucosae DSM
33292, ching han ching L. mucosae DSM 33292 ¢ dang dugc dong kho hodc theo cach
khéc & dang dugc siy kho, chung L. mucosae DSM 33292 dé st dung 1am thudce, ching L.
mucosae DSM 33292 dé st dung trong didu tri thiéu hut serotonin va/hodc bénh lién quan
dén thiéu hut serotonin va st dung chung L. mucosae DSM 33292 d8 san xuit thude dé

didu tri thiéu hut serotonin va/hodc bénh lién quan dén thicu hut serotonin.

Céac phuong an ctia sang ché con dé xuit chiing Lactobacillus mucosae DSM 33293,
ching han ching L. mucosae DSM 33293 & dang dugc dong kho ho#c theo cach khac &
dang dugc sdy kho, chung L. mucosae DSM 33293 dé st dung lam thude, va ching L.
mucosae DSM 33293 dé su dung trong diédu tri thiéu hut serotonin va/hodc bénh lién quan
dén thiéu hut serotonin va su dung ching L. mucosae DSM 33293 dé san xudt thude dé

diéu trj thiéu hut serotonin va/hodc bénh lién quan dén thidu hut serotonin.

Céc phuong 4n ctia sang ché con dé xuit chiing Lactobacillus mucosae DSM 33661,
ching han ching Z. mucosae DSM 33661 & dang dugc dong kho hoidc thee cach khac &
dang dugc séy kho, ching L. mucosae DSM 33661 dé sor dung lam thude, va chung L.
mucosae DSM 33661 dé str dung trong didu tri thiéu hut serotonin va/hodc bénh lién quan
dén thiéu hut serotonin va st dung ching L. mucosae DSM 33661 @& san xudt thude dé

diéu tri thiéu hut serotonin vé/hodc bénh lién quan dén thi€u hut serotonin.
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Céc phuong an khac cua sang ché dé xudt chung Lactobacillus plantarum DSM
33295, ching han chung L. plantarum DSM 33295 ¢ dang dugc dong kho hodc theo cach
- khac 6 dang dugc sdy kho, ching L. plantarum DSM 33295 @8 sir dung lam thude, chung
L. plantarum DSM 33295 dé st dung trong didu tri thiéu hut serotonin va/hodc bénh lién
quan dén thiéu hut serotonin va sir dung ching L. plantarum DSM 33295 dé san xuét thube

- dé diéu tri thiéu hut serotonin va/hodc bénh lién quan dén thicu hut serotonin.

Céc phuong &n khéc ctia sang ché con dé xuét chung Lactobacillus plantarum DSM
33662, ching han ching L. plantarum DSM 33662 ¢ dang dugc dong kho hodc theo cach
khac & dang duoc sdy kho, ching L. plantarum DSM 33662 8 sir dung lam thude, ching
L. plantarum DSM 33662 dé st dung trong diéu tri thiéu hut serotonin va/hodc bénh lién
quan dén thiéu hut serotonin va st dung chung L. plantarum DSM 33662 d8 san xudt thude

dé diéu tri thiéu hut serotonin va/hodc bénh lién quan dén thiéu hut serotonin.

Cac phuong an bd sung cla sang ché dé xult chung Lactobacillus reuteri DSM
33509, chiang han ching L. reuteri DSM 33509 ¢ dang dugc dong kho hodc theo cach khac
& dang dugc sdy kho, chung L. reuteri DSM 33509 dé st dung lam thubc, chung L. reuteri
DSM 33509 dé sir dung trong didu tri thiéu hut serotonin va/hodc bénh li€n quan dén thiéu
hut serotonin va stt dung chung L. reuteri DSM 33509 dé san xuét thube dé diéu tri thiéu

hut serotonin va/hodc bénh lién quan dén thidu hut serotonin.

Céac phuong an cua sang ché dé xuét chfmg Lactobacillus reuteri DSM 33632,
ching han ching L. reuteri DSM 33632 & dang dugc d6ng kho hodc theo cach khdc ¢ dang
duoc sy kho, ching DSM 33632 dé sit dung lam thudc, ching L. reuteri DSM 33632 e
sir dung trong diéu tri thiéu hut serotonin va/hodc bénh lién quan dén thiéu hut serotonin
va st dung chung L. reuteri DSM 33632 d& san xut thudc dé didu tri thiéu hut serotonin

va/hoidc bénh lién quan dén thiéu hut serotonin.

Céc phu‘ohg 4n clia sang ché con & xudt ching Lactobacillus reuteri DSM 33633,
ching han chiing L. reuteri DSM 33633 ¢ dang dugc dong kho hodc theo cach khéc & dang
dwoc siy kh, ching L. reuteri DSM 33633 dé st dung lam thudc, chung L. reuteri DSM
33633 dé st dung trong didu tri thiéu hut serotonin va/hodc bénh lién quan dén thiéu hut
serotonin va st dung ching L. reuteri DSM 33633 d8 san xuét thube dé didu tri thiéu hut

serotonin va/hodc bénh lién quan dén thiéu hut serotonin.
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Céc phuong an khac cua sang ché d@ xut chung Lactobacillus reuteri DSM 33634,
ching han ching L. reuteri DSM 33634 & dang dugc ddng kho hodc theo cach khac ¢ dang
dugc shy khod, ching L. reuteri DSM 33634 dé stt dung 1am thude, ching L. reuteri DSM
33634 dé st dung trong didu tri thiéu hut serotonin va/hodc bénh lién quan dén thiéu hut
serotonin va st dung chung L. reuteri DSM 33634 d& san xuét thudc d& didu tri thiéu hut

serotonin va/hodc bénh lién quan dén thiéu hut serotonin.

Céc phuong 4n bd sung clia sang ché dé xuét ching Lactobacillus reuteri DSM
33635, chéng han chung L. reuteri DSM 33635 & dang dugc dong kho hodc theo cach khac
¢ dang dugc séy khd, chung L. reuteri DSM 33635 dé str dung lam thudc, chung L. reuteri
DSM 33635 d& str dung trong diéu trj thiéu hut serotonin va/hodc bénh lién quan dén thiéu
hut serotonin va st dung chung L. reuteri DSM 33635 dé san xuét thude dé diéu tri thiéu

hut serotonin va/hodc bénh lién quan dén thiéu hut serotonin.

Do d6, sang ché dé xut chung vi khuan sinh axit lactic dugc chon tir nhém gbm c6
Lactobacillus mucosae DSM 33291, L. mucosae DSM 33292, L. mucosae DSM 33293, L.
mucosae DSM 33661, L. plantarum DSM 33295, L. plantarum DSM 33662, L. reuteri
DSM 33509, L. reuteri DSM 33632, L. reuteri DSM 33633, L. reuteri DSM 33634, va L.
reuteri DSM 33635, ching han & dang dugc dong kho hodc theo cach khac ¢ dang duogc
sdy kho. Sang ché con dé xuit vi khudn sinh axit lactic dugc chon tir nhém néu trén dé su
dung lam thube, dé st dung trong didu tri thiéu hut serotonin va/hodc bénh lién quan dén
thiéu hut serotonin, va st dung chung d8 san xuét thubc dé didu tri thiéu hut serotonin

va/hodc bénh lién quan dén thiéu hut serotonin.

Mot khia canh cua sang ché @ xuét ching vi khuin san sinh va giai phéng ngoai
~ bao serotonin trong cac didu kién hiéu khi. Theo mdt phuong 4an, ching vi khuén dugc
chon tir nhém g5m c6 Lactobacillus mucosae DSM 33291, L. mucosae DSM 33292, L.
mucosae DSM 33293, L. mucosae DSM 33661, L. plantarum DSM 33295, L. plantarum
DSM 33662, L. reuteri DSM 33509, L. reuteri DSM 33632, L. reuteri DSM 33633, L.
reuteri DSM 33634, va L. reuteri DSM 33635.

Theo mdt phuong an cu thé, chung vi khuédn 1a ching Lactobacillus mucosae dugc
chon tir nhom gém ¢6 L. mucosae DSM 33291, L. mucosae DSM 33292, L. mucosae DSM
33293, va L. mucosae DSM 33661.
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Theo mdt phuong an cu thé khéc, ching vi khuan 13 chiung Lactobacillus plantarum

dugce chon tir nhém gém c6 L. plantarum DSM 33295, va L. plantarum DSM 33662.

Theo mot phuong an cu thé khac, ching vi khudn 1a ching Lactobacillus reuteri
duge chon tir nhém gdm c6 L. reuteri DSM 33509, L. reuteri DSM 33632, L. reuteri DSM
33633, L. reuteri DSM 33634, va L. reuteri DSM 33635.

Mot khia canh khac cua sang ché d& xut ching vi khuan san sinh va giai phong
ngoai bao serotonin trong cac didu kién hiéu khi va c6 khé ning gin vao chét nhay. Theo
mot phuong an, chung vi khuén dugc chon tir nhém gbm c6 Lactobacillus mucosae DSM
33291, L. mucosae DSM 33292, L. mucosae DSM 33293, L. mucosae DSM 33661, L.
plantarum DSM 33662, L. reuteri DSM 33509, L. reuteri DSM 33632, L. reuteri DSM
33633, L. reuteri DSM 33634 va L. reuteri DSM 33635.

Theo mot phuong an cu thé, ching vi khuan 1a chung Lactobacillus mucosae dugc
chon tr nhoém gém ¢6 L. mucosae DSM 33291, L. mucosae DSM 33292, L. mucosae DSM
33293, va L. mucosae DSM 33661.

Theo mot phuwong an cu thé khac, chung vi khuan 14 Lactobacillus plantarum DSM

33662.

Theo mot phuong an cu thé khac, ching vi khuén 1a chung Lactobacillus reuteri
dugce chon tir nhém gém ¢6 L. reuteri DSM 33509, L. reuteri DSM 33632, L. reuteri DSM
33633, L. reuteri DSM 33634, va L. reuteri DSM 33635.

Céch st dung duoc uu tién cua cac chung vi khuén sinh axit lactic 1a qua miéng.
Céc cach str dung khéc bao gé“)m qua mili, trong mét, khu trd hodc mot $6 hinh thac dung

tai chd cho da, truc trang, mii, mat, &m dao hodc nudu rang.

