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trong bét ky cong trinh nao.

T61 xin hoan toan chiu trach nhiém vé 101 cam doan nay.
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1
MO DAU

Tiéu dudng type 2 1a mot trong nhitng bénh chuyén hoéa tién trién duoc dic
trung boi rdi loan chirc ning té bao P cua tuyén tuy va hién twong khang insulin ngoai
vi, din dén khiém khuyét trong chuyén hoa glucose va viém man tinh. Su phat trién
ctia bénh tiéu dudng type 2 c6 lién quan chit ché véi cac yéu td di truyén va moi
truong. Theo bao cdo, hon 460 triéu ngudi trudng thanh trén thé gidi mic bénh tiéu
duong vao nam 2019 va con s6 ndy sé& ting 1én 700 tridu nguoi vao nim 2045. Ngudi
mic bénh tiéu duong man tinh s& 1am ton thuong va suy yéu chirc ning ctia mét, than,
than kinh va tim mach. Do d0, viéc kham pha co ché bénh sinh va diéu tri bénh tiéu
duong type 2 c¢6 ¥ nghia rat 16n.

H¢ vi sinh vat duong rudt dugc coi la mot hé sinh thai phtrc tap trong moi
truong duong tiéu hoa, bao gom vi khuan, ¢ khuan, nam, virus va dong vat nguyén
sinh. Hé vi sinh vat dudng rudt c6 vai trd quan trong trong tiéu hoa thirc an, trao doi
chat, hé mién dich, va strc khoe ciia con nguoi. Ngay cang c6 nhiéu bang ching chi
ra rang hé vi khuan duong rudt dong mot vai trd quan trong ddi vai siic khoe con
ngudi va tinh trang réi loan hé vi khuan dudng rudt c¢é lién quan dén nhiéu bénh 1y,
trong d6 c6 bénh tiéu duong type 2. Hon nita, probiotics c6 kha ning hd tro diéu tri
bénh tiéu duong nho tac dung bao vé cac tiéu ddo va té bao B cua tuyén tuy, lam cham
su khoi phat cta bénh tiéu dudng type 2, ngin ngira cac bién chimg lién quan dén
bénh tiéu duong type 2. Hé vi sinh vat ¢ thé di truyén, nhiéu vi khuan duogc di truyén
tryc tiép tir me sang con. Mot ngudi trudng thanh khoe manh thi chi riéng trong rudt
d3 co khoang 100 ty vi khuan. O ngudi béo c6 nhiéu vi khuan Firmicutes va it vi
khuan Bacteroidetes hon so v&i ngudi gdy va khoang 80% ngudi mic bénh tiéu dudng
type 2 bi thtra can.

Trudc day, viéc nghién ctru da dang vi sinh vat thuong dya vao cac phuong
phap phan 1ap va nudi ciy truyén thdng nén chi gitip ching ta hiéu biét dugc 0,1-1%
Vi sinh vat trong hé sinh thai. Phuong phép danh gia da dang vi sinh vat tiém ning
nhat hién nay 1a phan tich da hé gen bang cong cu Metagenomics. Cong cu
Metagenomics dugc xem la sy téng hop strc manh va céac thanh tyu maéi nhét cua céc
cong nghé genomics, tin sinh hoc, sinh hoc hé thdng. Cong nghé nay 1a chia khoa gop
phan 1am sang t6 vé khu hé vi khuan duong rudt ciia ngudi, dic biét 1a cac vi khuan
khong phan 1ap dugc. Nhiing két qua vé nghién cru metagenome khu hé vi khuan

trong dudng rudt ciia nguoi s€ gop phan vao viéc xac dinh cac tdc nhan gay bénh tiéu



2
duong type 2 ciing nhu xac dinh cac vi khuan c6 loi tiém ning, qua d6 gop phan dinh
huéng cho st dung vi sinh vat trong diéu tri bénh tiéu duong.

Chinh vi vy, chtng t6i da tién hanh thyc hién dé tai luan an “Nghién citu kKhu
hé vi khudn dwong rudt bang kj thudt Metagenomics va tiém ndng itng dung
probiotics trong hé tro diéu tri bénh tiéu dwong type 2”.

MUC TIEU NGHIEN CUU

1) Xéc dinh duge su thay d6i vé thanh phan cua khu hé vi khuin dudng rudt
ngudi mic bénh tiéu duong type 2.

2) Chi ra mdi lién quan cua sy thay d6i khu hé vi khuan dudng rudt véi cac
yéu t6 gay ra bénh tiéu duong.

3) Phan lap, tim ra cac vi khuan tiém nang va lya chon cac chung c6 1gi cho
ngudi mac bénh tiéu duong type 2.

NOI DUNG NGHIEN CUU

1) Panh gia su thay doi khu hé vi khuan duong rudt & nhém nguoi bi bénh ticu
duong type 2 va ngudi khong tiéu dudng trén co so dit liéu giai trinh tu gen 16S
rRNA metagenome.

2) Phan tich méi lién quan ciia vi khuan duong rudt véi mot sd chi s6 ding
chan doan va tién lugng bénh tiéu duong type 2.

3) Nghién ctru phan l4p va kiém tra dic diém ctua mot sé chung vi khuan c6
kha nang lién quan dén bénh tiéu duong type 2. Panh gia kha ning giam duong huyét
ctia chung vi khuan phan 1ap trén chudt thi nghiém.

NHUNG PONG GOP MOI CUA LUAN AN

1) La nghién ciru dau tién xay dung duoc co so dit liéu metagenome khu hé vi
khuan dudng rudt & nguoi bi bénh tiéu dudng type 2 va nguoi khong tiéu dudng &
Viét Nam.

2) Péanh gia dic tinh sinh hoc ctia mot sé ching Lactobacillus phan 1ap tir mau
phan cta nguoi bi bénh tiéu dudng Viét Nam. Thir nghiém chung Lactobacillus
plantarum 16 trén dong vat thi nghiém dé danh gia kha ning ting tiét GLP-1 gitip hd
trg ha duong huyét.

Y NGHIA KHOA HQC VA THU'C TIEN CUA LUAN AN

Két qua cua luan an gop phan bo sung co s khoa hoc va thuce tién vé su thay
d6i khu hé vi khuan dudng rudt & nguoi mic bénh tiéu duong type 2, tim kiém va

dua ra chung vi khuan c6 tiém nang trong di€u tri bénh tiéu duong.
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CHUONG 1. TONG QUAN

1.1. Bénh Iy tiéu dwong
1.1.1. Dinh nghia, phdn loai
1.1.1.1. Dinh nghia

Niam 1550 truée Cong nguyén bénh tiéu duong dugc dit tén 1a bénh “dai thao”
(diabetes) [1]. Tir thé ky tht 3 sau Cong nguyén, bénh tiéu duong duoc goi 1a bénh
tiéu ngot. Tuy c6 lién quan dén bénh tiéu duong va da dugc mo ta, thuc nghiém trén
ché [2]. Nam 2006, Hiép hoi tiéu dudng My dinh nghia tiéu duong type 2 nhu sau:
“Tiéu dudng type 2 14 bénh chuyén hoa dic trung boi ting dudng huyét do su phdi
hop giita khang insulin va thiéu dap ung insulin”. Nam 2017, Lién doan tiéu duong
quéc té da dinh nghia tiéu duong: Tiéu duong 1a nhom nhiing rdi loan khong dong
nhat gém tang duong mau va rdi loan dung nap glucose do thiéu insulin, do giam tac
dung cua insulin hodc ca hai.
1.1.1.2. Phan loai

Theo Hiép hoi tiéu duong My va Hiép hoi tiéu duong Chau Au, bénh tiéu
duong dugc phan loai nhu sau:

- Tiéu dudng type 1: do té bao B cua tuy bi pha hity ddn dén thiéu hut insulin
tuyét doi [3].

- Tiéu dudng type 2: do tinh trang khang insulin hodc giam bai tiét insulin cta
tuyén tuy. O cac nude phat trién, 87-91% s ngudi méc bénh tiéu duong thudc nhom
tiéu duong type 2 [3].

- Tiéu duong thai ky: tiéu duong duoc phat hién khi mang thai va chiém 1-3%
tong so bénh nhan tiéu duong.

- Tiéu duong do dot bién gen, do khiém khuyét gen cia té bao p...

1.1.2. Nguyén nhan

Réi logn bai tiét insulin: Sy bai tiét va 46 nhay cam cua insulin giup co thé
duy tri lugng glucose trong méau. Chiic ning té bao B giam trén 80% va khdi lugng
giam 30-40% & nhitng bénh nhén tiéu duong type 2. Khéi luong té bao B & nguoi tiéu
duong type 2 thuong giam tir tir, va tbc d6 giam ting dan theo thoi gian méc bénh.
Khoi luong té bao B & ngudi tieu duong type 2 giam 1a do té bao B bi chét, su tan tao
té bao B giam [4], [5]; giam tac dung ctia GIP hodc giam tiét GLP-1 [5], [6].

Khang insulin: Hoi chimg trao d6i chat hay hoi chimg X da duoc ding dé chi
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cac dic tinh khang lai insulin. Dinh nghia caa NCEP vé hoi chimg trao d6i chat nhu
sau: 1 hoi ching dugc dic trung bai mot chu vi vong eo 16n (do m& ving bung nhiéu
qua mirc), ting huyét ap, dudng huyét lic doi khong binh thuong hodc dé khang
insulin, va rdi loan lipid méu.

Hién nay, khang insulin chi yéu danh gia & bénh nhan tiéu duong, béo phi,
tang huyét ap, ri loan chuyén hoa lipid. Khang insulin dugc coi 1a giai doan tién 1am
sang va thuong c6 trude nhiéu nam khi tiéu duong type 2 xuat hién. Tuy co thé van
tiét ra insulin nhung ngudi méac bénh “Tiéu dudng khang insulin” lai khong dap ung
dugc voi chinh insulin tiét ra [7].

Di truyén: Nhiéu nghién ctru cho thay néu bd hodc me bi tiéu duong thi nguy
co con bj tiéu duong 1a 40%. Néu ca bd va me bi bénh tiéu duong thi con cai cua ho
¢ nguy co méc bénh 1a 70%. Cac nghién ctru gan day cong bd gen SURL, gen PPAR
gamma va SNPs c6 lién quan chat ché toi sy xuat hién tiéu duong type 2 & ngudi
mang gen nay. Trong d6 SUR1 c6 lién quan dén ty 16 mac bénh tiéu dudng nhiéu gip
2 1an so v6i ngudi khong mang gen nay. Mot sé gen nhu IRS1, PI3K ciing lién quan
dén bénh tiéu duong.

Nhitng d6t bién khac nhau c6 thé din t6i nhitng thay doi chirc ning quan trong
ctia gen diéu hoa tong hop insulin. C6 nhiéu yéu to lién quan giita moi trudong song
va bénh tiéu dudng type 2 nhu: ngudi cao tudi, béo phi; do thoi quen an nhiéu; it van
dong thé lyc; tang luong thirc an dua vao ciing kich thich tuy ting tiét insulin. Mt
khac, qua trinh san sinh té bio mé cling déng gép mot phan vao khang insulin va ting
insulin mau [8].

Gidm tiét incretine: Incretine 1a mot loai ndi tiét tb tidu hoa, kich thich tiét
insulin sau bira dn. O ngudi, 2 incretine chinh 1a GLP-1 va GIP. Vai tro chinh cia
hai incretine nay 1a diéu hoa 6n dinh niang luong, kich thich tuy tiét insulin, rc ché
su ngon miéng. Mot s nghién ctru cho thiy, GLP-1 chi lam ting tiét insulin khi
glucose méu ting. Do d6, dé ting hiéu qua diéu tri bénh tiéu dudng can nang cao tc
dung cua incretin ¢ ngudi bénh. Liraglutide 13 chat twong dong téi 97% GLP-1.
Trong huyét twong, liraglutide c6 thoi gian ban hiy khoang 12 gio. Chi khi duong
huyét ting cao thi liraglutide méi kich thich ting tiét insulin va giam tiét glucagon
nén khong gay ha glucose méau. Ngoai ra, liraglutide con khang lai sy phan huy cta

DPP4 [9].
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Léi song: Nhiéu nghién ctru cho thay khong hoic it hoat dong thé luc s& d& bi
mic bénh tién tiéu dudng type 2. Mdi ngdy tap thé duc it nhat 1 gio s& giam nguy co
tiéu duong type 2 dén 39%. Luyén tap thé lyc va song lanh manh s& phong ngira duoc
su khoi phat cua tiéu dudng. Sy hap thu glucose s& giam khi co thé tiéu thu luong 16n
alcohol. Nguyén nhan 1a do rugu anh hudng 1én té bao tuyén tuy va trc ché sy tiét
insulin, ting BMI [10]. Hut thudc 14 1am ting 70% nguy co mic tiéu dudng type 2 S0
v6i ngudi khong hut thude.