Liéu luong thich hgp cua cdc chung vi khudn sinh axit lactic nhu duoc x4c dinh &
day c6 thé dugc Iua chon dé dang tly thudc vao bénh lién quan dén thiéu hut serotonin can
diéu tri, cach thirc st dung, dbi twong va dang bao ché lién quan Vi dy, lidu dung va ché
do dung dugc lya chon sao cho vi khuén sinh axit lactic dugc dung cho d6i tugng theo
séng ché, c6 thé dua dén cac tac dung diéu tri, tac dung phong nglra hodc 1¢i ich stc khoe
mong mubn. Do dd, t6t hon lidu ding 14 liéu c6 hidu qua diéu tri hodc phong ngilra, ma phu
hop véi loai dong vat c6 va va thiéu hut serotonin dugc diéu tri. Vi du, liéu dung hang

ngay 13 tir 10* dén 1011, vi dy, tir 10° dén 10°, hogc tir 10° dén 10%, hogc 10° dén 10 tong
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don vi hinh thanh khudn lac (colony forming unit - CFU) cua vi khudn c6 thé dugc st
dung. Liéu ding hang ngay dugc vu tién 1a khoang 10° tdng CFU, vi dy, 107 dn 10° hogc
108 dén 10° CFU.

Chung vi khuén sinh axit lactic tot hon 1 duoc dung & dang tinh sach, dugc phan
1ap, séy kho, dong kho hodc dong khd. Ching vi khuan sinh axit lactic cling ¢6 thé dugc
dung ¢ dang bao ché té liét ho#ic hoat dong (vi du, trong san phim thuc phim 1én men).
Do vay, ching vi khuén sinh axit lactic t6t hon 12 dugc san xuét hodc diéu ché ¢ dang dugc

dong kho hodc dong kho.

Chiing vi khudn sinh axit lactic, tt hon 1a ¢ dang dugc dong kho, ¢6 thé dugc chira
trong ché pham bao gbm, ngoai chiing vi khuén sinh axit lactic, it nhit mot ta dugc va/hodc
hoat chét khac. Cac vi du khong giéi han nhung c6 tinh minh hoa vé cac ta dugc nay bao
g6m cac chit don, chét chéng dinh, chét gén két, chét pht ngoai, chit mau, chét gay ra,
chét tao mui, chét truot, chét bai tron, chét bao quan, chét hép thu, chét tao ngot va ta dugc

léng.

Céc hoat chit khac c6 thé duge bao gdm trong ché phdm chira céc hoat chét nay
duogc st dung trong diéu tri bénh hoidc roi loan bét ky trong sb cac vi du néu trén vé bénh

hoic 16i loan do thiéu hut serotonin.

Mot khia canh lién quan cua sang ché xac dinh phuong phap ngin ngira, G ché
hogc diéu tri thiéu hut serotonin va/hodc bénh lién quan dén thiéu hut serotonin & ddi tuong.
Phuong phap nay bao gdm viéc st dung vi khuén thudc ching vi khuan sinh axit lactic ¢6
kha nang san sinh va giai phong serotonin ngoai bao trong cac diéu kién hiéu khi cho ddi

tuong.

C6 thé str dung duong dung bét ky trong s6 cac dudong ding néu trén. Ching vi
khuén sinh axit lactic c6 thé c6 loi khi duge dung ¢ dang ché pham nhu dugc md ta trén
day.

Péi tuong can diéu tri bang ching vi khuin sinh axit lactic hodc ché phim 1 dong
vat ¢6 vi hodc chim, va t6t hon 1a nguoi. Tuy nhién, chung vi khuén sinh axit lactic ho#c
ché phim ciing c6 thé hodc theo cach khac duge dung cho muc dich thi y. Trong truong
hop nhu véy, d6i tuong co thé, vi du, duoc chon trong sb meo, cho, ctru, dé, bo, ngua lam

cac vi du minh hoa nhung khong gi6i han.
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Vi du thwe hién sang ché

Hé vi khuan dudng rudt tao ra rAt nhidu chit chuyén héa khac nhau c6 tac dong dén
sinh 1y cua vat chu, ching han c4c axit mat thir cAp va axit béo mach ngén. Tuy nhién, hé
vi khuén nay c6 mot tiém nang to 16n va tuong dbi chua duoc kham pha dé chuyén héa
céc axit amin thom. C4c vi du ciia sang ché chimg minh rang serotonin dugc san sinh trong
1ong dng rudt béi cac vi khuén dudng ruot, ching han Lactobacillus, duoc hép thu va ¢6
cac tac dung ca & cuc bd va ngoai vi. Serotonin dugc san sinh boi vi khudn c¢é hoat tinh
sinh hoc va cé thé giai ctru cdc kiéu hinh phat trién ctia hé than kinh rudt. Céc vi du cua
sang ché ciing thé hién rang céc vi khudn san sinh serotonin t6t dic biét ¢ thé duge phén
lap va chon loc vé kha nang san sinh serotonin trong cac diéu kién hiéu khi. Vi khuan san

sinh serotonin nay ciing dwgc thé hién 12 c6 kha nang san sinh serotonin in vivo.

Vi du 1 — San sinh serotonin in vitro va in vivo va danh gia cac ching vi khudn thich
hop

Vat liéu va phwong phdp

Dong vat

Céc con chudt Tphl+/+ (1am d6i chung cung ltra) va Tphl-/- (nén C57BI/6) 8-12
tudn tudi duoc nudi trong phong c6 kiém soat khi hau (22 + 2°C) dugc dua vao chu ky 12
gio chiéu sang/tbi (7:00 AM - 7:00 PM), cho dn va ubng nuéc ty do. Chudt Tphl-/- dd
duoc md ta trude do (Cell 135: 825-837 (2008)). T4t ca cac quy trinh dong vét da dugc
phé duyét boi Uy ban Dao dtc vé Chim soc va St dung Dong vat & Gothenburg, Thuy
Pién. Pong vat thu dugc tir nhén giéng di hop tir va dugc xéac dinh kiéu gen trude khi thi
nghiém. Dai trang gﬁn, huyét thanh tir £inh mach chu, vat liéu tr long 6ng rudt va manh
trang thu duge tir mdi con vat sau thi nghiém. TPHI 1a enzym giGi han ty 1€ tham gia vao
qué trinh tdng hop serotonin ndi sinh & ngoai vi bao gdm trong duong tiéu héa. Do do,
chudt bi bat hoat gen Tphl (Tphl-/-), bi thiéu hut san sinh serotonin ndi sinh bén ngoai nao
bd. Viéc bt hoat bidu hién Tph! trong dudng tiéu hoa ctia chudt Tphl-/- duge xac nhan
bing phan tng chudi tring hop dinh lugng (quantitative polymerase chain reaction -
qPCR). Mot sé mtrc serotonin rit thap & nhitng con vat bi bét hoat gen nay van con ngay
c4 sau khi tai tao ra cac con vat duéi dang khong c6 vi sinh vat (GF). Co thé nhirng mirc

thip nay co thé duoc tao ra béi cic co ché bu trir, thudng gip & dong vét bi bat hoat gen,
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ching han do sy hydroxyl hoa khong déc hiéu cia tryptophan bdi phenylalanin hodc

tyrosin hydroxylaza trong rudt.

Nudi cay vi khuan, Lactobacillus

Dbi voi cac thi nghiém in vitro, Lactobacillus reuteri (DSM 17938, DSM 32846,
DSM 32848, DSM 32849, DSM 27131 va ATCC PTA 6475), L. plantarum 36E (thu duogc
tir B suu tap gidng chuén cua Truong Pai hoc Gothenburg 1a “CCUG 617307), L. casei
LMG 6904 (thu dugc tir BO suu tap vi sinh vat phdi hop cta Bi) va L. acidophilus ATCC
4356 (thu dugc tu Bao tang gibng chuan ctia M) dugc nudi cdy trong canh trudong
decarboxylaza (DECT) dugc bién d6i bai tryptophan trong diéu kién ky khi, tirc 1a trong
budng Coy. Trong céc thir nghiém song song, ching Lactobacillus reuteris (DSM 17938,
DSM 32846, DSM 32848, DSM 32849, DSM 27131 va ATCC PTA 6475) dugc nudi cy
trong canh truong DECT dugc bién ddi boi tryptophan trong céc didu kién hiéu khi cta
mdi trudng xung quanh. Mdi mé nudi cdy duoc 1dy méu & 24 gio va mau duoc ly tim
(10.000 x g, 4°C, 2 phit). Thu vién vén va bao quan trong glyxerol 20% (chét bao quan
lanh) va dong bang ¢ -80°C cho dén khi sir dung.

Canh truong DECT duge bién dbi boi tryptophan duge thit ké dé thic ddy qua
trinh khtt carboxyl cua tryptophan va san sinh serotonin bdi vi khuén. DECT chira 0,5%
phan chiét cta thit bo (BD Biosciences #212303), 0,1% phan chiét cia nAm men (Oxoid
Fisher-Scientific #L.P0021), d-glucoza 0,05% (Millipore #346351), L-tryptophan 1%
(Sigma-Aldrich #93659) va, cho céc diéu kién ky khi, 0,05% xystein trong nudc cat. bé
thu dugc cac DECT khac nhau thiéu oxy, xystein 0,05% duoc thém vao lam chét khir.
DECT dugc khir tring trong 30 phut, 15 PSI & 121°C.

Céc thir nehiém ciy cho chudt, Lactobacillus

Péi v6i cac thir nghiém nay, cac ching vi khuén L. reuteri (DSM 17938, DSM
27131) va L. casei (LMG 6904) dugc nudi cdy nhu trén trong céc diéu kién ky khi, nhung
trong mdi trudong MRS (De Man, Rogosa and Sharpe) thay cho canh truong DECT. Céc
mau nudi cdy duge thu gom & 24 gio, ly tim (4500 x g, 20 pht, 4°C), sau d6 loai bo phan
dich ndi. Tao huyén pht lai vién von vi khu4n trong 6ng hungate chira 5 mL dung dich
dém khir vo tring (PBS dugc khir va vo tring tron v6i NaaSe9H0 0,24 g/L. va xystein 0,5
g/L v6i s ¢6 mit cua NaHCOs 4 g/L). Chudt Tphl-/- trudng thanh duge chuyén vao budng
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cach ly dé thir nghiém va cho nhin doi trong 4 gio. Sau do chung dugc cho dn qua éng
thong da day (dugc cho an, dugc cdy) bang 200uL dung dich chtra mot loai bét ky trong
s6 cac ching vi khuén. Vao ngay 14 sau khi cdy, rudt két gan, dam r6i than kinh co rudt -
co doc (longitudinal muscle—myenteric plexus - LMMP), va huyét thanh tir tinh mach chu,

dugc thu gom tr nhitng con vét nay va xu ly dé phan tich tiép theo.

Po serotonin trong huvét thanh bing phuong phap ELISA

Huyét thanh tir cac mau mau thu duoc tir 1inh mach chu dugc chuin bi bang cich
sit dung cac bng Microvette® 500 7-Gel (Sarstedt) sau kh1 ly tdm (5 phut; 10.000 x g;
nhlet do phong (RT), 20-25°C). Nong do serotonin trong cac mau huyét thanh dugc danh
gia bang céch sir dung ELISA kit ADI-900-175 (Enzo Life Sciences), theo hudng din cla
nha san xuét.

Po cac chit chuyén héa cua tryptophan trong canh truong bing phuong phap do

khdi phd (mass spectromietry - MS) - MS rong

Phin dich ndi ctia canh trudng (50pL) duge chiét bang 500puL metanol/axit axetic
[99/1; thé tich/thé tich] chia d6-kynurenin 500 nM, d5-5-HIAA 1,25 uM va d4-Serotonin
250 nM 1am c4c chuén ndi (Sigma-Aldrich, Stockholm, Thuy Dién). Sau khi xoéy va ly
tam, cac mau duoc tinh sach bing cach chuyén phan dich nbi qua dia OSTRO SPE 96
(Waters, Milford, MA) nho st dung bd phan phdi 4p suit duong (Biotage AB, Uppsala,
Thuy Dién). Sau khi cho céc cht bay hoi bay hoi trong dong khi nito & 40°C, tai hoan
nguyén cac mau trong 150pL. dung mdi bom (metanol:nudc [10:90] + 0,1% axit clohydric
(thé tich/thé tich)). Pudng cong chudn chira serotonin, tryptophan, 5-HIAA, kynurenin,
indol, tryptamin va 5-hydroxytryptophan (Sigma-Aldrich, Stockholm, Thuy Dién) dugc
tao trong metanol/axit axetic [99/1; thé tich/thé tich] va xtr Iy cach tuong tu nhu cdc mau.
Céc mau va mau dudng cong hiéu chinh duge bom vao hé théng Waters Acquity UPLC
duogc trang bi cot Waters BEH C18 (c& hat 2,1 x 100mm; 1,7 pm). Duy tri nhiét do cua cot
& 60°C va toc do dong 1a 0,4 mL/phut. Nhi¢t d6 cua dung cu lay mau tu dong dugc giit &
10°C. Cac pha di dong gdm nudce véi 0,1% axit formic (A) va axetonitril vai 0,1% axit
formic (B). Tién hanh rira gidi gradien bit ddu bang rira gidi dang dong v6i 1% B trong 1
phut. Sau d6 tang gradien tuyén tinh tir 1-15% B trong 2 phut sau do1a 15-99% B trong 1
phut. Sau 1 phut rira gidi dang dong & 99% B dua gradien trd lai 1% B va giit trong 2 phut
trong tong thoi gian chay 12 7 phut. Cac chét chuyén hoa cua tryptophan dugc phat hién
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nho stt dung Xevo TQ-XS (Waters, Milford, MA) sir dung dién phun duong. Sau khi tdi
uu hda, cic tham $6 nguf”)n jon 1a: Mao din: 1,00 kV, nhiét do khtr solvat 500°C, dong khi
khir solvat 1000 L/gio, dong khi hinh n6n 150 L/gio, ap suét khi cta binh phun 7,0 bar,
dién 4p hinh non (V) va nang luong va cham (eV): serotonin 30 V va 10 eV; tryptophan
25 V va 25 eV; 5-HIAA 20 V va 20 eV; kynurenin 20 V va 18 eV; indol 50 V va 23 eV;
tryptamin 20 V va 18 eV; 5-hydroxytryptophan 25 V va 18 Ev. Su chuyén tiép ion cta tién
chét/san phém manh nhét duogc chon. Tiép theo, su chuyén tiép MRM dugc str dung la:
serotonin m/z 177,1 > 160,3; tryptophan 2052 > 118,25; 5-HIAA 1924 > 146.2;
kynurenin 209,1 > 146,1; indol 1182 > 912; ftryptamin 161,3 > 1443; 5-
hydroxytryptophan 221,2 > 162,2; d6-kynurenin 215,1 > 152,1; d4-serotonin 181,2 >
164,2; d5-5-HIAA 197,3 > 151,2. Thoi gian dimg 12 24 mili gidy.

Po serotonin trong canh truong bing phuong phap do Kkhoi phé (MS) - MS nhay,

dac hiéu vdi serotonin

Phin dich ndi cta canh truong (50pL) dugc chiét biang 250uL metanol/axit axetic
[99/1; thé tich/thé tich] chira serotonin (khong dugc danh dau) lam chuin ndi (Sigma-
Aldrich, Stockholm, Thuy Dién). Sau khi xoay va ly tdm, cac mau dugc tinh sach béng
céch chuyén phan dich ndi qua dia OSTRO SPE 96 (Waters, Milford, MA) nh¢ st dung
b phan phdi ap suét duong (Biotage AB, Uppsala, Thuy Pién). Sau khi cho céac chét bay
hoi bay hoi trong dong khi nito & 40°C tai hoan nguyén cac mau trong 150ul. dung mdi
bom (metanol:nude [10:90] + 0,1% axit clohydric (thé tich/thé tich)). Puong cong chuén
chira serotonin (Sigma-Aldrich, Stockholm, Thuy Dién) dugc tao trong metanol/axit axetic
[99/1; thé tich/thé tich] va xt 1y cach tuong tu nhu cic mAu. Cac mau va mau dudng cong
hiéu chinh dugc bom vao hé théng Waters Acquity UPLC dugc trang bi cot Waters BEH
C18 (c& hat 2,1 x 100mm; 1,7um). Duy tri nhiét do cda cdt & 60°C va tdc do dong 1a 0,4
mL/phtt. Nhiét do ciia dung cu 14y mau tw dong duoc giit ¢ 16°C. Céc pha di dong gbm
nuée véi 0,1% axit formic (A) va axetonitril vi 0,1% axit formic (B). Tién hanh rira giai
gradien bt dAu bing rira giai ding dong v6i 1% B trong 1 phit. Sau d6 taing gradien tuyén
tinh tir 1-15% B trong 2 phut sau d6 1 15-99% B trong 1 phut. Sau 1 phut rira giai diang
dong & 99% B dua gradien trd lai 1% B va gift trong 2 phut trong tong thoi gian chay 1a 7
phit. Serotonin dugc phat hién nho sir dung Xevo TQ-XS (Waters, Milford, MA) st dung

dién phun duong. Sau khi t6i wru hoa, cac tham sb ngudn ion 1a: Mao dan: 1,00 kV, nhiét
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d6 khit solvat 500°C, dong khi khir solvat 1000 L/gio, dong khi hinh nén 150 L/h, 4p suét
khi ctia binh phun 7,0 bar, dién ap hinh nén (V) va néng luong va cham (eV): serotonin 30
Vval0eV Sy chuyén tiép ion cua tién chét/san phém manh nhét duoc chon. Tiép theo,
su chuyén tiép MRM dugc st dung 1a: serotonin m/z 177,1 > 160,3. Thoi gian dung 1a 27
mili gidy.

Két qua:

Céac ching vi khudn san sinh axit lactic 12 loai séng phd bién trong rudt ngudi va
nhiéu chung vi khuan san sinh axit lactic 1a cac vi khuén probiotic da duoc nghién ctru 10.
Kha ning san sinh serotonin ctua mot s6 ching Lactobacillus, bao gdm céc ching thudc
loai L. reuteri, L. plantarum, L. casei, va L. acidophilus, do d6 da dugc kiém tra béng thu
nghiém do khéi phé (MS) rong duge t6i wu hoa cho céc chat chuyén héa cu thé clia
tryptophan, bao gdm serotonin, dé nhédn dién cac ching vi khudn c6 kha ning sén sinh
serotonin trong céc diéu kién ky khi va hiéu khi. V6i phuong phép nay, tit ca cac ching
L. reuteri dugc tht nghiém déu duoc thdy 1 san sinh serotonin khi duoc nudi cy ky khi
trong canh truong DECT trong 24 gio (Fig.1A va bang 1). Ngac nhién 13, chung vi khun
L. reuteris cling dugc thdy 12 san sinh serotonin khi chung dugc nudi cdy hiéu khi trong
canh truong DECT trong 24 gi¢ (Fig.1A va bang 1). Quan trong 12, va thAm chi ngac nhién
hon 12, cac mirc serotonin duge san sinh boi chiing L. reuteris trong cac didu kién hiéu khi
cao hon rd rét trong cac didu kién hiéu khi so véi trong cac didu kién ky khi, dan dén ty 1&
san sinh serotonin hiéu khi/ky khi 12 16n hon 1,0 (>1,0). Ngugc lai, khong thiy c6 su san
sinh serotonin d6i véi cac cac chiing vi khudn khac duoc thir nghiém, tic 1a, L. casei LMG
6904, L. plantarum 36E hodc L. acidophilus ATCC 4356, khi ching duogc nuoil céy trong
céc diéu kién ky khi (bang 1).

| Bang 1 — Su séan sinh serotonin ¢ DECT, céc didu kién hiéu khi hodc ky khi (nM)

d6i véi cac chung vi khudn Lactobacillus nhu dugc do bing phuong phap MS rong

]

Chuing vi khuan San sinh | San sinh serotonin

. Ty 1€ san sinh
serotonin & | & DECT, céc di€u ,
. serotonin hiéu
DECT, céc diéu | kién ky khi (nM)
, khi/san sinh
kién hicu Ikhi

(nM)

serctonin ky khi
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L. reuteri DSM 17938 7,0 1,8 3,9
L. reuteri DSM 32846 10,0 25 4,0
L. reuteri ATCC PTA 6,1 1,7 16
6475 ’
L. reuteri DSM 32848 8,8 1,0 8,8
L. reuteri DSM 32849 7,8 1,0 7,8
L. reuteri DSM 27131 9,1 3,1 2.9
L. plantarum 36E Khéng dugc thir 0,0 )
n/a
nghiém
L. casei LMG 6904 Khong dugc thu 0,0 y
a
nghiém
L. acidophilus ATCC | Khong dugc thi 0,0 )
: n/a
4356 nghiém
W—————L————J—_——_"———_———m—-————_“——

38/69

Ba chung, L. casei LMG 6904, L. plantarum 36E va L. acidophilus ATCC 4356,

cling dugc thtt nghiém vé sy san sinh serotonin bang cach st dung phwong phap do khoi

pho, nhay hon va déc hi¢u véi serotonin. Bang cach st dung phuwong phap nay, cac muc

serotonin thip hodc rét thip da dugc phat hién trong moi truong thu duge tir tat ca cac

ching vi khuan nay sau khi nuéi cly trong cic diéu kién ky khi (bang 2). Tuy nhién, khéng

phét hién dugc seretonin bang phuong phép nhay, dac hiéu véi serotonin nay sau khi nudi

cdy cac chung vi khuén nay trong cic didu kién hiéu khi (bang 2).