1.1.3. Cdc chi sé dung chin dodn, tién lwong trong bénh tiéu dwong

Chi 56 glucose mau: Chi sb dudng mau ctia mdt loai thuc phém 6 thé dugc
xem 1a thap, trung binh hodc cao. O nhitng thyc pham chua loai duong glucose hap
thu nhanh duoc xem la thuc pham c6 chi s6 duong mau cao. Cac thuc pham c6 chi
s6 dudng mau thap s& t6t hon vi khi an sé& giup co thé giit duge ngudn ning lwong on
dinh. Chi s6 glucose méu I can cir dau tién dé chuan doan bénh tiéu dudng. Ngudi
khong méc bénh tiéu duong, chi $6 glucose sau khi nhin an 8 dén 10 tiéng tlr 4,0 dén
5,9 mmol/L, & ngudi bénh tiéu dudng 14 trén 7 mmol/L (>126 mg/dl).

M¢é mau: Roi loan vé trao doi m& 1 nguyén nhan gy ra hién twong khang
insulin. V& 1au dai, cac té bao beta bi suy giam chitc ning va hau qua 13 ngudi bénh
tiéu dudng type 2 s& phai dung dén insulin. Nguy hiém hon d6 13 viéc xuat hién nhiing
bién chirng tim mach, thén, mét. Mot sd chi s6 m& mau nhu cholesterol toan phén,
triglyceride, cholesterol xau (bad cholesterol), cholesterol tt (good cholesterol) ciing
duogc st dung dé chan doan bénh tiéu dudng & nguoi [11].

Men gan: Hai loai enzyme ALT va AST dugc tim thay nhiéu hon & céc té bao
gan va thin, & co tim va co bap ciing ¢6 hai enzyme nay nhung lugng nhé hon. O
ngudi khoe manh, nong do ALT va AST trong mau la thap. Khi gan bi ton thuong,
ALT va AST duoc giai phong vao trong mau, do d6 xét nghiém chi sd ALT va AST
s& gitp phat hién cac ton thuong gan [12]. O ngudi thira cAn hodc mic bénh tiéu
duong, xét nghiém ALT va AST dé chan doan bénh lién quan dén gan. Chi s6 AST
& ngudi binh thudng c6 gia tri nho hon 37 don vi/L trong khi gi tri nay d6i véi ALT
12 nho hon 41 don vi /L [1212]. O ngudi bi viém gan cap do virus va bénh gan man
tinh thi chi s6 ALT va AST c6 thé ting dén 100. D6i v6i nguoi bi vang da do tic mat,
ALT thudng ting gan dén 500 UI/L [12]. O céac truong hop viém gan do ruou, gia tri
ndy tang 1én dén gan 300 don vi/L.
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Bdng 1.1. Chi s sinh hoa mot sé chit trong mau

TT Chi s6 trong mau Pon vi Tri s6 binh thuwong
1 | Glucose mmol/L 36-64
2 | Cholesterol mmol/L <52
3 | LDL-C mmol/L <34
4 | HDL-C mmol/L >0,9
5 | Triglyceride mmol/L <17
6 |AST unit/L <37
7 | ALT unit/L <41

Chi s6 BMI: Nhiéu nghién ctru di chi ra rang, béo phi la nguyén nhan chinh
clia tiéu duong type 2. Chi s6 BMI duoc dung dé danh gia muc do gay hay béo cua
mot ngudi va dugc tinh bang can ning ctia ngudi d6 (kg) chia cho binh phwong chiéu
cao (tinh theo mét). BMI khong do tryc tiép lwong md cua co thé nhung cac nghién
ctru di chting minh rang BMI twong quan véi lwong mé do truc tiép [13].

Chi s6 HbAIc: Theo Hiép hoi tiéu dudng My (ADA) thi mac HbAlc & nguoi
tir 5,7-6,4% duoc xem 1a mic bénh tién tiéu duong, HbAlc > 6,5 1a méc bénh tiéu
duong. Dé theo ddi tinh trang kiém soat glucose huyét, theo khuyén cdo cia ADA thi
nén kiém tra chi s6 HbAlc 3 thang 1 lan.

Bdng 1.2. Tuong quan giita HbA lc va ndng d6 glucose huyét trung binh [14]

HbAlc (%) HbA1c (mmol/mol) Glucose huyét trung binh
(mmol/L)
5 31 5
6 42 7
7 53 8
8 64 10
9 75 12
10 86 13
11 97 15
12 108 17
13 119 18

Chi 56 insulin: O ngudi khong mac bénh tiéu duong, nong d6 insulin trong
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mau trung binh 12 17,8-173 pmol/L. Suy giam kha nang bai tiét insulin va c6 dé khang
insulin ngay tir giai doan som & nguoi mac bénh tiéu dudng type 2, viéce tiét insulin
bi cham tré va khong du dé kiém soat glucose mau sau an.

Xét nghigm glucose mdu sau an trén bénh nhén tiéu dwong type 2: Nguoi
bénh tiéu duong type 2 duoc thuc hién nghiém phap ting glucose mau dudng tinh
mach, va két qua cho thay pha bai tiét sém insulin trong 8 phiit dau bi mat. Két qua
dung nap glucose méu luc d6i khi uéng 75 g duong glucose cho thiy: O nguoi khong
mic bénh tiéu dudng, nira gio dau glucose mau ting khoang 7,5 mmol/L va trd lai
mitc binh thudng 14 5 mmol/L sau 2 gio; O ngudi mac bénh tiéu dudng, nira gio dau
glucose mau vuot 8,0 mmol/L va c6 thé cao hon 11,1 mmol/L sau 2 gid, dong thoi
xuat hién duong trong nudc tiéu. Glucose mau chi tré lai binh thudng sau 3-4 gio
hoic ¢ thé 1au hon [14].

Dé chan doan bénh tiéu duong, dua vao 1 trong 4 ti€u chi Bang 1.3. Khi trong
cung 1 miu mau xét nghiém hodc ¢ 2 thoi diém khac nhau ddi véi tiéu chi 1, 2 hodc
3 ¢6 2/4 két qua vuot ngudng chan doan thi két luan 1a mac bénh tiéu duong; riéng
tiéu chi 4 chi can 1 1an xét nghiém duy nhat.

Bang 1.3. Tiéu chuan chan doan bénh tiéu duong [14]
Tiéu chi Tiéu chuén chan doan

1 Glucose huyét twong lac d6i > 126 mg/dL (hay 7 mmol/L)

Glucose huyét tuong & thoi diém sau 2 gio lam nghiém phap dung nap
v6i 75g glucose bang duong udng > 200 mg/dL (hay 11,1 mmol/L)
3 HbAlc > 6,5% (48 mmol/mol)

Cé triéu chimg kinh dién cua ting glucose huyét hoic cua con ting
4 glucose huyét cap kém mirc glucose huyét twong bat ky > 200 mg/dL
(hay 11,1 mmol/L)

Ngoai cac tiéu chuin chin doan bénh tiéu duong, T churc tiéu duong qubc té
va WHO d3 dua ra cac khuyén céo vé chi tiéu phan dau trong diéu tri nguoi mic bénh
tiéu duong. Dua trén khuyén cdo cia WHO, B9 Y té ban hanh Quyét dinh 5481/QD-
BYT ngay 30/12/2020 vé muyc tiéu diéu tri bénh tiéu duong, cu thé duoc thé hién &

Bang 1.4.
Bdng 1.4. Muc tiéu diéu tri bénh tiéu duong



Muc tiéu Chi s0
HbAlc < 7% (53 mmol/mol)
Glucose huyét tuong 80-130 mg/dL (4,4-7,2 mmol/L)
lac doi
Dinh glucose huyét < 180 mg/dL (10,0 mmol/L)

tuong sau an 1-2 gio

Huyét ap Tam thu <140 mmHg, Tam truong <90 mmHg
Néu di c6 bién ching than, hodc c6 yéu td nguy co tim
mach do xo vita cao: Huyét ap <130/80 mmHg
Lipid mau LDL cholesterol <100 mg/dL (2,6 mmol/L), néu chua c6
bién chtng tim mach
LDL cholesterol <70 mg/dL (1,8 mmol/L) néu di c6 bénh

tim mach vita xo, hodc c6 thé thap hon <50 mg/dL néu c6

yéu td nguy co xo vita cao
Triglycerides <150 mg/dL (1,7 mmol/L)
HDL cholesterol >40 mg/dL (1,0 mmol/L) & nam va >50
mg/dL (1,3 mmol/L) ¢ nir

1.1.4. Phwong phap diéu tri
1.1.4.1. Sir dung dwoc pham

- Nhom thudc tang tiét insulin tai tuy

R6i loan bai tiét insulin 12 mot trong 2 biéu hién chinh cta tiéu dudng type 2
do d6 cac nhom thudc kich thich bai tiét insulin rat quan trong trong diéu tri tiéu
duodng type 2.

+ Nhom thude tre ché kénh Kate gom: sulfonylurea va meglitinide, hai loai
nay c6 co ché tac dung giéng nhau va déu kich thich té bao B bai tiét insulin bang
cach gén vao cac vi tri khac nhau trén mét thu thé dic biét, lién két véi kénh Karp
trén mang té bao B [15].

Sulfonylurea dugc Marcel Janbon tinh c& phat hién vao nam 1942. Gan day,
nhiéu thudce thudc nhém sulfonylurea di 1an luot duge tong hop (gdm hon 20 thube
chia thanh 2 thé hé) va cac thubc nay hién dang duoc sir dung rong rii trén 1am sang
dé diéu tri cho bénh nhan tiéu dudng type 2 [16].

Megletinide gém 2 thudc dugc phép luu hanh 1a: Repaglinid va Netaglinid.

Dic diém ciia nhom thude nay 13: gin nhanh va tach nhanh ra khoi thy thé dic hiéu
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nén kich thich bai tiét insulin nhanh [16].

+ Nhom thudc diéu bién incretine: Khoang 50-70% luong insulin duoc bai tiét
sau bira an l1a do cac hormone incretine kich thich [17]. Hai hormone incretine co tac
dung ha glucose mau manh nhét 1a GLP-1 va GIP. Ca hai hormone nay thé hién tac
dung bﬁng cach ga"ln véo thu thé dic hiéu, kich thich dong thac céc tin hi€u ma cudi
cung 14 kich thich cac té bao P tuy bai tiét insulin. Sau d6 GIP va GLP-1 nhanh chéng
bi chuyén héa boi cac enzyme dipeptidyl peptidase-4 (DPP-4) va tao thanh cac chit
chuyén hoa khong hoat tinh, roi dao thai qua nudc tiéu [18]. Do do, chién luoc st
dung GLP-1 trong diéu tri, dwa trén 2 nhém thudc 1a:

Céc chat twong tu GLP-1: chat chu van cua receptor GLP-1 (GLP-1-RA) nhu
exenatide lam ting tic dung ctia GLP-1 hodc chét twong tw GLP-1 khang lai tac dong
ctia DPP-4 nhu liraglutide, dugc goi chung 14 cac chat twong ty GLP-1. Hién nay cac
chat trong ty GLP-1 di dugc FDA phé duyét dé diéu trji bénh tiéu dudng 14 Exenatid,
Exenatid giai phong cham, Liraglutide, Lixisenatide. Mot s chat khac dang duoc
nghién ctru 1a Taspoglutide, Albiglutide [17]. Cac chat twong tw GLP-1 c6 kha ning
kiém soat duong huyét tot nhu giam néng do glucose qua dém va glucose mau lac
d6i, giam dang ké HbA Ic. Nguy co ha duong huyét thip, ngoai ra con lam cham thoi
gian 1am rong da day va ting cam giac no. Vi thé GLP-1-RA c6 thé két hop véi cac
thudc khac c6 kha nang giy ha dudng huyét va ting can nhu sulfonylurea, meglitinide
hoac insulin [18].

Céc chét tic ché dipeptidylpeptidase-IV: c6 tac dung lam cham sy thoai héa,
bat hoat cia GLP-1 ndi sinh do d6 ting cudng va kéo dai tac dung sinh 1y ctia hormon
nay. Céc thudc ttc ché DPP-4 (iDPP-4) con duogc goi 1a cac “gliptins” gdbm 5 chat da
duge FDA va EU cép phép va dang duoc sir dung rong rai trén 14m sang hién nay la:
sitagliptin (ndm 2006), vildagliptin (ndm 2007), saxagliptin (ndm 2009), linagliptin
(nam 2011), alogliptin (ndm 2013) [19]. C6 3 chat khac 1a teneligliptin, anagliptin, va
trelagliptin méi duoc chap nhan & Nhat Ban va Han Qudc [18]. Cac chat trc ché DPP-
4 d3 dugc ching minh 13 c6 nhiéu loi thé: kich thich su tong hop cua insulin, (e ché
tiét glucagon, lam giam mirc glucose sau an va glucose mau luc doi, cai thién chirc
ning té bao B, lam giam HbA Ic & bénh nhan tiéu dudng type 2 [20]. Loi ich 13 rang

nhat ctia cac chat trc ché DPP-4 trén 1am sang 1a khong giy giam khdi luong co thé va
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nguy co ha duong huyét thap, do d6 c6 thé thich hop véi nhidu bénh nhan khac nhau.

- Nhom thude 1am giam khang insulin

+ Metformin: Pugc dua vao diéu tri tiéu dudng tr nam 1957, hién nay
metformin 13 thudc duy nhat thudc nhom biguanid con duoc sir dung trong 1am sang
[15]. Tac dung chinh ctia metformin 13 1am giam san xuat 25-40% glucose do trc ché
qua trinh tin tao glucose & gan. Tang nhap glucose vao tit ca cic mo trong co thé va
tang st dung glucose 20-50%. Giam tong hop va ting oxy hoa acid béo & té bao gan,
dan dén du trir triglycerid trong gan giam (15-20%), giam cholesterol toan phan (5-
10%) va giam LDL cholesterol [15].

+ Thiazolidinedion (TZDs): Nhom thudc nay gilp cai thién tinh trang khang
insulin & mo ngoai vi, ting tong hop glycogen va giam san xuat glucose & gan. TZDs
lam ting van chuyén glucose vao co va md mé& do tang tong hop cac loai protein dic
biét van chuyén glucose. TZDs ciing hoat hoa gen diéu hoa chuyén hoa cac acid béo
tu do & mo ngoai vi [16].

- Nhom thube 1am giam hap thu glucid

Pé 1am giam hap thu cac glucid tai duong tiéu héa, rc ché ting dudng huyét
sau an, hién nay thuong str dung acarbose (Precose, Glucobay) va miglitol (Glyset).
Thudc nay c6 tac dung 1a lam giam qud trinh hdp thu tinh bot, dextran va cic
disaccharid bang cach trc ché enzym o-glucosidase & diém ban chai rudt non, tranh
duogc tinh trang ting glucose mau sau an. Céc chat tc ché a-glucosidase khong kich
thich su bai tiét insulin do d6 khong 1am ha duong huyét [16].
1.1.4.2. Liéu phdp thay thé

- St dung hoat chét tir thao mdc: Polyphenol trong mot s6 loai thao moc co
kha nang tc ché a-amylase véi gia tri IC 50 (kha nang {rc ché 50%) la 540,90 pg/ml
va a-glucosidase véi gia tri 1C 13 425,20 pg/ml, trong khi d6 kha ning @c ché o-
glucosidase véi gia tri IC 50 cua acarbose la 295 pg/ml [21].

- Ché d6 an: Han ché an glucid, giam axit béo bdo hoa (ning luong do lipid
cung cip < 30% tong sd calo, trong d6 axit béo no tir 5-10%). Nén an thuc phim chia
nhiéu chét xo. Thyc pham chira nhiéu protein chi an luong vira phai, néu an nhiéu s&
anh hudng dén than nhat 13 nhirng bénh nhan c6 suy than. Luong protein cin thiét 12

0,7-0,8 g/kg thé trong/ngay [22].
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- Hoat dong thé thao: Dé giam nguy co bénh tim, giam cholesterol, tiéu duong
ngudi truong thanh can hoat dong thé thao 30 phit/ngay bang cc hoat dong nhu di
bd, chay bd, dap xe, boi... [23].
1.2. Vi khuin dudng rudt véi sirc khée con nguoi
1.2.1. Chirc ndng ciuia hé vi sinh vit dwong rugt

Trong 1 gram phan chtra c6 khoang 10 vi sinh vat va hau hét chung déu Ia vi
khuén ky khi bit budc [24].

Da day 0 -10?
Lactobacillus
Candida
Streptococcus

Helicobacter pylori \
Peptostreptococcus ' |

Dai trang 10 — 10%
Bacteroides
Clostridium groups 1V va XIV
Bifidobacterium
Enterobacteriaceae

e, y

Ta trang 102
Streptococcus

Lactobacillus

Hong trang 102
Streptococcus
Lactobacillus

Hoi trang xa 107 - 108
Clostridium
Streptococcus
Bacteroides
Actinomycinae
Corynebacteria

) Hbi trang gan 10°
Streptococcus
Lactobacillus

Hinh 1.1. S6 lugng mot s6 loai vi khuan cu ngu trong 6ng tiéu hoa nguoi
(http://www.wright.edu/~oleg.paliy/research.html)

Tuy co quan khac nhau trong dudng tiéu hda ma thanh phan vi sinh vat ciing
khac nhau. Mot ngudi truong thanh khée manh chira 500-1000 loai vi khuan va c6
thé c6 10'2-10% vi khuan trong dudng rudt véi khéi lugng khoang 1-2 kg [25]. Chi
riéng dai trang chira khoang 10°-10'> CFU/mI, & hong trang 1a 10'-10° CFU/ml va &
hoi trang 1a 10*-108 CFU/m.

Hé vi khuan dudong rudt gdm bay nganh chinh, cu thé 1a: Bacteroidetes,
Firmicutes, Proteobacteria, Fusobacteria, Verrucomicrobia, Cyanobacteria va
Actinobacteria. Trong d6 nganh Bacteroidetes va Firmicutes chiém trén 90% tong s6

vi khuan trong rudt ngudi. Chirc ning co ban cua hé vi sinh vat duong rudt 1a: (1)
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chtrc ning bao vé niém mac rudt; (2) chirc ning trao ddi chat; (3) chirc nang diéu hoa
mién dich [26].
Bdng 1.5. Mot s6 vi khuan chiém vu thé trong rudt ngudi [26]

TT TV 18 (%) Nganh Chi

Ruminiococcus
1 60-80 Firmicutes Clostridium

Lactobacillus

Bacteroides
2 20-30 Bacteroidetes Prevotella

Xylanibacter

3 <10 Actinobacteria Bifidobacterium

_ Escherichia
4 <1 Proteobacteria

Enterobacteriaceae

Vi khuan probiotic 1a cac vi khuan séng va ¢6 loi, duoc bod sung vao duong
tiéu hoa cua vat chu nham cai thién can bé‘mg cua hé vi sinh dudng rudt, uc ché cac
vi sinh vat ¢ hai, tir d6 cai thién sic khoe cua vat chi. Sy ¢ mit cia vi khuan
probiotic trong duong tiéu hoa co tic dung canh tranh, Grc ché va loai trir cac vi sinh
vat gdy hai trong duong rudt, duy tri hé vi sinh dudng rudt ¢ trang thai can bang. Co
ché canh tranh va loai trir vi sinh vat giy bénh ctia vi khuan probiotic bao gdm: canh
tranh vi tri bam dinh, canh tranh ngudn dinh dudng, san sinh cac chat tc ché, kich
thich hé mién dich,...

Céc vi sinh vat dugc lua chon 1am probiotic phai dap (mg duoc cac tiéu chuan
vé an toan, chirc ning va dic tinh k¥ thuat. Cac vi sinh vat probiotic phai c6 kha ning
song sot khi di qua duong tiéu hoa (da day - rudt non); c6 kha niang thyc hién chirc
nang trong moi truong noi ching dugc dinh hudng.

1.2.2. Vai tro ciia vi khudn dwong rudt trong trao doi chit
1.2.2.1. Vai tro ciia an uéng trong hinh thanh hé vi khudn dwong rudt

Ngay sau khi sinh co thé da bat d¢au hinh thanh hé vi khuan duong rudt, hé vi
khuan ndy tré nén bén virng hon va gidng ngudi trudng thanh khi dua cac thyc phim
ran vao ché do an. Két qua so sanh vi¢c nuoi tré béng stra me vo1 nuoi béng stra cong
thire cho thy: tré dugc nudi bang sita me c6 ty 1& Bifidobacteria cao hon so véi tré

dugc nudi bang sita cong thie [27].
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Str dung trinh ty gen 16S rRNA dé xac dinh thanh phan hé vi khuan duong
rudt trén 98 dbi twong khoe manh cho thiy twong quan c6 ¥ nghia thong ké gitta ché
d6 an va thanh phan hé vi khuan duong rudt. Phan tich 3 nhém vi khuan dudng rudt
gdm chi Bacteroides, Prevotella v Ruminococcus cho thdy c6 su hién dién cua 2
nhom vi khuén 13 Bacteroides va Prevotella. Thudng xuyén an thuc phdm chtra nhiéu
protein va chit béo dong vat, it carbohydrate thi vi sinh vat thudc chi Bacteroides sé
cao, chi Prevotella s& thip. Nguoc lai, khi dn céac loai thuc pham gidu carbohydrate
nhung it protein va chat béo dong vat thi chi Prevotella sé c6 ty 1é cao, chi Bacteroides
co ty 1¢ thap [28].

Nghién ciru so sanh hé vi khuan dudng rudt & cac nude nong nghiép Malawi
va Amerindian v&i nhitng nguoi séng & Hoa Ky cho thdy mdi twong quan nghich gitra
chi Bacteroides va Prevotella. Mic du Prevotella cta nhitng ngudi séng & cac nudce
noéng nghiép co6 ty 1& cao hon, nhung nhitng nguoi song & Hoa Ky ciing ¢6 ty 18
Prevotella twong tu [29], diéu nay chimg t6 trong quan ty 1& nghich giita Bacteroides
va Prevotella c6 thé bi anh hudng béi ché do dn. Nhu vay, loai vi khuan co ty 1é cao
va lién quan véi ché d6 dn phuong Tay 1a Bacteroides, loai vi khuan chiém wu thé co
lién quan vai ché d6 dn & cac nude nong nghiép 1a Prevotella.

Thuc té cho théy hé vi sinh vat duong rudt cé vai tro quan trong trong viéc ti€u
hoa va hap thu thirc n. Ngoai ra, chiing ciing diéu chinh sy biéu hién ctia mot s6 gen
nhat dinh trong vat chu. Ching té thanh phén va su da dang cua vi sinh vat dudong rudt
bi anh hudng bai ché d6 an udng [30].

Ngoaira, vi khuén duong rudt tao ra mat sb chét chuyén hoa nhu axit béo chudi
ngin (SCFA) gitp bao vé vat chu khoi vi khudn giy bénh va dong vai trd quan trong
c6 loi khac. Déi v6i nhitng nguoi sir dung thue pham c6 ngudn goe tir thuc vat 1a chi
yéu, vi sinh vat duong rudt tao ra nhiéu SCFA va cac enzyme lién quan dén qué trinh
ddng hoa hon, dong thoi ting tong hop amylase, glutamate va riboflavin [31].

Mit khéc, tiéu thu nhiéu thuc pham dong vat dan dén su thich nghi vé chic
ning cua vi sinh dudng rudt dbi véi cac qua trinh di hoa ting 1én nhu sy thoai hoa cua
glycans va axit amin. Vai trd cua vi sinh vat dudng rudt trong viéc chuyén ddi cac
thanh phan dinh dudng kho tiéu nhu polysacarit phtec tap thanh dudng don c6 thé duoc
coi 12 mot trong nhitng co ché co loi trong vét chii dé 1y thém nang luong tir ché do

an ubng. O dai trang, sy phan hiy cac polysacarit s& gia ting viéc san xuat SCFA nhu
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butyrate, propionate va acetate cung véi khi hydro, cling nhu tao ngudn ning lugng
cho co thé [32]. Niang luong duoc tao ra tir qua trinh tiéu hoa cac polysacarit kho tiéu
nhu vay dong gop khong dang ké vao téng ning luong can thiét cua co thé so véi
carbohydrate don gian va dé tiéu hoa. Lugng ning lugng nho dugc phan giai tir
polysacarit phirc tap nay c6 thé khong c6 loi truc tiép cho co thé nhung lai c6 vai tro
gian tiép trong sy sdng sot cua vi khuan hoi sinh. Nguoi ta dua ra gia thuyét rang
butyrate c6 kha ning giam luong calo biang cach gay ra cam giac no, hoat dong thong
qua cac thay ddi trong GLP-1 [33]. Butyrate ciing tham gia vio viéc ting cudng tinh
toan ven cua rudt bang cach cung cp ning lugng cho céc té bao rudt dé diéu chinh su
song va tang sinh ciia ching.