Bang 2 — Su séan sinh serotonin & DECT, céc didu kién hiéu khi hodc ky khi (nM)

dbi véi céc chung vi khudn Lactobacillus nhu dugce do bing phuong phap MS nhay, dic

hiéu vdi serotonin.
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M

Ching vi khuén San sinh serotonin &

San sinh serotonin ¢ DECT, L
DECT, cac diéu kién ky

cac diéu kién hiéu khi (nM)

khi (nM)
L. plantarum 36E 0,0 0,3
L. casei LMG 6904 0,0 0,1
L. acidophilus ATCC | 0,0 ' 0,9

4356

Céc két qua nay chi ra ring mot sb, nhung khong phai tat ca, ching vi khuén sin
sinh axit lactic ¢6 kha niing san sinh serotonin trong cac diéu kién ky khi va/hodc hiéu khi.
Ngoai ra, mot s& chung vi khuén san sinh axit lactic ¢6 kha nang san sinh serotonin trong
céc didu kién ky khi, nhung khong c6 kha nang san sinh serotonin trong céc diéu kién hiéu
khi. Céc két qua nay cling ching minh rang cac chung vi khuén san sinh axit lactic khac
nhau 12 cac lodi san sinh serotonin tdt hon so vé6i cac chung vi khuén san sinh axit lactic
trong diéu kién in vitro md phong cac diéu kién in vivo cua dudng tiéu hoa.

Trong céac thir nghiém tiép theo, va dé tim hiéu xem liéu serotonin dugc san sinh
bdi céc chung vi khun L. reuteri cé hoat tinh sinh hoc va c6 thé duogc van chuyén vao, va
g6p phan vao nhom serotonin tudn hoan in vivo & chudt GF Tphl-/- hay khong. Céac con
chudt nay, bi thiéu hut san sinh serotonin tu sinh, dugc chy bang L. reuteri DSM 17938
hodc L. reuteri DSM 27131. Sy tdng mirc serotonin trong huyét thanh cua chudt GF Tphl-
/- dugc ghi nhan nho st dung ELISA sau khi ciy bang mot trong sb chung L. reuteris
(Fig.1B), va su tang ndy 1a rd rét hon véi DSM 27131 khi so véi DSM 17938. Tréi lai, khi
chuot GF Tphl-/- dugc ciy bang L. casei LMG 6904, khong san sinh serotonin in vitro
(Fig.1A, bang 1, bang 2), cdc mirc serotonin trong huyét thanh khong tang (Fig.1B). Cac
két qua cia cac thi nghiém nay cho thiy o rang ring céc loai Lactobacillus cu thé, va cac
chung vi khudn san sinh axit lactic cu thé, c6 kha ning san sinh serotonin cuc bd trong
duong tiéu hoa, chung 1a kha dung sinh hoc dbi v6i vat chi va ¢6 thé dugc van chuyén tir
duong tiéu hoa dén ngoai vi, do d6 gop phan ca vao nhém serotonin trong duong tiéu hoa

va toan than.
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Do d6, cic két qua chi ra ring L. reuteri DSM 17938 va L. reuteri DSM 27131 1a
cac vidu vé cac chung vi khun san sinh axit lagtic ¢6 thé dugc chon loc dua vao kha nang
san sinh serotonin hiéu khi ctia chiing, ty 1€ san sinh serotonin trong didu kién hiéu khi/san
sinh serotonin trong diéu kién ky khi cao va rang chiing c¢6 thé duge dung dé lam ting muc
serotonin in vivo. Hai ching vi khuén nay, va c4c chung vi khuén san sinh axit lactic khéc,
chang han chiing vi khuén L. reuteris trong bang 1, c6 kha nang san sinh serotonin trong
cac didu kién hiéu khi gidng hoic tuong tw, vi vay co thé dugc xem 1a c6 hiéu qua trong
diu tri thiéu hut serotonin va bénh lién quan dén thiéu hut serotonin. Mat khac, méc du c6
kha nang san sinh & muc thip serotonin trong cac diéu kién ky khi, chting vi khuén ching
han L. plantarum 36E, L. casei LMG 6904, hodac L. acidophilus ATCC 4356, s€ khong
duoc chon hodc duge xem la c6 hiéu qua trong didu tri thiéu hut serotonin dya vao viéc

chung khong c6 kha nang san sinh serotonin trong cac diéu kién hicu khi in vitro.

Vi du 2 — San sinh serotonin in vitro va in vivo va danh gia cac chung vi khuan thich

hop bd sung

Do céc ching vi khuan Lactobacillus reuteri trong vi du 1 dugc thay la céc ching
san sinh serotonin tét trong ca diéu kién ky khi va hiéu khi, mot so chung vi khuan L.
reuteri bd sung (bang 3) dugc danh gid vé sy san sinh serotonin cua chung.

Vat liéu va phwong phdp

TAt ca cac phuong phap nudi cdy vi khuan va danh gia serotonin dugc thyc hién
nhu mo ta trong vi du 1 bang cach st dung phwong phép MS nhay va dac hi€u vé1
serotonin. Céc ching vi khuin sinh axit lactic dugc thir nghi¢m trong vi du nay va cac muc
serotonin dugc phat hién duge néu trong bang 3 dudi day.

Két qua:

Céc chung vi khudn L. reuteri bd sung dugc nudi cay trong ca diéu kién ky khi va
hiéu khi trong DECT trong 24 gi va sau d6 dénh gia nong d serotonin trong moi truéng
nudi cdy twong Gng (bang 3). Thay rang tat ca cac ching vi khuan L. reuteri b0 sung nay
déu c6 kha ning san sinh thap, nhitng co6 thé phat hién duge, luong serotonin trong cac
didu kién ky khi. Con thay rdng tat ca cac chiing vi khuan L. reuteri nay déu san sinh nhiéu

serotonin hon trong cac didu kién hicu khi so véi trong cac dicu kién ky khi (bang 3). Vi
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viy, tit ca cAc chung L. reuteri nay, ¢ thé duge chon lam cdc ching phu hop theo sang
ché dé st dung trong diéu trj thiéu hut serotonin va bénh lién quan dén thiéu hut serotonin.

Bang 3 — San sinh serotonin & DECT, céc diéu kién hicu khi hodc ky khi (nM) do1
véi cac chung vi khuan Lactobacillus reuteri bo sung, nhu dugc do bang phuong phép MS

nhay dic hiéu véi serotonin

== RS

Chuing vi khuan San sinh San sinh
Ty 1€ san sinh
serotonin & serotonin & .
. . serotonin hi€u
DECT, céc diéu | DECT, céc diéu ‘
, ' . khi/san sinh
kién hicu khi kién ky khi (nM)
: “serotonin ky khi
(nM)
L. reuteri DSM 27131 1,1 0,4 2,8
L. reuteri DSM 32465 1,3 0,4 7 3,3
L reuteri ATCCPTA| 038 07 .
6475 | ’
L. reuteri DSM 33634 0,8 0.4 20
L. reuteri DSM 33635 1,3 0,4 3,3
L. reuteri ATCC PTA 1,3 0,5 >
5289 T
L. reuteri DSM 33632 1,5 0,4 3,8
L. reuteri DSM 33033 1,4 0,2 7,0
L. reuteri DSM 33509 0,9 0,2 4.5

Vi du 3 — Serotonin dugc sén sinh béi vi khuan ¢6 tac dung in vivo doi véi su phat

trién cia ENS va quan trong doi v6i sy phan bo day than kinh trong ngach cha rudt két

Vét liéu va cdc phwong phdp

Nudi cay vi khuan, manh trang chudt
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Manh trang duoc l4y tir chudt Tphl+/+ binh thuong va duge nudi ciy trong DECT
trong cac diéu kién ky khi & 37°C trong 48 gio. Tai thoi diém nay, cac mau dugc ly tdm
(10.000 x g, 4°C, 2 phit) va thu 14y vién vén. Bao quan vién von trong glyxerol 20% (chat
b4o quan lanh) va dong bang & -80°C cho dén khi str dung.

Nudi cay vi khuan, Lactobacillus

Dbi voi cac thi nghiém in vivo, L. reuteri DSM 27131 va L. casei LMG 6904 dugc
nudi cdy trong MRS trong cac didu kién ky khi. Mdi mé nudi cly duoc liy mau & 24 gio
vamau duoge ly tdm (10.000 x g, 4°C, 2 phut). Bdo quéan vién von trong glyxerol 20% (chét
bao quan lanh) va dong bang ¢ -80°C cho dén khi str dung.

C4c thir nehiém cAv cho chudt, manh trang chudt va Lactobacillus

D&i v6i cac thir nghiém nay, manh trang chudt, cac chét trong manh trang ciia chudt
duoc nudi cdy 48 gio trong canh truong DECT hodc L. reuteri DSM 27131 va L. casei
LMG 6904 dugc nudi cay 24 giv trong MRS dugc st dung. Cac vién von thu duge to
manh trang chudt va cac chung nudi chy Lactobacillus duorc tao huyén phu lai trong bng
hungate chta 5 mL dung dich dém khir v6 trung (PBS dugc khir va vo tring tron véi
NaySe9H,0 0,24 g/L va xystein 0,5 g/L v6i su c6 mdt cia NaHCOs 4 g/L). Chu¢t Tphl-/-
tredong thanh dugc chuyén vao budng cach ly thi nghiém va cho nhin &n trong 4 gi0. Chudt
dugc cho an qua dudng dng thong da day 200 pL mot trong s6 dung dich chua vi khuén
tir manh trang ctia chudt hodc Lactobacillus. Vao ngay thir 14 sau khi cdy, rudt két gan,
LMMP, huyét thanh tir tinh mach chu, cac chét trong long 6ng ctia rudt két va manh trang

dugc thu gom tir nhitng con vat nay.