Viém nhiém nhe 13 mot trong nhitng yéu t6 sinh Iy bénh quan trong nhat dan
dén su tién trién cua tiéu dudng type 2 véi ting duong huyét va khang insulin. Giam
da dang vi khuan duong rudt dan dén ting vi khuan gay bénh, viém rudt va tién trién
clia tinh trang bénh tiéu duong. Nhitng phan tng mién dich bim sinh hodc giai phong
cac hop chat doc hai nhu HaS trong moi trudng rudt co thé dan t&i hoi chirng rudt ro
va ting kha ning tiép can cac thanh phan vi sinh vat trong 10ng rudt vao cic mé rudt
dan dén viém ruot [34].
1.2.2.2. Vi khudn dwong rudt trong trao doi glucid

Dbi v6i ngudi khoe manh, ché do an ubng hang ngay thuong chira mot luong
kha 16n glucid bao gdm monosacarit, disacarit, ciing nhur cac polysacarit phtc tap.
Cac loai duong thong thudng nhu dudng glucose va dudng fructose dé dang duogc
hap thu trong rudt, trong khi céc disacaride nhu sacarose, lactose, maltose va céc
polysacaride phirc tap nhu tinh bot, pectin va hemiaellulose can dugc phan giai thanh
cac monosacaride don gian trudc khi hap thu vao rudt. Polysacaride khong dugc tiéu
hoéa & phan trén cia dudng tiéu hoa, nhung ching dugc phéan giai thainh monosacaride
trong hoi trang nhd enzyme glycosidase cia vi khuan. Ché do an giau glucid s& 1am
noéng d6 glucose trong mau ting 1én, nhung né dugc diéu chinh manh mé va giir &
mirc can bang ndi mdi nhd hormone insulin va glucagon. Pudng tiéu hoa trén 6 lién
quan dén tiéu hoa carbohydrate va su hap thu cta né trong dong mau thong qua cac
protein chuyén biét khac nhau duoc goi 13 chat van chuyén glucose (GLUT) nam trén
cac té bao biéu mo [28]. Nhiéu nghién ctru cho thiy vai trd quan trong ctia méi trudng

rudt trong co ché bénh sinh cac rdi loan mién dich voi nhiéu co ché. Vai tro cua moi
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treong rudt va mo bach huyét lién quan dén rudt ciing duoc thiét 1ap cho vai trd cia
ching trong tiéu duong type 2. Ngoai tiéu dudng type 2, vai trd cta vi sinh vt duong
rudt cling o lién quan dén bénh tiéu dudng type 1. Giam da dang vi sinh vat duong
rudt s& anh huong dén tinh toan ven cua té bao. Khiém khuyét nay gy ra hién tuong
10 ri rudt vé4i tinh thadm ting dan dén viém ruot, giam hodc roi loan dap tng mién dich
& niém mac rudt. T4t ca cac yéu td ndy c6 anh huong dén kha ning ty mién dich té
bao T va cac rdi loan ty mién lién quan bao gdm ca tiéu dudng type 1 [35]. Niém mac
rudt ¢ dién tich bé mit 16n nhét so v4i bé mit cua bat ky co quan nao trong co thé
ngudi va cac mo bach huyét ctia rudt 1a cac co quan mién dich rong nhat. Rudt 1a khu
vue tiép xtic nhiéu nhét véi cac thanh phan vi sinh vat khac nhau va cac khang nguyén
tir bén ngoai dua vao, rudt co vai trd rat quan trong ddi véi co thé trong qua trinh
mién dich [36].

Bénh tiéu duong type 1 12 do hé qua ciia nhiéu yéu to, bao gdom cau trac di
truyén ctia co thé, cac yéu t6 moi truong va tac dong ngoai sinh. Do do, hé vi sinh vat
duong rudt va su tham gia ciia chiing vao hé théng mién dich niém mac rudt déng mot
vai trd quan trong trong sy tién trién ciia cic bénh 1am sang nghiém trong nhu tiéu
duong type 1. Vai tro ctia chirc ning hang rao rudt kém va giam kha ning mién dich
dugc cho 1a ¢6 lién quan dén bénh tiéu duong. Nguoi mac bénh tiéu duong type 1, cO
su thiéu hyt insulin tuyét d6i do sy pha huy cac té bao B tuyén tuy [37]. Nguoc lai,
bénh tiéu dudng type 2 1a mot bat thudng chuyén héa mén tinh véi ting dudng huyét
lac d6i, thiéu insulin do giam tiét insulin tir t& bao P tuyén tuy. Khang insulin hoic
khong dap tmg 1a do té bao B khong nhan biét muc do insulin binh thudng, dic biét 1
trong cac mo gan va co. Cac co ché quan trong khac c6 thé c6 lién quan dén bénh tiéu
duong type 2 1a do thiéu hut hoic khong dép img hormone incretine, ting di hoa lipid,
ting glucagon trong mau, giit nuéc va mudi cao hon va cc bit thudng chuyén hoa
khac. Cac nghién ciru duge thuc hién véi chudt khong c6 mam bénh an nhiéu chat
béo, chudt an ché do binh thuong va chudt dugc nuoi béng ché d6 an tiéu chuin da
chirng minh ré“mg qué trinh trao ddi chat va mién dich chu yéu phu thudc vao su da
dang va thanh phan vi sinh vat, khéng phan biét ché do dn udng. Nhimg con chudt co
cung kiéu gen va ché do an tuong tu c6 thé co cac kiéu chuyén hoa glucose khac nhau
(tang duong huyét hodc ha duong huyét) tuy thudc vao h¢ vi sinh vat duong rudt cia

chung. Nhing phat hién nay xac nhan mdi twong quan giita hé vi sinh vat duong rudt
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va chirc ning trao dbi chat [38].
1.2.2.3. Vi khudn dwong rudt trong trao déi lipid

Viéc duy tri mgt h¢ vi sinh vat duong rudt binh thuong va khoe manh dong
mot vai trd quan trong trong viée duy tri strc khoe tot. Trong dudng rudt cua ngudi
khoe manh, céc loai thudc chi Ruminococcus, Lactobacillus va Clostridium chiém
hon 90% tong luong vi sinh vat. Nhitng thay ddi vé ca thanh phan va chirc ning cia
hé vi sinh vat duoc goi 12 ri loan sinh hoc, 14 nhitng dic diém chung ctia mot s6 bénh
ly bao gom cac bénh chuyén hoa nhu béo phi va tiéu duong type 2. Mot s6 nghién
ctru tién 1am sang va 1am sang cho két qua 1a ¢ ngudi béo phi su da dang vi sinh vat
thap hon so v&i ngudi gay.

Céc nghién ctru vé mdi lién quan giita bénh béo phi va vi sinh vat thay rang su
gia ting trong luong co thé co lién quan dén sy thay doi ty 1¢ Bacteroidetes/
Firmicutes, trong d6 lugng Firmicutes 16n hon so vdi Bacteroidetes. Ngoai ra, trong
cac nghién ctru khéc, cac tac gia khong tim thay bang ching vé mdi lién quan gitra ty
1¢ Bacteroidetes/ Firmicutes va bénh béo phi & ngudi. Mot s6 su thay doi cua két qua
dugc bao cdo giita cac nghién ciru co thé 13 do su khac biét vé quy trinh nghién ctru
hodc do phuong phap luan khac nhau [39].

Sy thay d6i thanh phan hé vi sinh vat duong rudt c6 thé gy béo phi ¢ ngudi
theo co ché: diéu chinh ning lwong hap thu, twong tac voi cac phan tir truyén tin hiéu,
thay d6i tinh thAm cuta rudt, giai phong cac hormone rudt, va viém man tinh. Mot sd
nghién ctru trén nguoi cho thiy béo phi c6 lién quan dén su khac nhau cta hé vi sinh
vat duong rudt, su da dang vi khuén giam, thay ddi biéu hién cac gen vi khuan va cac
con dudng chuyén hoa [40].

Béo phi ciing lién quan dén sy gia ting qua trinh 1én men do vi khuan va giai
phong ning luong tir cac thanh phan khong tiéu hoa duoc cia thyc pham. Qué trinh
cac vi sinh vat duong rudt Ién men carbohydrate khong ti€u hoa dugc thanh axit béo
chudi ngan (SCFA), diy 1a nhiing chit dong vai tro kha quan trong vi chiing tham gia
vao qua trinh truyén tin hiéu trong tiéu hoa, hap thu thirc dn. Axit béo chudi ngan do
vi khuén sinh ra 1am tang: (1) hap thu va van chuyén monosaccharide vao hé tinh
mach cira ctia gan, (2) hinh thanh chat béo trong céc té bao mé, va (3) tang luu luong
carbon vao gan va mdé md. Vi khuan ciing c6 thé tryc tiép diéu chinh can bang ning

lugng ndi moi cua vat chu va diéu chinh chuyén héa bang cach tang van chuyén
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triglyceride vao cac té bao md va thay di su tiét hormone rudt gy cam giac no [34].

Tom lai, hé vi khuan duong rudt c6 thé gop phan lam thay doi nang luong du
trit va gy béo phi thong qua mot sd co ché. Tuong tac cua vi khuan duong rudt véi
hé mién dich bam sinh c6 thé anh hudng dén qua trinh viém va trao ddi chit, gay béo
phi va rat quan trong d6i véi sirc khoe con ngudi.

1.2.3. Méi lién quan giiva vi khudn dwong rudt va sirc khée con nguwoi

Thanh phan va chic nang cua vi khuan khac nhau tly thudc vao vi tri dudng
tiéu hoa, do tudi, giodi tinh, ching toc va khau phan in cta con nguoi [41].

Vi khuan xdm nhép vao con ngudi ngay sau khi sinh. Theo thoi gian, cic moi
lién hé gitra vi khuén va vat chu da phat trién thanh cac méi quan hé c6 loi. Cac vi
khuan cong sinh chuyén hoa hop chat kho tiéu, cung cap cac chat dinh dudng thiét
yéu, chong lai sy xAm chiém ctia cic mam bénh co hoi va gdp phan hinh thanh cau
trac rudt [42]. Vi khuan duong rudt tham gia vao qua trinh tiéu hoa mot so loai thirc
an ma enzyme ¢ da day va rudt non khong phan giai dugc. Nhitng thirc an nay thuong
chira nhiéu cht xo va ching duoc mot sd vi khua nhu Lactobacillus, Bifidobacterium
phén giai.

Céc nghién ciru da 1am rd vai tro ciia hé vi khudn duong rudt trong viéc can
bang ndi mdi lipid va protein, tham gia tong hop cac vitamin cho co thé nhu vitamin
B9, B2, B12, K, H va cac vitamin B khac. San xuat cac axit béo chudi ngin (SCFA)
nhu axit axetic, propionic va butyric, va dong vai tro nhu mot nguén niang luong cho
biéu md rudt ciia con ngudi. Cac SCFA nay co thé dugc hap thu nhanh chéng trong
dai trang va cd nhiéu vai tro khac nhau trong viéc diéu chinh nhu dong rudt, chong
viém, can bang ndi moi va thu nang luong [43].

Ngoai ra, vi khuan song trong rudt kich thich sy phat trién binh thuong ctia hé
thong mién dich trong co thé. Céc tin hidu va san pham chuyén hda co thé duoc cam
nhan boi cac té bao tao mau va khong tao mau cua hé théng mién dich bam sinh va
dugc chuyén thanh cac phan tng sinh 1y [44].

Nam 2014, cac nha nghién ctru da phan tich bo dir li€u trinh tu gen 16S rRNA
tir Hiép hoi Dy 4n Vi sinh vat & nguodi (HMP) va thay rang gidi tinh c6 lién quan dén
cac kiéu quan xa duoc xac dinh trong phan, nam gi6i c6 kha ning c6 it Bacteroides
hon va Prevotella cao hon. Nhin chung, thanh phan cta hé vi sinh vat duong rudt

duong nhu khac nhau giira cac gidi, trong d6 su da dang o (chi sé Chao va Shannon)
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O nir cao hon so voi nam. H¢ vi sinh vat lién quan dén niém mac & nit cho théy sur
phong phu cao hon cua Actinobacteria, Lactobacillales, Streptococcaceae,
Bifidobacterium va it Veillonellaceae va Clostridia chua dugc phan loai.

Céc nghién ctru so sanh chudt nudi binh thudng véi chudt khong mang mam
bénh d phat hién ra rang chudt khong mang mam bénh c6 nhiéu khiém khuyét trong
qua trinh phat trién mé bach huyét lién quan dén dudng rudt va san xuat khang thé.
Mot bao cao khac ciing di ching minh rang hé vi sinh vat dudng rudt tao ra phan tng
dung nap hoat dong trén cac té bao dudi gai & rudt va e ché qua trinh viém thong
qua té bao lympho T helper [45].

1.2.4. Vi khudn dwong rudt trong bénh tiéu dwong type 2
1.2.4.1. Vi khuan dwong ruét va bénh béo phi

Vi khuan duong rudt tham gia vao nhiéu loai chtrc ning chuyén hoa khac nhau
nhu 1én men va hap thu carbohydrate chua tiéu hoa, hap thu chat dién giai va khoang
chét, diéu hoa nhu dong rudt va téng hop mot s6 vi chit dinh dudng. Do vai tro cua vi
sinh vat trong viéc thuc hién cic chirc ning nay nén nhiing thay dbi cua cta ching
trong rudt nguoi ciling 1a nguyén nhan ctia bénh béo phi [46].

Vi khuan duong rudt co lién quan dén su phét trién cta cac bénh chuyén hoa
nhu tiéu dudng va béo phi, gop phan vao diéu chinh can bang ning luong cia co thé.
Thanh phan vi khuan dudng rudt thay doi co thé gdy ra sy mat can bang niang luong
dan dén nhimng thay doi vé chuyén hoa, hoat dong than kinh tir 6 thuc day su phat
trién ctia bénh béo phi [47].

Nghién ciru trén chudt cho thdy c6 mbi lién quan ctia vi khuan duong rudt doi
v6i su tich tu chat béo. Chudt khong mang mam bénh thi luong m& trong co thé it hon
s0 v6i chudt binh thudng mic du ching an nhiéu hon. Bé chimg minh, nguoi ta da
ciy ghép hé vi sinh vt ctia chudt béo phi sang chudt khong mang mam bénh, két qua
d3 gy ra su gia ting trong lugng rat dang ké so voi nhitng con chudt khong mang
mam bénh duoc ciy ghép hé vi sinh vat tir nhitg con chudt gay [48].

Sy gia ting Firmicutes duoc thiy & ca dong vat va ngudi béo phi co thé lién
quan dén viéc phan giai polysaccharide kho tiéu thanh monosaccharide va axit béo,
do d6 giup co thé d& hip thu va tao ra nhiéu ning luong hon. Trong khi d6 & nhimg
dong vat gy, cac polysaccharide khé tiéu dugc bai tiét qua phan [49].

Bacteroidetes co it gen ma hoa cho cac enzym tham gia chuyén hoa lipid va
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glucid hon so vai Firmicutes. Tuy nhién trong nganh Bacteroidetes, loai Bacteroides
thetaiotaomicron da dugc ching minh 14 1am tang kha nang hap thu va xtr 1y chat dinh
dudng cua vat chu [50].

Mot s6 nghién ctru trén ngudi cho thiy ty 16 Firmicutes/Bacteroidetes cao &
ngudi béo phi, nhung ciing ¢6 nghién ciru khong tim thiy mdi twong quan giira chi
s6 khéi co thé va ty 1é Firmicutes/Bacteroidetes. Ngoai ra, van c6 nghién ctru tim thiy
mot ty 1€ ngugc lai. Nhirng ngudi béo phi thuc hién an kiéng it calo hodc dung bién
phap cit bo da day, két qua da giam ty 1¢ Firmicutes/Bacteriodetes [51].

Mot phat hién quan trong khac & ngudi 14 viée chuyén tir ché do an nhiéu chat
béo, it chat xo sang ché d6 an nhiéu chét xo, it chat béo da tao ra nhiing thay doi dang
ké doi voi hé vi sinh vat chi trong 24 gio. Hon nita, & ngudi su gia ting chat béo trong
ché do an udng 1am giam sb luong vi khuan Lactobacillus va giy ra su gia ting vi
khuan Gram am [52]. Cac nghién ctru cling cho thidy & ngudi béo phi c¢6 lugng
Lactobacillus reuteri cao, trong khi d6 cac loai nhu Lactobacillus casei, Lactobacillus
paracasei va Lactobacillus plantarum co ty 18 thap hon [53].

Ngoai ra, mot $6 nghién ctru da xac dinh mdi lién hé ctia mot sd loai vi sinh vat
v6i bénh béo phi ¢ nguoi. Nghién ciru ¢ phu nit mang thai thira can cho thiy lugng
Bacteroides thap hon nhung lwong Staphylococcus, Enterobacteriaceae va
Escherichia coli (E. coli) cao hon so vdi phu nit mang thai ¢6 can nang binh thuong.
O tré béo phi, lugng vi khuan Faecalibacterium prausnitzii (F. prausnitzii thudc nganh
Firmicutes) cao hon dang ké so véi tré khong béo phi. Ty 1é ctia nhom vi khuan
Bacteroides, Prevotella dugc chimg minh 1a ting sau khi giam can & thanh thiéu nién
béo phi [54].
1.2.4.2. Vi khudn dwong rudt va dé khdang insulin

Nghién ciru Bifidobacterium spp cho thay, khi nhém vi khuan nay gia ting thi
tinh trang viém & chudt béo phi giam. Nguyén nhan cta hién twong nay c6 thé do
Bifidobacterium spp di lam ting san xuat GLP-1 va peptide YY, do d6 qua trinh dé
khang insulin giam, chtic ning ciia té bao B tang.

Mot nghién ciru gan day d6i véi 277 ngudi Pan Mach khong méc bénh tiéu
dudng dé diéu tra xem liéu hé vi sinh vat duong rudt c6 anh hudng dén cac dau hiéu
chuyén héa lién quan dén khang insulin hay khong. Két qua cho thiy & nhitng ngudi

khang insulin thi kha ning van chuyén acid amin chudi nhanh (BCAA) ctia mau vao
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té bao giam. BCAA gitip duy tri glucose mau & muc do binh thudng, ngoai ra con
gitip co thé ting tiét insulin. Nguén BCAA cung cap cho co thé dugc 14y tir thirc an
hoac duoc téng hop ttr vi sinh vat. Mot s6 vi khuan duoc coi 12 “nha san xudt” BCAA
d6 1a Prevotella copri va Bacteroides vulgatus. Day 1a nguon BCAA rét quan trong
gitip giam kha nang khang insulin ciia co thé [55].

Loai vi khuan trong tdm trong nghién ctru vé bénh béo phi va bénh tiéu dudng
type 2 la Akkermansia muciniphila khu tr trong 16p chat nhay. Zhang va cong sy
nhan thay vi khuan A. muciniphila giam & nhitng nguoi tién tiéu duong va nguoi tiéu
duong type 2. Luong vi khuan nay it c6 thé 12 ddu hiéu sinh hoc cho tinh trang khong
dung nap glucose [56]. Ngoai ra, cac nghién ciru gan dy & cac cip song sinh cho
thay A. muciniphila giam truéc khi bat dau méc bénh tiéu duong type 2 [57].

Prevotella copri ciing duoc cong nhan 1a c6 lién quan tich cuc dén viéc san
xudt cac hop chat ting cuong strc khoe nhu axit béo chudi ngan, cai thién kha ning
dung nap gluucose [58]. Prevotella copri c6 kha nang dung nap glucose 14 do vi khudn
nay lam ting du trit glycogen & gan, ting san xuat succinate. Sy phong pht cia
Prevotella copri ciing lién quan dén su gia ting hormone dudong ruét GLP-1 va giam
cam giac doi [59].

1.2.5, Sin pham trao déi chit ciia vi khuin duong rugt véi nguoi tiéu duong type 2

Di truyén, 161 séng va ting trong luong co thé déu gop phan vao sy phat trién
ctia bénh tiéu dudng type 2. Khoang 80% ngudi thira can bi bénh tiéu duong type 2.
MB&i lién quan gitra vi sinh vat dudng rudt va bénh tiéu dudng type 2 da duoc thé hién
thong qua cac nghién ctru trén chudt khong méc bénh tiéu duong. Viée dua hé vi sinh
vat tir chudt méic bénh tiéu duong vao duong rudt chudt khong méc bénh tiéu duong
s& lam tang dang ké chat béo trong co thé va khang insulin [58].

Sau d6, mot sb nghién ctru da ghi nhan sy thay ddi hé vi sinh vat dudng rudt
lién quan dén bénh tiéu duong type 2. Sau khi phan tich mot nhém bénh nhan Trung
Quéc méc bénh tiéu duong type 2, Qin va cdng su th'éiy hé vi sinh vat & nguoi tiéu
duong co it vi khudn san xuét butyrate nhu Clostridiales sp., F. prausnitzii, Roseburia
intestinalis va E. rectal [59]. Hon nita, mdi truong séng trong rudt ngudi tiéu dudng
type 2 chira mam bénh co hoi bao gdm Desulfovibrio khtr sulfate, Bacteroides caccae
va E. coli. Bé sang to hon phat hién nay, mot nghién ctru & phu nit sau méan kinh ¢

Scandinavi cho thdy mirc d6 giam cua F. prausnitzii va R. intestinalis & ngudi tiéu
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duong type 2 so v6i nhitng nguoi bi suy yéu dung nap glucose. Ngoai ra, cac nghién
clru trén ngudi tiéu dudng type 2 ¢ Trung Qudc va Scandinavi déu cho thdy mirc do
Lactobacillus ting cao. Bénh béo phi va réi loan chuyén hoa glucose 1a do su thay
d6i ty 1é giita Bacteroidetes va Firmicutes [60].

Ngwoi khoe manh Ngwoi bi bénh T type 2

B N

;‘: . it . ! _4
Ché d6 an Dia Trung Hai Che do an Phwong Tay
Tang axit béo chudi ngan _ e Giam axit béo chudi ngan

—

Tang cac vi sinh vat:
Tang cac vi sinh vat: E cfh’ :
R.intestinalis D‘esu Hovibrio

F.prausnitzii
E.rectale
Clostridiales sp

Bacteroides caccae
Intestinibacter sp

00
Hinh 1.2. Hé vi sinh vt dudng rudt & ngudi khi ché d6 an khac nhau [59]

Nhitng nguoi thira can va béo phi, ché d6 an theo cic nudc phuong Tay s& c6
xu huéng phat trién bénh tiéu duong type 2. Trong khi nhitng nguoi khoe manh co
ché d6 an udng can bang véi ham lugng cao cac chit nhu axit béo khéng bdo hoa,
protein thuc vat va chat xo thi hé vi sinh vat duong rudt s€ giau nhém vi khuan R.
intestinalis, F. prausnitzii, E. rectale, Lactobacillus sp. va Clostridiales, nhitng nguoi
mic bénh tiéu duong type 2 s& c6 vi sinh vat thudc chung Desulfovibrio sp.,
Bacteroides sp. va Intestinibacter sp. cao hon.

Nghién ciru ctia Trung Qudc cho thdy su gia ting E. coli & bénh nhan tiéu
duong type 2 va mot nghién ctru khac ctia Pan Mach cho thiy mirc d6 Proteobacteria
d3 tang 1én trong ngudi tiéu dudng type 2 [61]. Nhitng vi khuan Gram 4m nay c6 kha
nang lién quan dén sinh 1y bénh tiéu dudng type 2. Cu thé, lipopolysacarit (LPS) do
cac vi khuan nay tiét ra c6 thé thuc day qua trinh viém nhidm can 1am sang, dién hinh
cho ca bénh tiéu duong va béo phi. Cac nghién ctru gan day cho thay, dic trung cua

bénh tiéu duong type 2 1a do tang ndi doc td. That vay, nhitng con chudt dugc an ché
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d6 an nhiéu chat béo (HF) cho dén khi mic bénh tiéu duong sé& bi nhiém doc ndi doc
t6, tang tinh thAm rudt va hé vi sinh vat kha khéac biét [40]. Ngoai ra, thuat ngit nhiém
tring chuyén héa duoc dung dé mé ta vai trd cta hé vi sinh vat trong viém nhiém noi
doc td cung v6i tinh trang khang insulin & tiéu duong type 2. Endotoxin c6 ngudn gbc
vi sinh vat c6 thé dong mot vai tro trong tinh trang khang insulin lién quan dén tiéu
duong type 2 do ndng dd6 DNA cua vi khuan trong mau (chu yéu 1a Proteobacteria)
da dugc chirg minh 1a tang trong tién tiéu duong.

Canh bao hién nay trong cac nghién ciru ¢ nguoi 13 thiéu thong tin lién quan
dén vai tro cua thude tri dai thao duodng trong viéc thay ddi hé vi sinh vat. Pai dién
cho loai thudc dau tién dugc lua chon dé diéu tri bénh tiéu duong type 2 1a metformin.
Céc nghién ctru cia Thuy Dién, bénh nhan tiéu duong duoc diéu tri béng metformin
va hé vi sinh vat ciia minh khi da dugc lam giau chi Enterobacteriaceae va c6 muc
d6 thap ham lugng chi Eubacterium va Clostridium. O nhitng con chudt dugc cho dn
ché do an nhiéu chat béo, metformin di dugc chirng minh anh hudéng dén ca qué trinh
chuyén hoa glucose cua vat chi ciing nhu hé vi sinh vat bang cach ting luong Vi
khuan Akkermansia [62]. Gan day, diéu tri metformin ciing d3 duoc chimg minh 1a
1am thay doi thanh phéan vi sinh vét & bénh nhan tiéu dudng type 2, két qua 1a ting
Escherichia sp. va giam sy phong phu cua Intestinibacter sp [63].

SCFAs, BCAAs, succinate, indole va imidazole la cac chat chuyén hoa cua vi
sinh vat ky khi ¢ rudt, cac chét nay hoat dong nhu cac thanh phﬁn trung tam trong cac
con duodng truyén tin hiéu tir vi sinh vat dén vat chu [64]. Cac chét chuyén hoa nay
chu yéu dugc tao ra tir cac chi vi khudn nhu Prevotella, Akkermansia,
Faecalibacterium, Lactobacillus, Streptococcus, Ruminococus, Coprococcus,
Eubacterium, Roseburia, Clostridium, Bacteroides, Propionibacterium va
Fusobacterium [65]. O bénh nhan tiéu dudng type 2 phan 16n hé vi sinh vat dic biét
nay bi can kiét va it hon so voi ngudi khong tiéu dudng.

Butyrate, axetat va propionat la nhitng SCFA phong pht nhét duoc tao ra tir
qua trinh 1én men chat xo trong dudng rudt [66]. Axetat va propionat hau hét duoc tao
ra boi nganh vi khuan Bacteroidetes, trong khi butyrat dugc tao ra béi nganh
Firmicutes [67]. SCFAs duoc cac té bao niém mac rudt truc tiép sir dung 1am ngudn
nang luong hodc chuyén dén hé tuan hoan dé tao ra ngudn niang luong quan trong cho

vat chu va c6 kha nang hoat dong nhu cac phan tir tin hi¢u [66].