Hoa md mién dich

Céc mAu rudt két gan dugce c¢b dinh trong PFA 4% G 4°C qua dém va giit trong 70%
EtOH ¢ 4°C trude khi ph?m chia. M6 duogc nhﬁng tfong parafin va cac phén cit day 10pum
dugc khir parafin theo cac bude tuan tu (TissuClear 2x12 phit; 99% EtOH 2x2 phut; 95%
EtOH 2x2phiit) bing hé Leica System. Dé 14y khang nguyén, céc lam kinh duge u v6i 10
mM natri xitrat / dung dich 0,05% TWEEN® 20 (pH 6,0), duoc lam 4m trong bé nudc
(95°C) trong 20 phut, G & RT trong 20 phit va rira hai lan bang PBS-0,05% TWEEN® 20.
Tiép theo, 1 lam kinh v6i dung dich phong bé (PBS / 4% BSA /4% huyét thanh lira) trong
1 gio, 0 RT; khang thé Y chp (bang 4) dugc pha loang trong dung dich phong bé qua dém,
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& 4°C; khang thé thir cAp (bang 4) dugc pha lodng trong dung dich phong bé trong 1 gid &
RT; va dung dich Hoechst trong 5 phut ¢ RT. Tt viéc G voi khang thé so cép, mdi bude

theo sau 13 hai budc riva trong PBS. Cac lam kinh dugc géin bing phuong tién gin (Dako).

Bang 4 — Céc khang thé ding cho héa md mién dich

Céc khang thé so
cip Nha sin xuit Tham chiéu Pha loang
Khang serotonin cua
~ chudt | Abcam ab6336 1/400
Khang PGP9.5 cua _
tho Sigma-Aldrich SAB4503057 1/400
Khéang TUJ 1 ctia thd Abcam ab18207 1/400
Khang thé thir cip Nha sdn xuat Tham chiéu Pha loang
Khang 488 chudt cua Life
ltra technologies A21208 1/500
Khang 568 tho cua Life
lra technologies A10042 1/500
T ,« T i B R

- Sau khi cit, cAc mAu LMMP dugc ¢ dinh trong PFA 4% & 4°C qua dém va rira
bing PBS lanh 3 14n trong 10 phut. Tiép theo, cac LMMP dugc gilt trong dung dich NaN3
(NaN3 0,1% duoc pha lodng trong PBS) ¢ 4°C cho dén khi nhuom mién dich. Cac mau
LMMP dugc i trong 300uL dung dich phong bé (Triton X100 0,5%, BSA 4% va huyét
thanh ltra 4% trong dung dich NaN3 0,1%) trong 1 gi0. Tiép theo, cac mé dugce 1 qua dém
v6i khang thé so cdp (bang 4) dugc pha loang trong dung dich phong bé sau_d6 14 rira bang
PBS 3 l4n, 10 phit va dugce a v6i khang thé thtr cdp (bang 4) trong 1,5 gio. Rira cdc md
bing PBS 3 14n, 10 phut va 0 v6i dung dich Hoechst trong 5 phut v rira lai bang PBS 3
1an, 10 phit. cac mAu LMMP duge gfn bang phuong tién 14 dung dich gin phat huynh
quang.
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Mo duge nhudm mién dich duoc chup anh béng phép hién vi déng tu stir dung kinh
hién vi soi ngugc quét laze Zeiss Laser Scanning Inverted Microscope LSM-700 dugc

trang bi vat kinh 20%/0,8 NA va phan mém Black Zen (Carl Zeiss).

PGP9.5 va TuJ1 13 cac diu chuin da dugc xé4c dinh 16 cho cdc noron rudt trudng
thanh. Déi véi rudt két gin, ty 18 phan trim ctia ving duong tinh mién dich doi véi PGP9.5
hoic TUJ1 bén trong mo rudt két nho @6 duge dinh lugng va s6 lugng té bao bibu md
duong tinh vé&i serotonin dugc dém va chia cho dién tich niém mac. 2-3 hinh 4nh dugc

phén tich cho mdi m6 va 3 mau mé cho moi con vat dugc phan tich.

Péi v6i nhudm mién dich ENS, dién tinh phat huynh quanh duong tinh voi

serotonin dugc dinh Iugng. 2-3 hinh dnh cho mdi mau md duoc phan tich.
Ket qua:

Vi serotonin cén thiét cho su phat trién va trudng thanh binh thudng cua ENS, tac
dung cua serotonin dugc san sinh‘b(fyi vi khuan d6i véi su phat trién cua ENS chudt duogc
nghién clru (Fig.2A-Fig.2F). Phuong phap nhudém mién dich cho thdy rang su khu trd cta
hé vi khudn trong manh trang chudt vao chudt GF Tphl-/~ da lam tang muc serotonin bén
trong cac noron rudt clia rudt két g?m (Fig.2A). Sy ¢6 mit ctia hé vi khuén trong manh
trang cling lam tang cac dAu chuén da dugc xac dinh 1o clia cac noron rudt trudng thanh,
PGP9.5 va TUJ1, trong md rudt két (Fig.2B va Fig.2C) chimg minh rang scrotonin dugc
san sinh b vi khudn déng vai trd trong qua trinh phat trién va traéng thanh cua ENS.
Chutt GF Tphl-/- ciing dugc cdy bang L. reuteri DSM 27131 hodc L. casei LMG 6904
trong 14 ngay va dugc danh gia vé sy bd sung thém serotonin cho ENS. Thiy rang viéc
cly bang L. reuteri DSM 27131, da dugc thé hién trudc d6 1a san sinh serotonin trong cac
diéu kién hiéu khi in vitro cling nhu in vivo, lam tang murc serotonin trong noron (Fig.2D)
vaDSM 27131 cling lam tdng cac dAu chuin cta cac noron trudng thanh, PGP9.5 va Tujl,
trong rudt két gan, trong khi L. casei LMG 6904 khong sén sinh serotonin khong ¢0 tac
dung 1én mac serotonin treng noron hodc cac dAu chuén cua sy trudng thanh ctia noron

trong rudt ket gan.
Vi du 4 — Phan 14p va chon loc cac chiing vi khuén ¢ ngudi san sinh serotonin
Vat liéu va cdc phrong phdp

Thu gom phin ngudi
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Viéc lay mau phan ngudi dugce thue hién tir ba nguodi cho kkhdée manh do tudi tir 30
dén 50. Nhitng nguoi tinh nguyén nay chua duoc dicu tri va chua dung bat ky chat khang
sinh nao. Viéc lay mau phén nguoi va sir dung cac mau ndy sau day duogc thuc hién theo

cac chinh sach va diéu khoan vé dao dic ciua Thuy Dién.

Nubi cay vi khuin — phan nguoi

Phan ngudi vira duge bai tiét ra (1% (trong lugng/thé tich) chat ding dé nudi ciy)
duoc nudi cdy trong canh truong DECT, trong diéu kién ky khi, tic 1a, trong budng Coy,
hoiic trong céc diéu kién hiéu khi méi truong xung quanh. Mbi mé nudi ciy duoc 14y mau
& cac thoi didm khac nhau (0 h, tic 1a trude khi nudi cdy, 12 gio, 24 giv, 36 gid, 48 gio,
60 gid) va miu duge ly tdm (10.000 x g, 4°C, 2 phut). Phén dich ndi va vién vén dugc
dong biang ¢ -80°C. Phén dich ndi dugc st dung dé do serotonin va vién von duge ding
dé phan tich tap doan vi khudn trong cac mau bang cach sir dung phan tich gen 16S rARN.
Mot luvong du trit trong glyxerol cla mdi mau cling dugc gitr tir mdi thoi diém nhu mo ta

trén day.

Phan l4p céac loai vi khuan séan sinh serotonin

Canh ti‘tt(‘mg duogc tao ra theo vi du 1. Mo6i truong LYBHI chira Brain Hearth
Infusion (BHI) 3,7% (Oxoid Fisher-Scientific # CM1135), L-xystein 0,05% (Sigma-
Aldrich #W326305), D-(+)-xenlobioza 0,1% (Sigma-Aldrich #22150), maltoza 0,1%, va
hemin 0,0006% (Sigma-Aldrich #51280). DPé thu dugce cac DECT va LYBHI khéac nhau
thiéu oxy, xystein 0,05% dugc thém vao lam chét khir. Méi truong sinh trudng duge khir
trung trong 30 phut, 15 PSI ¢ 121°C. Cac phan trit trong glyxerol 36 gio thu dirge tir phan
nguoi duoc nudi ciy trong canh truong DECT dugc cy trai trén dia LYBHI (canh trudng
LYBHI v6i 2% aga; Nordic Biolabs #214010), DECT (canh trudng v6i 2% aga) va MRS
(50 g bot MRS cta hang Sigma-Aldrich (Sigma-Aldrich #69966) va 1 ml TWEEN® 80
(Sigma-Aldrich #P8074) trong 1 L nude cht véi 2% aga) trong cac dicu kién ky khi. Vige
céy trai duoc thuc hién 3 lan nghia 13 dia nudi céy Jan th(r hai dugce thye hién tir viée léy
mau cta vung c6 mat do cao nhét trén dfa tht nhit 1én dia tha hai, va tir dia t& hai sang dia
th ba. Mdi khuén lac phan 1ap sau d6 duoc nudi cdy trong LYBHI, DECT va MRS, tuong
g dé tao ra cac phén trit trong glyxerol va dé thu 14y ADN sau khi ly tdm (10.000 x g,
4°C, 2 phiit). Viéc thu ADN dugc thue hién dé tién hanh giai trinh tw gen 16S rARN aé

nhan dang moi chung vi khuan. D¢ tinh sach cta moi chung phén 1ap dugc kiém tra bang
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cich nhudm Gram. Déi véi ddng hoc san sinh serotonin, mdi ching phén 1ap dugc nudi
cdy trong canh trudmg DECT, trong 24 gi0, trong cac didu kién hiéu khi va ky khi. Sau do,
cac mau tir cac mé nudi cdy duge thu gom va ly tdm (10.000 x g, 4°C, 2 phtt) dé thu 13y

phan dich noi va phén tich cic mitc serotonin.