23

SCFA anh huéng manh mé dén qua trinh chuyén héa glucose théng qua hoat
dong két hop véi cac thy thé dugce ghép ndi voi protein G (GPR) duoc chon. Chung
dugc biéu hién chu yéu trong mé md, rudt va cac té bao mién dich. Su kich thich
GPR43 va GPR119 thic day sy bai tiét cua incretin GLP-1 tir cac té bao L duong rudt
[68]. GLP-1 tang cuong giai phong insulin tir t& bao P, trc ché bai tiét glucagon, bao
vé té bao B khoi qua trinh chét té bao, thiic ddy ting sinh té bao P va kéo dai thoi gian
van chuyén duong rudt [69]. Kich thich thu thé GPR41 bai butyrate va propionate c6
kha ning tao ra gluconeogene & rudt thong qua hai co ché hoat dong khac nhau. Thu
nhét, béng cach hoat dong nhu mot chit cha van GPR41 giip tdng cuong biéu hién
gen tao gluconeogenes & rudt va thir hai thong qua mot mach than kinh nao - ruét lién
quan dén GPR41 [70].

SCFA ciing c6 thé tac dong truc tiép dén chuyén hoa glucose & gan, 1am giam
qua trinh duong phan va tao gluconeogene, ting tong hop glycogen va giam nong do
axit béo trong huyét trong. SCFAs c6 kha ning kich hoat hoat dong day than kinh
pho giao cam, 1am ting cam giac thém an va thiic day bai tiét insulin do glucose kich
thich [71].

SCFAs di dugc ching minh 13 ting cudng sy hap thu glucose ¢ ngoai vi, bang
cach tang su biéu hién cua chat van chuyén glucose loai 4 (GLUT4), thong qua hoat
dong cua protein kinase (AMPK). Thir hai, trong co xuong, SCFAs c6 kha nang gidm
duong phan tir d6 dan dén tang tong hop glycogen [72].

Acetate, SCFA duoc biéu mé rudt hép thu, van chuyén dén gan qua tinh mach
clra, va cudi cung dugc phan phdi dén cac md ngoai vi noi né6 duoc chuyén hoa.
Axetate toan than c6 kha ning vuot qua hang rdo mau ndo, noi nd cé thé kich hoat
acetyl-CoA carboxylase dan dén ting cuong sy biéu hién ciia cic neuropeptide gdy
kich hoat t& bao than kinh vung dudi ddi va ngan chan sy thém an [73].

Butyrate 13 co chét va ngudn ning luong chinh cho té bao dai trang, cung cap
it nhat 60-70% nang luong cho té bao niém mac rudt két. Butyrate rat quan trong trong
viéc duy tri cn bang ndi mdi biéu mo rudt két chu yéu bang cach sir dung cac dic tinh
chdng viém cua no, do d6 ngan chin viéc san xuat oxy phan tng va céc loai nito dugc
tao ra trong stress oxy hoa. Su phong pht cta vi sinh vat san xuat butyrate c6 lién
quan dén phan mg insulin trong qua trinh thir nghiém dung nap glucose qua duong

miéng (mot dau hiéu cho thay chic ning té bao p dugc cai thién) [74].
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Propionate duogc san xuit qua dudng rudt 1a mot tién chét vu tién da biét dé tao
gluconeogenesis, trong do khoang 50% duogc str dung theo ciach nay. Propionate di
vao chu trinh axit tricarboxylic (TCA) va duoc chuyén thanh succinyl-CoA thdng qua
ba phan tmg lién tiép. Két qua succinyl-CoA quay lai chu trinh TCA va duoc chuyén
thanh oxaloacetate, tién chét tao gluconeogenesis [75].

Sy phan phéi propionate ting 1én & rudt cé lién quan dén chirc ning té bao B
ting cuong va su bai tiét insulin duoc diéu tiét bang glucose ma khong phu thudc vao
su thay d6i mirc GLP-1. Propionate bao vé té bao B tuyén tuy cua nguoi thong qua
viéc tre ché truc tiép qua trinh chét té bao gay ra boi cac cytokine gy viém. Bo sung
propionate cho nguoi thira can thong qua dn udng sé giam nang lugng tiéu thy, dong

thoi ting ndng do peptide YY (PYY) va GLP-1 trong huyét twong [76].

Khuyén khich bénh nhan dn mot ché do dn nhiéu chit xo da duoc ching minh
1a cai thién lugng vi sinh vat san xuat SCFA, dan dén giam mirc HbAlc do ting san
xuat GLP-1. Nghién ciru & cac nhém nguoi thuan tap cho thdy nhom an nhiéu chat xo
c6 mirc HbAlc giam (HbAlc <7%) so v6i nhom d6i ching [77]. Nong do butyrate
trong huyét twong sau n cao hon dugc tim thiy ¢ nhitng nguoi su phong pht cua céc
loai Intestinimonas butyriciproductionns va Akkermansia muciniphila 1én hon. Nong
d6 butyrate tuong quan truc tiép voi d6 nhay insulin sau an, duoc danh gia bang do
nhay insulin duong uéng (OGIS) [78].

Vi khuan 1én men chat xo thyc pham tao ra mot luong 16n succinate giup cai
thién gia tang glucose mau thong qua viéc kich hoat qua trinh tao gluconeogenes &
rudt, diéu nay ciling ding véi cac acid béo chudi ngan 1a butyrate va propionate [79].
1.3. Ky thuat metagenomics va wng dung trong nghién ctru hé vi sinh vat
1.3.1. Khai qudt vé metagenomics

Nam 1998, Handelsman, Goodman va mot s6 tac gia 1a nhimg ngudi dau tién
st dung thudt nglr “metagenomics”. Metagenomics la nganh cong ngh¢ nghién ciou
vé metagenome véi nguon vat liéu 12 DNA/RNA. Metagenomics 1a sy phan tich da
hé gen cua tat ca cac vi sinh vat thu nhan truc tiép tr mau moi trudng tu nhién ma
khong théng qua nudi cdy. Do d6, metagenomics cho phép phan tich toan thé vi sinh
vat sdng trong bat ky méi trudng tu nhién nao [80].

Theo wéc tinh Trai Dat c6 trén 10%° loai prokaryote dang séng, trong d6 khoang



25

95-99% vi sinh vét chua thé nudi cdy duge trong phong thi nghiém [59]. Trong nhitng
nam gan ddy, cung véi su phat trién nhanh ctia cong nghé giai trinh tu gen thé hé méi,
k¥ thuat metagenomics cho phap giai ma khdi lvong gen dd so tir vi sinh vat thu dugc
trong mot mau mai tredong ma khoéng can nudi cdy. Ngudn dit liéu phong pha ndy cho
phép khai thac tdi da ngudn gen quy cling nhu tim hiéu co ché tac dong giira cac vi
sinh vat voi1 hé sinh thai.

Cong dong vi khuan déng mot vai trd quan trong trong viéc bao vé strc khoe
con nguoi. Tuy nhién, thanh phan va co ché hoat dong ctia ching van con rat nhiéu
bi 4n. Dy 4n ctia “Human Microbiom” buéc dau da sir dung trinh ty metagenome cua
cac cong dong vi khuan ¢ 15-18 vi tri khac nhau trén co thé cia it nhat 250 nguoi dé
danh gia su thay doi va méi quan hé cua chung voi stic khoe ctia con nguoi. Mot
nghién ciru y té khac cua duy an MetaHit (Metagenomics of the Human Intestinal
Tract) tién hanh & 124 c4 nhan tr Pan Mach va Tay Ban Nha méc bénh duong rudt,
thira can va cau kinh d3 cong bd thong tin vé su da dang phat sinh loai vi khuan tiéu
hoa. Nghién ctru da chirng minh rang hai nganh vi khuan Bacteroidetes va Firmicutes
chiém hon 90% cua céc loai duoc biét dén dang théng tri vi khuan duong rudt. Sir
dung tan sd gene lién quan duoc tim thay trong rudt di xac dinh 1244 cum gene cua
metagenome 1a cuc ki quan trong cho sttc khde cua duong rudt. Bénh nhan bi hoi
chtng rudt kich thich chi c6 75% cac gene trén va tinh da dang vi khuan thap hon so
v6i1 cd nhan khong bi hdi chimg ruét kich thich. Nghién ctru cling da chi ra su thay
d6i da dang ctia quan x4 vi sinh vat ciia bénh nhan c6 thé lién quan véi bénh dudng
rudt hodc béo phi. Trén co sd cac nghién ciru vé metagenome cua hé vi sinh vat hoat
dong o co thé ngudi dé phat trién cac cong cu va cong nghé sinh hoc méi hd tro cac
muc tiéu ctia y hoc. Mot s6 nghién ctru khac vé metagenomics cho phép phat hién ra
Virus - nguyén nhan gy ra mot s6 bénh ung thu & ngudi.

Tai nudce ta, cac nghién ctru da hé gen cua vi sinh vat khong thong qua nuoi
ciy da dugc trién khai trong nhiing nim gan day. Tir nim 2012-2015, nhém nghién
ctru cia GS. TS Truong Nam Hai tai Vién Cong nghé sinh hoc, Vién Han 1am Khoa
hoc va Cong nghé Viét Nam di 4p dung k¥ thuat metagenomics dé phan lap hé gen
mi hoa enzyme thuy phan lignocellulose tir khu hé vi sinh vat rudt mdi Viét Nam.

Cong trinh da xdc dinh dugc 316 ORF ma hoa cellulase, 259 ORF ma hoa
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hemicellulase va 12 ORF ma hoa pectatelyase va pectinesterase [81]. Pac biét tir
nam 2014, B6 Khoa hoc va Cong nghé da phé duyét danh muc du 4n khoa hoc va
cong nghé cip qudc gia nham muc dich khai thac hiéu qua ngudn gen phong pha va
da dang cuia vi sinh vat vdi tén goi: “Nghién cuu metagenome cua vi sinh vdt tir mot
$6 méi trwong déc thit nham tim kiém cdc gen, enzyme, chdt xiic tdc sinh hoc méi dé
sdan xudt cdc ché pham sinh hoc phuc vu doi song, bdo vé sirc khde con nguoi va moi
trwong”. Du an duoc trién khai theo cac huéng nhu khai thac dugc cac gen méi co
kha ning phan huy dioxin; nghién ctru da hé gen cta vi sinh vat dat ving ré dé ting
nang sut chat lugng ciia mot sé loai cay trong; sang loc cac chat co hoat tinh sinh
hoc méi tir vi sinh vat lién két voi hai mién va nghién ctru da hé gen cua vi sinh vat
trong cac dam nudi tom hudng téi phat trién nghé nudi tom. Pay 13 nhiing nghién
ctru dau tién tng dung k¥ thuat metagenomics dé giai cac bai toan co tinh chét tong
thé, danh gid da dang va tiém ning di truyén cua vi sinh vat tir hé sinh thai, moi
trrong Viét Nam [82].
1.3.2. Nén ting ciia kj thudt metagenomics
1.3.2.1. Cdc thiét bi giadi trinh ty gen thé hé méi

Trudc day, nghién ctru vi sinh vat dua trén cach phan 1ap va nudi cy truyén
thdng trong cac mdi truong, day 1a mot viée tén kém vé thoi gian va cong stc. Thém
vao d6, c6 toi 99% vi sinh vat khong thé dugc nudi cdy bang cac ky thuat tiéu chuan.
Do d6, metagenomics da trd thanh ky thuat dugc lua chon phé bién va 1a co s& cua
phét sinh loai véi do chinh xac cao hon, va cho két qua nhanh hon [83].
1.3.2.2. May giai trinh tu lllumina

Mot sb loai may giai trinh ty da dugc Illumina phat trién va dua ra thi truong
la NovaSeq, NextSeq, HiSeq, HiSeq X, HiScanSQ, MiSeq,... Trong d6, NovaSeq
6000 1a thiét bi m&i nhat dugc hing Illumina gi6i thiéu. Tuy nhién, cac thiét bi MiSeq
va HiSeq duoc str dung phd bién nhit trong cac nghién ciru. Cac thiét bi doc trinh tur
ctia Illumina déu cho kich thuéc doan doc khoang 200-300 bp [84].

Cac may giai trinh tu Illumina c¢6 thé duoc tng dung trong cac linh vuc sau:

- Boc cac trinh ty DNA hé gen hodc cac gen dich;

- Phan tich diéu hoa hoat dong cua gen;

- Phan tich mirc d6 phién mi trén co sd sb lugng va chit lugng trinh ty, phan
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tich toan bg transcriptome li€én quan dén mirc d6 biéu hién va cac dang RNA;

- Phén tich twong tic DNA-protein (ChIP-SEQ) tao ra cac ban d6 chinh xac
ctia cac vi tri lién két cho bat ky loai protein quan tam;

- Phén tich va phat hién tiéu RNA: Cac tiéu RNA thudng c6 chire ning diéu
hoa vi du nhu microRNA (miRNA). Cac Illumina GA véi dung luong doc ngin 1a
thé hé may lya chon cho doc trinh tu tiéu RNA.

- Nghién clru metagenomics va metatranscriptomics
1.3.2.3. Gidi trinh tir gen thé hé méi g dung trong nghién ciru metagenome

Céc nghién ciru metagenome duoc tién hanh nham phan tich thanh phan va
chtic ning cac loai trong cac hé sinh thai vi sinh vat. C6 hai cach tiép can khi st dung
cac thiét bi giai trinh ty gen thé hé méi trong cac cliru metagenome d6 1a: (1) Giai trinh
tu cac doan khuéch dai ngin (amplicon) hodc (2) Giai trinh tir shotgun (Hinh 1.3).

Trong cach tiép can dau tién, cac ving cu thé trong DNA tir cac quan x3 vi
sinh vat dugc khuéch dai bing cach st dung cac cap mdi dung trong phén loai phan
tu trén cac vung gen 16S rRNA cho sinh vat nhan so va vung gen ITS cua sinh vat
nhan chuan. Giai trinh tu shotgun c6 thé giup tai tao lai cac doan gen 16n hoac bd
gen hoan chinh cta cac sinh vét trong cong ddng ma trude d6 khong phan 1ap dugc,
cach tiép can nay cho phép xac dinh dic diém ctia mot sb lugng 16n cac trinh ty ma
hoa va khong ma hoa dé lam dau hiéu phat sinh loai.

Ca hai cach tiép can déu bat dau bang viéc tach DNA tir cac quan x4 vi sinh
vat. Tiép d6, DNA s& dugc khuéch dai bang PCR véi cac cap mdi cia gen 16S rRNA
(v6i giai trinh ty NGS gen 16S rRNA) hodc bi cit thanh ciac doan DNA ngin
(shotgun metagenomics). Cac doan khuéch dai ciia gen 16S rRNA, hoic cac doan
DNA cit ngin duoc giai trinh ty bang k§ thuat NGS. Cudi cung, tat ca dit liéu trinh
tu dugc xtr 1y bang cach str dung cac cong cu tin sinh hoc cho phép nha nghién ctru
lam sang t6 thanh phan phan loai hodc vai trd cia gen chlrc ning trong mau phan

tich [85].
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Hinh 1.3. Tong quan vé giai trinh tw gen 16S rRNA va giai trinh tu shotgun trong
nghién ciru metagenome

1.3.2.4. Nghién ciru metagenome dua trén gidi trinh tu gen 16S rRNA

16S rRNA 1a viét tit cta 16S ribonucleic axit (rRNA) cta ribosome, trong d6
S 1a don vi Svedberg - don vi do téc do lang. 16S rRNA nay 1a mot thanh phan quan
trong ctia tiéu don vi nhd (Small Subunit - SSU) cuia ribosome nhan so ciing nhu ti
thé va luc lap. Poan DNA ma hoa rRNA dugc goi 1a gen rRNA hodc rDNA. Gen
16S rRNA duogc stir dung lam ma vach phan tir cho cac nghién ctru dinh danh va phan
loai vi khuan boi chiing ¢6 mit & tit ca cac loai vi khuan va vi khuan c6. Gen 16S
rRNA khong qué dai cling khong quéa ngin, c6 kich thude khoang 1500 bp, du chia
cac thong tin vé phat sinh loai va su bién ddi di truyén trong gen 16S rRNA duoc
tim thay giira cac sinh vat nhan so 13 du dé sir dung duoc trong phan tich thanh phan
loai. Gen 16S rRNA c6 9 ving siéu bién ky hiéu tir V1-V9. Céc vung nay c6 kich
thude trung binh khoang 30-100 bp, xen ké& cac vung siéu bién 1a cac ving bao thi,

hau nhu khong thay ddi gifta cac loai vi sinh vét. Do d6, trinh ty gen cta cac ving
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bao thu duoc sir dung dé thiét ké cac moi giup nhan cac vung gen siéu bién [86].

68 136 433 576 980 1117 1243 1435

V1 V2 V7 V8
v4 iSeq 100: 300 bp x 1 (~292 bp)
Vv3-v4 MiSeq: 250 bp x 2 (~468 bp)

Hinh 1.4. So dd cdu trac cac ving trén gen 16S rRNA va cac cip mdi dung dé
khuéch dai cac ving gen siéu bién [87]

Gen 16S rRNA di duogc str dung dé suy ra mbi quan hé phat sinh loai giita cac
nganh cling nhu so sanh gitra cac loai trong cung mot chi [88]. Mot trong nhitng uu
diém ctia gen 16S rRNA chiing dé dang duoc khuéch dai trong PCR. Trén gen c6 cac
ving bao thu ding dé thiét ké moi diéu nay tro thanh mot loi thé dang ké cho trinh ty
doc ngan dua trén may gidi trinh tu thé hé méi [89].

C6 ba phuong phap pho bién dé giai trinh tw gen 16S rRNA cua cac nén tang
may thé hé méi bao gom:

- Boc trinh tu single-end: Cac doan DNA dugc doc trinh tu 1 chiéu tir cac san
pham PCR. Thuong sir dung phuong phap nay trén nén tang may NGS doi dau nhu
Roche 454 va lon Torrents.

- Poc trinh tu doan Paired-end: Cac doan DNA duoc doc trinh tu tir 2 dau cia
san pham PCR. Hai trinh ty nay sau d6 s& duoc ghép lai dé tré thanh 1 doan don hoan
chinh. Hién nay, phuong phap doc trinh tu nay dugc 4p dung phd bién trén cic hé
may Illumina.

- Poc trinh tu doan dai don phan tir theo gioi1 gian thuc: phuong phdp nay
duoc ap dung trén thiét bi giai trinh tu thé hé mai PacBio Sequel. Cac thiét bi nay
c6 kha nang doc doan don dai trén 10 kb. V&i cac doan gen 16S c6 kich thudc
khoang 1,5 kb s€ dugc doc lap lai nhiéu 1an, do d6 s& tang d0 chinh xac cua cac

trinh ty duoc giai.
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Viéc lua chon cac ving gen dé khuéch dai 1a buédce tiép theo trong qua trinh
phan tich metagenomics. Gen 16S rRNA ¢ 9 ving siéu bién c6 thé sir dung dé giai
trinh tir trong cac phéan tich metagenome. Khi phan tich thanh phén loai, c6 thé lua
chon céc ving V3-V5 hodc ving V1-V2 [90]. X4c dinh thanh phan céc loai vi khuan
¢d, viing V1-V4 cho két qua phan tich t6t nhat & muc do chi (genus), va ving V3-V5
cho két qua t6t nhat & mirc d6 ho (family). Vi phan tich ¢ vi khuan, ving V1-V4
cho két qua tot nhat & mirc do loai, va co ti 18 16i doc trinh tu it nhat. Ving V3-V4
cho két qua t6t nhat vai ti 18 16i doc trinh tu thap hon so vai ving V8-V9, ciing nhu
phu hop hon trong cac phan tich nhém loai [89].

Luong dir li€u giai trinh ty gen thé hé méi nhu 16S rRNA metagenome duogc
tao ra ngay cang 16n dan dén sy ra doi ciia cac cong cy phan tich tin sinh hoc cho
phép xtr 1y loai dit liéu nay. Mot sé cong cu phan tich pho bién c6 thé ké dén nhu
QIIME (Quantitative Insights Into Microbial Ecology), Mothur, MG-RAST
(Metagenomics-Rapid Annotation using Subsystems Technology). Trong d6 QIIME
va Mothur 1a phan mém ma ngudén ma viét trén nén ngdn ngit Python va C++ con
MG-RAST 1a cu online [91]. Phan tich bing MG-RAST khéng yéu ciu ngudi sir
dung 1énh, do @6 phu hop véi cac nha nghién ctru khong cé nhiéu kinh nghiém vé tin
sinh hoc. Tuy nhién, phan tich vdi MG-RAST tiéu t6n rat nhiéu thoi gian do mic do
wu tién cta dir liéu dugc cong bd sau khi phan tich (http://metagenomics.anl.gov/).
Do d6, dén nay nhiéu nha nghién ctru van thudng lya chon Mothur va QIIME 1a 2
phan mém chinh dé xir 1y cac s6 lidu giai trinh tw 16S rRNA.

QIIME st dung dé thuc hién phan tich vi sinh vt tir dit li¢u trinh ty DNA tho,
dugc viét dua trén ngdn ngit 14p trinh Python. QIIME duoc thiét ké dé dua ngudi
dung tir dir li¢u trinh ty tho dugc tao ra trén hé théng giai trinh ty [llumina hodc céac
nén tang khéac. Céac budc giai trinh ty bao gém demultiplexing va loc trinh tu, lua
chon OUT; chon, phan loai, phan tich da dang va m6 hinh héa. QIIME da dugc ap
dung cho cac nghién ctru dya trén hang ty chudi tir hang chuc ngan mau.

Mothur 14 phan mém dugc viét trén nén ngdn ngir 1ap trinh C++. Pay 1a san
pham do tién si Patrick Schloss va nhom phat trién phin mém cua 6ng tai Bo mon Vi
sinh hoc va Mién dich hoc tai Pai hoc Michigan cho ra doi vao nim 2009. Dy 4n nay
nham myc dich phat trién mot phan mém ma ngudén mo, ¢ kha ning mé rong nhu

cau tin sinh hoc cta sinh thai vi sinh vat. Mothur 1a sy da két hop céc chiic nang cua
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dotur, sons, treeclimber, slibshuff, unifrac.

Piém chung ctia 2 phan mém Mothur va QIIME la déu dwa ra s6 liéu OUT cho
cac phan tich tiép theo, day 1a don vi phan loai co ban ma céc trinh ty duoc so sanh
v6i mot co so dit liéu va phan loai dua trén mirc d6 tuong dong (théng thudng, céc
trinh tu trong dong nhau 97% duoc xép vao cung mot chi). Mic du dugce sir dung
phd bién nhung chwa c6 nhiéu cong bd so sanh giita chirc ning va sy tién dung cua
cac cong cu phan tich tin sinh hoc nay. Nam 2014, Nilakanta va cOng sy da so sanh
7 phan mém phan tich dir liéu 16S dap Gmg cac tiéu chi gdm mién phi, ddy du cac
chtrc ndng phan tich cling nhu tinh bao mat s6 liéu cao. Nhom tac gid da lga chon
dugc 2 phan mém QIIME va Mothur 13 phut hop hon ca do tinh tién dung va c6 c6
dau du cac huéng dan khi c6 phat sinh 16i trong qua trinh st dung [92].
1.3.2.4. Nghién ciru metagenome dya trén gidi trinh ty shotgun

Shotgun metagenomics 1a mdt cach tiép can nhiam xac dinh dic diém cta céc
cong dong vi sinh vat, tao ra mot luong thong tin phong phu va day du cho tat ca cac
gen chirc ning (gdm ca cac gen 16S rRNA). Thong thudng, giai trinh tu shotgun
metagenomics bang cic may giai trinh tw gen thé hé méi s& thu duoc mot luong 16n
cac doan trinh tu ngén (céc read), cac doan nay dugc stir dung dé lép rap thanh trinh
tu dai hon goi la contig va scaffold. Sau do, str dung cac doan scaffold dé chu gidi
cac khung doc mé (ORF — Open Reading Frame), tir d6 du doan cac protein gia dinh
tham gia vao c4c qua trinh trao d6i chit cuia tirng té bao vi sinh vt cling nhu xay dung
mé hinh tuong tac giita cac loai trong quan xi vi sinh vat [93].

C6 2 chién luge duoc sir dung dé lap rap cac contig va scaffold 1a lap rap dya
trén trinh ty tham chiéu (reference-based assembly) va lap rap de novo. Phuong phap
lép rap dya trén trinh ty tham chiéu dya trén trinh tu da biét dugc thuc hién bﬁng phén
mém chuyén dung v6i uu diém nhanh va hiéu qua. Han ché ctua phuong phap nay
phu thudc rét 16n vao dit liéu tham chiéu, néu dit liéu metagenomic chtra cac trinh tu
gan gili v4i dit liéu genome tham chiéu sé& thu duoc két qua tot. Trén thuc té, phuong
phap nay thudng cho két qua lap rap ngan va khong bao phil dugc toan bo genome
[94]. V&i phuong phap lip rap de novo, nhiéu cong cu tin sinh hoc dwa trén thuét toan
xay dung d0 thi de Bruijn [95] d& duoc phat trién dé c6 thé 1ap rap dugc mot sb luong
khéng 16 cac read tir dir liéu metagenomic, nhu SOAPdenovo2 vr240 [96], ABySS
2.0 [97], IDBA-UD [98] va ALLPATHS-LG [99]. Han ché cua phuong phéap lip rap
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denovo 1a can h¢ thong may tinh c¢6 cdu hinh manh va ton nhiéu thoi gian nhung két
qua thu dugc ¢ mirc 46 bao phu toan bo genome rat cao.

Cac doan contig va scaffold dugc lip rap s& duoc st dung dé chu giai
metagenome. C6 2 cach chu giai metagenome gom:

- Cac hé gen riéng r& dugc lip rap lai tir dit liéu metagenome, sau d6 so sanh,
chl giai voi cac co so dir liéu online nhu RAST (Rapid Annotation using Subsystem
Technology) [100] hay IMG (Integrated Microbial Genome) [101].