Tach chiét ADN bd gen tong sb clia phan

ADN dugc tach tir vién von thu duge tir 1,5 ml mAu nudi ciy bang cach st dung kit
NucleoSpin Soil (MACHEREY-NAGEL, buc) theo hudng dan cia nha san suit nhung ¢6
thay dbi & bude ly gia t6 bao. Cac miu duge tao huyén ph trong dung dich dém SL2 ¢6
bb sung SX va sau d6 dugc tron trong may yortex ¢6 adapto ngang & tdc do 1on nhit trong
2 phiit. Té bao dugo ly gidi bing cach gia nhiét & 90°C trong 10 phit sau d6 1a pha t& bao
bang vi hat ba lin & 5,5 m/gidy trong 60 gidy nhé st dung FastPrep-24 Instrument (MP
Biomedicals). Cac budc gia nhiét va pha té bao bang vi hat duge 1ap lai thém mot l4n va
céc phin dich ndi tir hai lan chiét duoc gdp lai trude khi tinh sach nho st dung cae cot
trong kit. ADN dugc ria giai nho st dung dung dich dém rira giai va ndng 4o va chat

lugng ADN dugc kiém tra bang cach stt dyng may do quang ph6 NanoDrop.

Giai trinh tu 16S rARN va nhan dang cdc chung phén lap

Chiéu dai dy du ctia gen 16S rARN duoc khuéceh dai nho st dung cip mdi 27F va
1499 duoe thidt ké d 1ap chi muc kép (4ppl Environ Microbiol 79: $112-5120 (2013))
M>5i miu dugc khuéch dai trong 50pL phéin tmg chira HotStarTaq Master Mix 2X
(QIAGEN), 10 umol/L. m&i mdi va 250 ng ADN bd gen. Tién hanh PCR theo cac diéu
kién sau: bién tinh ban déu."trong 5 phut & 94°C, sau do la 26 chu ky gém bién tinh trong
30 gidy & 94°C, gin moi trong 40 gidy ¢ 52°C va kéo dai chudi trong 90 gidy & 72°C, va
bude kéo dai sau cung trong 7 phut & 72°C. Cac mAu duoc tinh sach bang NucleoSpin Gel
va kit PCR Clean-up (Macherey-Nagel) va dinh luong nho st dung may do quang phod
NanoDrop. Chudn bi céc dd pha loang 10 ng/ul trong thé tich 40 pL va giri dén Eurofins
dé giai trinh tu. Céc trinh tu khuéch dai xudi va nguoce duge thu nhan cho mdi chung phin
14p va dugc canh théng dé tim trinh tu lién ng. Sau do, trinh ty lién Gng dugc tim kiém
trinh tu tuong ddng nhd st dung cong cu Basic Local Alignment Search Tool cua NCBI

dé nhén dang vi khuan.

Do Serotonin trong canh trudng bang phuong phap MS nhay ddc hiéu véi serotonin
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Serotonin dige san sinh bdi cdc ching vi khuédn nay duge dinh luong nho st dung

phuong phdp do khoi phd nhay va dic hi¢u véi serotonin nhu mo ta trong vi du 1.
Ket qua:
San sinh serotonin

Pé nhan dang céc vi khudn san sinh serotonin tir rudt ngudi, cdc mau phén tir hai
nguoi cho ¢o tbug lrong san sinh serotonin cao nhét, ttre 13, ngudi cho #1 va ngudi cho
#2, duge nudi cay +ron0 DECT trong cac didu kién k} khi. Téng s, thu ducc 199 chung
phan ldp, 122 chung pndn 1ap vi khudn tir ngudi cho #1va77 trn 1guoi cho #? nh¢ st dung
cac dia Lhach LYBHL DE (’"‘ va MRS. Céc mirc sdn sinh Serotomn béi cac chung phan lap
nay sau d6 duge xéc dinh b?mg cich nuot céy cac ching phén lap thu duoc dudt dang cdc
mé cdy don trong cac diéu kién ky khi hogc hiéu khi. Trong s6 199 ching phén 1p, chi c6
sau ching phén 18p tir nguoi cho #1 va 11 chung phan lap tir ngudi cho #2 san sinh muc
serotomn phét hién duoc trong canh truong DECT trong cac dlw kién ky khi (bang 5;
Flg.3). Trong s6 199 ching phan 1ap, 24 ching phan lap trong tong sb duge thiy la san
sinh serotcnin trong cac diéu kién hiéu khi va cac chiing phéan 1ap nay bao gbm céc chung
phén lap cling san sinh serotonin trong cac diéu kién ky khi. Do v tht ci 24 ching phan
14p nay, sy san sinh serotonin dwgc cai thién trong cac d'eu kién hiéu Ichi 50 véi trong cdc
didu kién ky khi. Phap. tich giai trinh ty 16S rARN nhan dang 24 ching phan lap [a
Lactobacillus mucosae (n=13), Lactobacilius plantarum (n=6), va Enterococcus spp.
(n=1) (bang 5). Cubi cung, bbn ching phan 18p tir ngudi cho #2 chua dugc uhén dang 16
rang, nhung céc chiing phén 1ap nay c6 mbi quan hd gén gli voi Escherichia, Shigella,
hodc Brenneria cac ching vi khuin {(bang 5). Tuy nhién, cic két qua nay goi y vai trd quan
trong cua _chi LactobaciHu& va ddc biét 1a vai tro quan trong ddi vai cac ching vi khuén
Lactobacillus mucosae va Lactobacillus plantarum, trong viée sén sinh serctonin, ¢4 trong
céc didu kién ky khiva hiéu kbi.

Céc chung vi-khuan sinh axit lactic san sinh serotonin {5t trong céac dién kién hiéu
khi thude L. mucosae hoic L. plantarum dixgc chon loc (bang 5). Cu thé hon; ching vi
khuén L. mucosee h1D22g, h1M31d, h1M3 tg, va h1M32d, va L. plantarum b2M3E va
h2M3i duoe chon va ndp lun & SMZ, (cée sd nop luu twong Ging 14n Lot 12 DSM 33291,
DSM 33292, DSM 33293, DSM 33661, DSM 33662, va DSM 33295) duza vao kha nang

san sinh serotonin cua ching trong cic diéu kién hieu khi.
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Bang 5 — C4c chiing san sinh serotonin phan l8p cua ngudi va sy sdn sinh

serotonin vitro nhu duge do bing phwong phap MS nhay déac hi¢u v6i scrotonin

oo 1A a s
['y 1¢ san sinh
San sinh San sinh
. serotonin & cac
serotonin & serotonin & . ,
Nhén dang 16S diéu kién hiéu
ID DECT, cac DECT, cac
rARN . . . khi/sén sinh
diéu kién hiéu diéu kién ky
N , serotonin & cac
khi (nM) khi (nM) N
diéu kién ky khi
h1D22g; A
Lactobacillis '
DSM 7,7 1,5 5,1
maucosae
33291
hiMia L. mucosae 4,5 23 2,0
h1M31D;
DSM L.”mucosae 5,7 _ 2,9 ' 2,0
33292
hi1M31g;
7 DSM L. mucosae 5,8 1,6 | 3,6
33293
h1M32b;
DSM L. mucosae 5,2 2,8 1,9
33661
hiM32d L. mucosae 53 1,7 3,1
h2Dla Chura biét 1,3 0,4 3,25
h2D1b Chira biét 0,4 0,03 13,3
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Escherichia
fergusoni coli;
Shigella
h2Dlc sonnei, boydii, 0,9 0,0 n/a
[lexneri;
Brenneria

alni*

E. fergusoni

coli; S. sonnei,
h2D1d . 0,7 0,2 3.5
[flexneri; B.

alni*
h2MTla L. mucosae 2.2 G,0 n/a
hZMIb L. mucosae 3,2 0,1 32,0
h2Mlc L. mucosae 4,5 0,1 45,0
h2M1d L. mucosae 2,8 0,3 9,3
WMie | L mucosae ) 0,6 53
WMty | L mucosae 35 04 88

112M1i L. mﬁcosae 3,2 - 0,000 n/a

FEnterococcus

faecium, hirae,

h2M2h 6.6 0,2 33,0
- durans,
mundti* |
h2M3c L. plantarum 2,1 1.0 2,1
h2M3e; L. plantarum 2.5 1,5 | 1,7
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DSM

33662

h2M3f L. plantarum 3,1 0,0 n/a
h2M3g L. plantarum 2,7 0,0 n/a
h2M3h L. plantarum 2.4 0,0 n/a
h1M3i;

DSM L. cplantarum 3.4 0,0 n/a
33295

* Khong thé nhan dang dugc loai clia ching phén lap nay va viéc nhén dang dua

trén 16S rARN cho ra tét ca cac loai duge liét ké 1a cac loai tiém nang cla chiing phén lap.
Vi du 5 — Céc thir nghiém cay cho chudt bang céc ching vi khuan san sinh serotonin
clia nguoi
Vat liéu va phwong phap

CAy cho chudt bang cc ching vi khuan san sinh serotonin cua ngudi

Viéc céy cho chu6t duge thuc hién nhd st dung chudt Tphl-/- khong co v1 sinh vat.
Céc con vat dugc cdy bing mdt trong s6 Lactobacillus mucosae DSM 33661 hodc
Lactobacillus plantarum DSM 33662 nho st dung phuong phéap 2idng nhur md t& trong vi
du 3. I—Iuy‘ét thanh va cac mau long 6ng rudt, cling nhu mo tir rudt két gén, dugc thu gofn

vao 14 ngay sau khi ciy va phan tich serotonin.

Po serotonin trong, huvét thanh va long Sng rudt bing ELISA

Céc mau mau tir huyét thanh dugc thu tir 1ink mach chil dugc chuén bi nho st dung
cac dng Microvette® 500 Z-Gel (Sarstedt) sau khi ly tam (5 phut; 10.000 x g; nhiét do
phong (RT), 20-25°C). Chét trong 1ong 6ng rudt ctia dudng tiéu hoa duge 14y mau tir rudt
két gin hodc ttr manh trémg.' Céc chat trong long dng rudt ndy dugc can va dong bang
nhanh. Serotonin tir cic chét trong long bng rudt sau dugc dugce tach chiét nhu sau. Mot
thé tich dung dich Tris-HC1 25 mM / EDTA | mM / EGTA 1 mM dugc thém vao mdi mau
(trong lwong/thé tich 1a 1 mg/ 2 pL), duoc dbng nhat hoa véi S mm hat thép va TissueLyser
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(Qiagen, 25 Hz, 2 phut), dugc u qua dém ¢ 4°C va ly tam ¢ 4°C, 20 phut, 10.000 x g. Phan
dich ndi ctia m&i mAu dugc thu gom v gitt & -80°C cho dén khi phan tich. Céc phan dich
ndi canh truong thu dugc tr cac mé nudi cdy vi khuin dé do serotonin va canh truong
khong nudi ciy dugc dung lam méu tring. Serotonin tir tAt ci cac mAu duoc danh gia bang
cach st dung kit ELISA ADI-900-175 (Enzo Life Sciences), theo hudng dan clia nha san
xuét.

Ving duong tinh mién dich véi serotonin trong rudt két gdn

Duong tinh mién dich véi serotonin ¢ cac mau md tir ving rudt két gan dugce phan

tich va dinh luong nhu mé ta trong vi du 3.
Két qua

Hai ching vi khudn phan 14p tir nguoi, L. mucosae DSM 33661 va L. plantarum
DSM 33662, duge chon loc dua trén kha ning san sinh serotonin cua nod trong cac diéu
kién ky khi va hiéu khi in vitro. Cac ching nay duoc thay 13 ciing san sinh serotonin chirc
ning in vivo (Fig.4). Db thi thé hién rang cac ching vi khuén nay c6 kha nang lam ting
c4c muc serotonin ca cilc bo trong long 6ng rudt (Fig.4A) va trong hé tuin hoan toan than
(chc mau huyét thanh, Fig.4B) khi so v6i cac mirc phat hién trong chudét khong ¢6 vi sinh
vat twong rmg. Ngoai ra, ca hai chung vi khuan & nguoi nay duoc thay 1a lam ting viung
duong tinh v6i serotonin trong ENS ctia rudt két gan (Fig.4C). Do d6, cac ching vi khudn
clia nguoi nay ¢6 kha nang lam téng céc mic serotonin cuc bo trong long éng rudt (manh
trang) in vivo va serotonin éuogc san sinh cuc bo nay co6 hoat tinh sinh hoc va ¢6 thé dugc
vén chuyén vao hé tudn hoan toan than (huyét thanh) va trong cic noron ctia h¢ than kinh
rudt cua rudt két gan. Cac két qua chi ra rang cac ching vi khufm hoi sinh & nguoi san sinh
serotonin c6 thé duge phén 1ap, nhén dang va chon loc dé 1am tang cd¢c muc serotonin in

vivo.
Vi du 6 — Sy bam dinh vao chat nhdy boi cac chung vi khuén san sinh serotonin
Vét licu va phirong phdp

Chuén bi chét nhi“w va 1&p pha

Chét nhdy duoc chuén bi tir rudt non ctia lon. Bén trong cia 5 cm rudt duge cao
bang dung cu vét (spatula) va chét duoc 14y ra va thu gom trong 5 ml PBS giit lanh trén

nuée da. Huyén phit thu duge duge ly tam lan dau & 11.000 x g trong 10 phit va sau d6 &
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26.000 x g trong 15 phut dé loai bo té bao va chét dang hat. Mau chét nhiy duoc bao quan
& -20°C cho dén khi sit dung. VAt liéu cht nhdy dugc pha loang dén Az = 0,1 (d0 hép
thu & 280 nm = 0,1) trong PBS pH 6,0 va i qua dém trong cac giéng microtiter (Nunc
MaxiSorb) (150 pl mdi giéng) & 4°C c6 kém khudy cham. Cac giéng sau d6 dugce rira bang
PBS (pH 6,0) v6i 0,05% TWEEN® 20 (PBST), sau d6 phong bé bang 0,2 ml PBS pH 6,0
v 1% TWEEN® 20 trong 1 gi¢ va cudi cing dugce rira hai l4n bang PBST.

Chudn bi vi khudn

Céc thtr nghiém vé d6 bam dinh vao chét nhay dugc thire hién véi céc ching vi
khudn: Lactobacillus reuteri DSM 27131, DSM 32465, DSM 33632, DSM 33633, DSM
33634, DSM 33635, va DSM 33509; Lactobacillus mucosae DSM 33291, DSM 33292,
DSM 33263, va DSM 33661; va Lactobacillus plantarum DSM 33662. Mdi ching
Lactobacillus duoc u tr dung dich gdc dong bang & -70°C va sinh truéng trong 10 ml canh
truong MRS (Merck) trong 16 gio' 6 37°C. OD duge do ¢ 600 nm va mau dugc pha lodng
dén OD 0.5 (tbng thé tich 1a 1 mi). Cc dung dich vi khudn da pha lodng sau d6 dugc rira
hai 14n bing PBST pH 7,4 va tao huyén phu lai trong PBST pH 6,0. Sau khi rira lan cudi
va huyén phtl lai trong PBST pH 6,0, vi khuén dugc pha lodng va cAy trai trén thach MRS
dé phan tich gi4 tri bit du (don vi hinh thanh khuén lac (colony forming unit - cfu)/ml).

Céc huyén phu vi khuan twong tu duge st dung cho cic thit nghiém lién Kkét.

Lién két vao chat nhay. ¢idi phong trypsin va dinh lugng

Céc huyén phu vi khudn (150 ul) duoc thém vao mi giéng va i trong 4 giv 6 37°C
¢6 kém khudy cham. Cac giéng nay duge rira 4 14n bang PBST, pH 6,0, dé loai b6 cac vi
khuan khong lién két. Sau khi rira, 150 uL dung dich EDTA trypsin (0,25% trypsin lon va
1 mM EDTA - 4Na trong dung dich mudi can bang Hank) duogc thém vao cac giéng. vau
& 37°C trong 30 phut. Sau do, vi khuén duogc giai phong duoc tron déu, pha loéng‘lién tiép
va cdy trai trén céc dia thach MRS. Céc dia dugc 1 & céc diéu kién ky khi trong 24 gio &
37°C sau d6 dém céc khuén lac (don vi hinh thanh khuén lac (cfu)) va tinh s6 luong vi
khuén bam dinh trén mdi giéng.

Két qua:

Nghién ctru xem liéu vi khuén sinh axit lactic san sinh serotonin ciing ¢6 kha ning

gin vao chat nhay in vitro hay khéng, diéu nay s& ching to rang ching ciing ¢6 thé gin
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vao chét nhay nhu vay in vivo, cu thé 13 vao niém mac rudt, va nho dé cho phép sy hép thu
serotonin dugc san sinh va tiét ra bdi vi khudn qua niém mac rudt, va cu thé 1a qua biéu
md rudt. Cac ching vi khuédn durgc thi nghiém vé @0 bam dinh dugc chon loc dya trén kna
ning san sinh serotonin cla no trong cdc didu kién hiéu khi. Théy rang L. reuteri DSM
27131, ¢6 kha ning san sinh serotonin trong cac didu kién hiéu khi in vitro va cling ¢6 thé
g6p phan vao nhom serotonin toan than in vivo, ¢6 kha ning gén vao chét nhdy (Fig.10A).
Kha ning nay cling duge ghi nhén va con dugce ting ién voi tit ca cac ching L. reuteri
khéc dugc thir nghiém (DSM, 32465, DSM 33632, DSM 33633, DSM 33634, DSM 33635,
va DSM 33509), va ca v6i tht ca cac chung L. mucosae khac dugc thd nghiém (DSM
33291, DSM 33292, DSM 33293, DSM 33661) va ching L. plentarum DSM 33662)
(Fig.10A va 10B). Kha ning badm dinh clia mdi trong $6 céc chung vi khuén L. reuteri
DSM 33632, DSM 33633, DSM 33634, DSM 33635, va DSM 33509 ciing duoc thay la
dugc cai thién khi' so voi kha ndng bam dinh cta chung gbe tueng Ung cua né (dir ligu
khong duoe thé hign). Cée két qua ndy chi ra réng mot s6 chimg vi khuin sinh axit lactic
thudc lodiLactobacillus reuteri, Lacto_bacillus mucosae, va Lactobacillus plantarum co thé
gén vao niém mac rudt, o d6 cac chét chuyén hoa, chéng han serotonin, sau d6 ¢o thé duoc

Y

san sinh va tiét ra gan 16p dém bicu md rudt clia dudng tién hoa.

Vi du 7 - San xuét san pham probiotic duge bao ché trén nén dau dé su dung trong

thifu hut serotonin

Trong vi du ndy, san phém probiotic dé sir dung trong thiéu hut serotonin duge san
xuét. Chung vi kkiidn sinh axit lactic c6 khé ning san sinh serotonin trong chc didu kién
hidu khi .du'c_fc chon loc nhu duge boe 16 & ddy, ching vi xhudn bt k}‘/'tro'n'g s6 cac chﬁhg
vi khudn Lactobacillus nay 'trong cacvidu 1,2, 4 hdzfxc 6. Cac chang nay sau d6 dugc nudi
chy riéng biét dudi dang céc mé nudi ciy tinh sach va dong kho, nho st dung cac phuong
phap chudn dé nudi cdy cac ching vi khuin Lactobacillus trong cong nghi¢p. Sdn pham 12
ché phém bao ché trén nén dau véi mot ching vi khudn don (tinh sach) cho dd 6n dinh va
thoi han st dung tot. Pic diém doc dao ctia quy trinh san xuat 1a bude 1am kho diu bang
cach dit no trong chan khong dé loai bo hiu hét nuéce trong dau va lam tang do on dinh
ctia ché phém. Déau duge st dung ¢ day 1a dau thue vat do dugc nguyén chét, tbt hen la
dau hiréng duong va triglyxerit chudi trung binh.

leal

vOn cdc thanh phan.
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1. Tron triglyxerit chudi trung binh, vi du, Akomed R (Karlshamns AB, Karlshamn
Thuy Dién), va dau hudng duong, vi du, Akosun (Karlshamns AB, Karlshamn Thuy Dién),
véi silic dioxit (Cab-o0-sil M5P, M5P, Cabot) trong méy/thung tron Bolz (Alfred BOLZ
Apparatebau GmbH, Wangen im Allgéu, Dirc).

2. Pdng nhit héa. Bom hinh sin va may phan tan (dispax) (Sine Pump, Arvada,

Colorado) dwoc ndi v6i méy tron Bolz va hdn hop duge ddng nhét hoa.

3. Say chan khong. Hon hop duge sdy trong chan khong & ap suit 10 mBar trong

thung Bolz trong 12 -gib.

4. Thém vi khuéﬁ Lactobacillus. Khoéﬁg 20kg hdn h()‘p dAu kho dugc chuyén vao
binh bang thép khéng gi dung tich 50 lit. Bt vi khuan Lactobacillus, tt hon 1a dugc sy
dong kho; luong vi khuénLactobdcillus dugc st dung sé thay d6i tuy thudc vao lugng
mubn c6 trong dau, nhung mot vi dy 12 c6 thé thém 0,2kg mé nudi cdy c6 10" CFU mbi

g, duoc thém vao. Hon hop duge tron tir tir cho dén khi dong nhat.

5. Tron déu. Hon hop trdn trude véi vi khudn Lactobacillus duoc dua trd lai may
tron Bolz.

6. Db ra. Huyén phu duoc a4 vao binh thuy tinh 200 lit Vﬂ‘phﬁ bang khi nito. Huyén
ph dugce giit trong binh cho dén khi nap diy cac chai phun dé diroc st dung qua duong

miéng cho ngudi d€ ngdn ngira hodc dicu tri thi€u hut serotonin.

Vidu 8 - San XUt san phém probiotic & dang vién nén dé su dung trong thiéu hut

serotonin

Trong vi du ndy, chiing Lactobacillus c6 kha nang san sinh serotonin trong céc di€u
kién hidu khi dugc stt dung dé san xuat vién nén dé str dung trong ngan ngua, rc ché
va/hodc didu tri thiéu hut serotonin & ngudi. Ching Lactobacillus duge nudi cay va dong

kho, nho st dung cac phuong phap chuin dé nudi ciy lactobacillus trong cong nghiép.

Céc budc sau ddy minh hoa mot vi du vé quy trinh san xuét cho céc vién nén chira
ching vi khuan dugc chon, bao gém ca viéce boc duong glucoza. Can hiéu réng cacta duoc,
chét don, huong vi, chét bao boc, chét boi tron, chat chéng déng von, chét tao ngot va cac
thanh phan khic cla san pham vién nén nhu duoc biét trong linh vuc nay, c6 thé str duoc

stt dung ma khong anh hudng dén hiéu qua cia san pham:
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1. Lam tan chay. SOFTISAN™ 154 (SASOL GMBH, Bad Homburg, Puc) tan chay
trong binh va gia nhié€t né dén 70°C dé dam bao pha v hoan toan cAu trac tinh thé. Sau d6

]am mat n6 xudng dén 52 - 55°C (ngay trén diém dong cling ctia nd).
> ()

2. Tao hat. Chuyén bot dong khd cua vi khudn Lactobacillus vao may trdn/may tao
hat cét cao Diosna, hogc thiét bi twong duwong. Thém tir tir trong khoang thdi gian 1 phit
SOFTISANTM | 54 tan chdy vao bot vi khuén Lactobacillus. St dung may nghién (chopper)

trong qué trinh thém.

3. Sang u6t. Ngay sau khi tao hat, cho céc hat di qua ludi sang c@ 1 mm bang céch
st dung cbi xay Tornado. Hat da duge sang dugc dong goi trong t0i aly, 1am bing 14 nhdom
phi PVC, duoc dan kin bing may han nhiét @8 tao thanh tui, cing v6i gdi chat 1am kho,

va bao quan lanh cho dén khi tron. M¢ dugc tao hat duoc chia thanh hai mé vién nén.

4. Thém D-glucoza dugc boc (G8270, >99,5% glucoza, Sigma), duge boc bang
cach st dung cac phuong phéap boc chuan nhwr da biét trong linh vuc. Lugng duong phu
thudc vao CFU tong ctia bdt vi khuan Lactobacillus kho duge thém vao, mic chuan co thé
1a 1 gam duong trén mdi CFU tong la 108 vi khuan nhung lugng nay ciing ¢6 thé thay doi
ha xudng 0,1 gam hogc 0,01 gam dén 10 gam thém chi la dén 100 gam duong.-

5. Tron déu. Tron tat ca cac thanh phan trong may tron, dé thu duoc hon hop tron
dong nhat.

6. Ep. Chuyén hon hop tron sau cung vao phéu ctia vién nén quay nén va €p céc
vién nén vai tong trong 'l’uong la 765 mg, trong may €p Vi‘én Kilian.

7. Déng g01 hang loat. Céc vién nén ducc dong g0l tfong tai alu cung v&i thi ray
phén ti ]am kho. TUx alu duoc dat trong vét chira bang nhua va bao guan & noi mat it nhét
mdt tudn trudc kh] dong goi cudi cung Viée st dung SOFT ISANTM déau co duoc hydro
hda, cho phép té bao Lactobacillus duge boc trong chat béo va duge bao vé trong moi
truong.

Nhu néi trén day, san phim cua cac phuong én ¢6 the 6 cac dang khong phai vién
nén, va cac phurong phép chuén dé diéu ché san pham co ban la nhu da biét trong linh vuc
duge st dung ¢ lgi ¢é didu che san pham theo sang ché bao gdm ching nuodi cay

Lactobacillus duge chon loc.
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Céc phuang an dugc mo ta trén day duoc thU. chi 1a mdt vai vi du minh hoa cua
sang ché. Ngum ¢6 hidu biét trl.ng binh trong linh vuc nay sé hiéu rang c6 thé thuc hién
céc cai bién, td hop va thay a1 khace nhau dbi voi cac phuong 4n nay ma khong nim ngoai
pham vi bdo h) cua sang ché. Cu thé 13, c4c giai phap tung phan khdc trong cac phuong
4n khac c6 thé dugc két hop trong céc hinh trang khéc, trong do ¢6 thé 1a vin dé k¥ thuat.

Tuy nhién, pham vi cia sing ché dugc gidi han boi bd yéu céu bao ho kem theo.
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YEU CAU BAO HQ
1. Phuong phap chon loc ching vi khuén dé st dung trong diéu tri bénh lién quan dén thiéu

hut serotonin, phuong phép nay bao gdm céc budc:

nudi cdy (S1), trong céc diu kién hiéu khi, vi khuan thudc ching vi khuan
Lactobacillus dugc chon tir nhom gdm c6 chung vi khuén L. reuteri va ching vi khuan L.

mucosae trong moi truong nudi cay chira tryptophan, va tot hon 1a chtra nguon cacbon;

phét hién (S2) serotonin bét ky duoc san sinh béi vi khuén thudc ching vi khuin

Lactobacillus trong moi trueong nudi cay hodc mau cia no;

xac dinh (S15) liéu vi khuin thudc chung vi khuan Lactobacillus ¢6 kha ning gin

vao chit nhay rudt va/hoic c6 kha nang bam vao niém mac duong tiéu hoa hay khong; va

chon loc (S3) ching vi khuan Lactobacillus ¢6 hiéu qua trong didu tri bénh lién quan
dén thidu hut serotonin & dbi twong néu serotonin dugc phat hién trong méi trrong nudi
ciy hodc mau ctia n6 va néu vi khuan thude ching vi khuan Lactobacillus c6 kha nang gin
vao chét nhﬁy rudt va/hodc ¢ kha ning bam vao niém mac dudng ti€u hoa, trong do bénh
lién quan dén thiéu hut serotonin dugc chon tir nhém gf”)m ¢6 lo 4u, tAm trang chén nan,
hung hang, tri nhé kém, 161 loan in uéng, roi loan 4m anh - cudng ché, r6i loan hoang so,
r6i loan cang théng sau chén thuong, rdi loan lo Au x& hoi, hoi chung rudt kich thich
(irritable bowel syndrome - IBS), bénh viém ru¢t (inflammatory bowel disease - IBD),
bénh tim mach, chiing lodng xuong, rbi loan nhu dong duong tiéu hoa, bénh da tuyén noi
tiét tw mién - nhi®m ndm Candida - loan dudng ngoai bi (autoimmune polyendocrinopathy-

candidiasis-ectodermal dystrophy - APECED), bénh lodng xuong va tinh trang mét xuong.
2. Phuong phép theo diém 1, phuong phép nay con bao gbm cac budc:

nudi cdy (S10), trong cic didu kién ky khi, vi khuén thudc ching vi khuan
Lactobacillus trong moi truong nudi cdy chtra tryptophan;

phét hién (S11) serotonin bt ky duge sin sinh bdi vi khun thude ching vi khuin
Lactobacillus trong mdi trudong nuodi cdy hodc miu cua n6 khi dugc nudi cdy trong céc
didu kién ky khi; va |

tinh (S12) ty 1€ gilra ndng d6 clia serotonin dugc phat hién trong moi truong nudi chy

hogic mAu cta né khi duge nudi cdy trong cac diéu kién hicu khi va néng do cia serotonin
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duoc phét hién trong méi truong nudi cdy hodc mau ctia nd khi dugc nudi cay trong cac

didu kién ky khi, trong d6

budc chon loc (S3) chung vi khuan Lactobacillus bao gdm chon loc (S3) ching vi
Khudn Lactobacillus 6 higu qua trong didu tri bénh lién quan dén thiéu hyt serotonin ¢ doi
tuwong néu ty 1€ béng hoac 16n hon 1,0, t6t hon 14 1én hon 1,0, va néu vi khuin thudc ching
vi khudn Lactobacillus ¢6 kha nang gin vao chét nhdy rudt va/hodc c6 kha nang bam vao

niém mac duong tiéu hoa.

3. Phuong phéap theo diém bat ky trong s6 cac diém tir 1 dén 2, trong d6 bude chon loc
(S3) chung vi khudn Lactobacillus bao gdm chon loc (S3) chung vi khuén Lactobacillus
¢6 hiéu qua trong didu tri bénh lién quan dén thiéu hut serotonin & dbi tugng néu serotonin
duge phat hién trong mdi trrong nudi ciy hoic miu cla n6 va néu vi khuén thudc ching
vi khun Lactobacillus ¢6 kha ning bam vao chét nhdy cao hon kha nang bam vao chét

nhay cta Lactobacillus reuteri DSM 27131.

4. Chung Lactobacillus reuteri DSM 33509, t6t hon 12 & dang dugce dong kho.

5. Chung Lactobacillus reuteri DSM 33632, tdt hon 12 & dang dugc dong kho.

6. Chung Lactobacillus reuteri DSM 33633, t6t hon 13 & dang dugce déng kho.
7. Chiing Lactobacillus reuteri DSM 33634, tdt hon 12 & dang dugc dong kho.

8. Chung Lactobacillus reuteri DSM 33635, tdt hon 12 & dang dugc dong kho.

9. Chung Lactobacillus mucosae DSM 33291, tdt hon 13 & dang dugc dong kho.
10. Ching Lactobacillus mucosae DSM 33292, tdt hon 14 & dang dugce dong kho.
11. Chung Lactobacillus mucosae DSM 33293, t6t hon 1a & dang dugc dong kho.

12. Chung Lactobacillus mucosae DSM 33661, tdt hon 1a & dang dugc dong kho.
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