- Chu giai toan by metagenome dya vao cac trinh tu contig hodc cac trinh tu
scaffold. Cach nay cung cip birc tranh ddy du hon ca vé da dang vi sinh vat va gene
chtrc nang trong mau nghién ctru, cac budc thuc hién gdom:

+ Dy doéan cac vung ma hoa (CDS — coding sequences) hay cac khung doc mé
(ORF).

+ Chu giai chirc ndng gia dinh cia cdc CDS va nghién ctru sy phat sinh ching
loai ctia cac trinh ty nay. Nhiéu cong cu tin sinh dd dugc phat trién dé du doan cac
CDS v6i d¢ chinh xac cao nhu FragGeneScan [102], MetaGeneAnnotator [103]...
Trong d6, FragGene Scan 1 phan mém c6 ty 1& du doan chinh x4c cao nhat véi ti 16
du doan 15i chi 1-2%. Tiép theo, dé chu giai chirc ning va nghién ctru ngudn géc phan
loai cua cac CDS dugc du doan, cac CDS nay dugc so sanh vdi cac trinh tu da biét
chic nang trén cac CSDL nhu KEGG [104], eggNOG [105], COG/KOG [106],
PFAM [107]... C4c co so dir liéu tham chiéu khong bao ham tat ca cac chirc ning
sinh hoc, tuy nhién cac CDSL nay ciing c6 thé duogc cha giai nho cac hé théng may
chu chta tit ca cac CSDL néi trén nhu hé thong MG-RAST [108], IMG/M va
CAMERA [109].

Két qua ctia budc chu giai phy thudc vao cac phan mém mién phi hodc cé tinh
phi ciing nhu cac co sé dit liéu c6 thé tiép can dugc. Mt khac, ngoai két qua 1a cac
biéu d6, con s6 phan anh birc tranh vi sinh vat, viéc x4c dinh cac gen chirc ning ciing
nhu phan 1ap va thuc hién tai to hop 1a hoan toan co thé thuc hién dugc mot cach
hudng dich.

1.3.3. Ung dung ciia metagenomics
1.3.3.1. Ung dung ciia metagenomics trong danh gid si da dang vi sinh vit

Niam 2010, bang phuong phap giai trinh ty thong lwong cao, DNA ciia toan bo
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vi sinh vt ¢ trong 124 mau phan ngudi Chau Au d3 duoc doc trinh tu c6 kich thuée
1én dén 576,7 Gb. S6 gen vi sinh vat duoc du doan tir trinh tyr 14 3,3 triéu gen (16n hon
150 14n so v&i sb gen cia mot hé gen hoan chinh cta ngudi). Trong d6, hon 90% gen
1a ctia vi khuan, phan con lai cha yéu 1a gen ciia vi khuan ¢, chi 1% la gen cia sinh
vat nhan thyuc va virus. Két qua phan tich ciing cho thiy, hon 99% gen vi khuan thudc
trong nhém 1000 loai vi khuan phd bién [110].

Nam 2012, Lelie va cOng su nghién ciru DNA da hé gen cuia quﬁn x4 vi1 sinh vat
ky khi phan hity vun gd bach duong dugc doc bang may thé hé méi 454. Vi DNA da
hé gen c6 kich thudc 674.959.683 base, 893.380 gen duoc du doan cung vdi su da dang
vi sinh vét va chic niang. Vé da dang, 2 nganh Fimicutes (45,9%) va Proteobacteria
(32,3%) chiém wu thé nhét. Trong nganh Fimicutes, 16p Clostridia chiém uu thé nhat,
dac biét 1a bo Clostridiales (37,5%). Cac loai cta chi Clostridium nhu C. cellulolyticum
va C. thermocellum chiém gan 64% bo Clostridiales va chiém dén 6,3% vi sinh vat trong
quan x4 [110], [108].

Nham nghién ctru su da dang vi sinh va nguon gen mi héa protein chiu nhiét
c6 hoat tinh carbohydrate, Xia va cong su da tach chiét DNA da hé gen vi sinh vat ua
nhiét séng trong bun cellulose. DNA da hé gen co6 kich thudce 1,2 Gb duge doc trinh
tu bang may giai trinh tu hiéu ning cao ctia Illumina. Két qua phan tich trinh ty cho
thy, trong méi trudng nghién ciru, chi vi khuan phan hay cellulose 1a Clostridium va
chi vi khuan sinh methan Methanothermobacteri chiém wu thé. Tong s 31.499 ORF
vé6i kich thudce trung binh mdi ORF 1a 852 bp duge du doan chirc ning va 253 gen
chiu nhi¢t da dugc dy dodn c6 hoat tinh carbohydrate. Cac gen dugc du doan lién
quan dén qua trinh chuyén héa carbohydrate c6 mirc d6 tuong dong tir 20% dén 100%
s0 V@i cac trinh ty axit amin twong ung voi CSDL ctia NCBI [111].

Két qua phan tich DNA da hé gen vi sinh vét ciia hai mau dt ring ngap min
thu & Rio de Janeiro (RJ) va Bahia (BA) cho thiy s luong loai c6 mit & ca hai mau
moi truong khé twong duong nhau, RJ 1a 974.385 va BA 1a 847.721. Trong do, cac
nganh vi khuan chiém wu thé gidng nhau & ca 2 miu moi trudng 1a Proteobacteria
(57,8% va 44,6%), Fimicutes (11% va 12,3%) va Actinobacteria (8,4% va 7,5%). Xu
va cong su danh gia DNA da hé gen cua 33 miu dit 1ay tir dat rimg, dat sa mac, dat
trong co, dat Arctic va dat rimg ngdp man. Vi sinh vat c6 mit trong dat gdm 11 nganh

va 53 chi. Trong d6, Proteobacteria 1a nganh chiém ty I¢ cao nhat, trir mau dét sa mac.
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O dat sa mac, ca 2 nganh Proteobacteria (30%) va Actinobacteria (29%) chiém uu
thé [112].
1.3.3.2. Ung dung Metagenomics trong nghién ciru khu hé vi khuan lién quan dén
bénh tiéu dwong

Mot s nghién ciru cho thdy ngudi mac bénh tiéu dudng type 2 c¢6 biéu hién
roi loan hé vi sinh vat dudng rudt. Nghién ciru ctia Larsen cho thdy, & cip d6 nganh
su phong phii cia Firmicutes & ngudi mic bénh tiéu dudng type 2 thap hon so voi
nhom ddi chtimg nhung Bacteroidetes va Proteobacteria lai phong phti hon. Ngoai ra
cac nghién ctru khac di chting minh ching rdi loan vi khuan ¢ ngudi mic bénh tiéu
duong type 2. Ching loan khuan & ngudi mic bénh tiéu duong type 2 c6 thé do su
tuong tac cua hé vi sinh vat duong rudt voi hé théng mién dich cua vat chu. So sanh
thanh phan caa khu hé vi khuan duong rudt trong mot s6 nghién ciru dugc thé hién ¢
Bang 1.6

Bdng 1.6. So sénh thanh phan khu hé vi khuan dudng rudt cia nhom nam giGi

mic bénh tiéu duong type 2 va nhém nam gii khong mac bénh tiéu duong

Phan loai vi sinh vat Ngudi ticu dwong type 2 Nguoi khée manh

Nghién ctru cua Larsen [62]

Nganh vi sinh vat Bacteroidetes 7, Firmicutes

Proteobacteria 7

Lé6p vi sinh vat Bacilli, Bacteroidetes 7, Clostridiay

Betaprobacteria 7

Chi vi sinh vt Akkermansia 7,
Alistipes 7, Bilophila 7,
Dialister 7, Dorea 7,
Parabacteroides 7,
Prevotella 7,
Sporobacter 7,
Succinivibrio 7,

Sutterella 7

Loai vi sinh vét Dorea longicatena v

Nghién ctru cia Zhang [56]
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Phén loai vi sinh vat

Nguoi tiéu dwong type 2

Nguwoi khée manh

L&p vi sinh vat

Clostridia 7,
Clostridiales 7*

Ho vi sinh vat

Lachnospiraceae 7

Chi vi sinh vat

Abiotrophia 7,
Collinsella 7, Dorea 7,
Eubacterium 7,
Peptostreptococcus 7,
Prevotella 7,
Ruminococcus 7,
Sporobacter 7,

Subdoligranulum 7

Bacteroides,
Haemophilus,
Megamonas+,

Roseburiay

Nghién ctru ciia Ahmad [11

Nganh vi sinh vat

Bacteroidetes Y,
ElusimicrobiaV,
Firmicutes V,
Proteobacteria,

Verrucomicrobioa

Lép vi sinh vat

Clostridia 7,
Coriobacteria 7,

Negativicutes 7

Bacilli ¥, BacteroidiaV,
Deltaproteobacteria ,
Elusimicrobia,

Gammaproteobacteria v

Chi vi sinh vat

Allisonella 7,
Christensenellaceae 7,
Dialister 7,

Lactobacillus 7

Bacillus ¥, Prevotellay,

Ruminococcus v

1.3.3.3. Tiém ndng iing dung ciia Metagenomics
Tiém ning ung dung clia metagenomics rat 16n, nhat 1a d6i véi cac linh vuc
Khoa hoc Y sinh, Nang lugng sinh hoc, X1r Iy moéi truong, Cong ngh¢ sinh hoc, Khoa

hoc Trai dat, Khoa hoc Su séng, Nong nghi¢p va Gidm dinh vi sinh vat. Viéc kham
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pha cac quan x4 vi sinh vt & moi trudng dat, nude va sinh vat giup con ngudi hiéu
1& hon mbi quan hé giita chiing v&i nhau, giira ching véi moi trudng sdng tir d6 ing
dung trong cac linh vuc cu thé. Vi du, du doan nhitng thay d6i toan cau co thé xay
ra (Khoa hoc trai dat); phat hién thudc méi cho con ngudi gilp diéu tri va ngin ngira
bénh (Y hoc); sir dung vi sinh vat dé xu Iy 6 nhiém méi truong; phat trién nganh
cong nghiép méi, cong nghiép thuc pham (Coéng nghé sinh hoc); cai thién cac
phuong phap phat hién tic nhan gy bénh, tin dung mdi quan hé c6 loi giita vi sinh

vat va vat nudi — cdy trong (Nong nghiép) [114].
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CHUONG 2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Vit liéu
2.1.1. Héa chdt, bj kit sinh phiam

- Hoba chit dung dé tach chiét DNA va doc trinh tu la: PowerSoil® DNA
Isolation Kit (Mo Bio, M¥), QlAamp DNA Sool Mini Kit (Qiagen, Puc), RevertAid
First Strand cDNA (Thermo Fisher Scientific Inc, Singapore), TruSeqg® DNA PCR-
Free Sample Preparation Kit (Illumina, M¥), agarose (Sigma-Aldrich, M¥), ethidium
bromide (Sigma-Aldrich, My).

- Héa chat dung nudi ciy vi sinh vat: Nudc mudi sinh 1y NaCl 0,9%, hoa chat
nhudém Gram (gentitans, lugol, fucshin, glycerol), mubi mat oxgall (Sigma-Aldrich,
MY), glycocholate, taurocholate, glycodeoxycholate, taurodeoxycholate...

- Héa chat dung trong dinh danh vi khuan

bém tach: NaCl 100 mM, Tris-HCI 10 mM (pH=8), EDTA 100 mM (pH=8),
SDS 0,5% w/v; thanh phan hdn hop PCI bao gém phenol: chloroform: isopropanol
v6i ty 16 25: 24 :1; thanh phan TE: Tris-HCI 10 mM, EDTA 1 mM.

Dung dich cho dién di: Tris base: 121 g, CH3COOH: 28,6 g, EDTA 0,5M (pH 8,0)
50 mL, H20 500 mL; thanh phan gel agarose 1%: agarose 1g, dém TAE 1X 100 mL.

Thanh phan phan tng PCR: H20 8,5 pL, Master Mix 12,5 pL, moi xudi 1 pL
(10 pmol), mdi nguoc 1 puL (10 pmol), DNA khudn 2 pL (200 ng).

Céc hoa chat dung trong dinh danh vi khuan ctia hang ThermoFisher Scientific.

- Héa chét dung cho dinh luong glucagon like peptide-1

Streptozotocin va sitagliptin (Sigma-Aldrich, My), kit ELISA mua tu
RayBio® (BioAssay Systems).

2.1.2. Dung cu va thiét bi thi nghiém

Cac thiét bi va dung cu st dung trong nghién ctru gom: May Agilent
Bioanalyzer 2100 system (Aligent, M¥), may li tim Sorvall RT 1900W (Ptc); ndi
khtr trang HA-240MI1V (Hirayama, Nhat Ban); may do pH (Toledo, Btrc); may PCR
Veriti 96-Well Thermal Cycler (Applied Biosystem, My) va PCR-9700 (Applied
Biosystem, M¥); may doc trinh tu tu dong Applied Biosystems 3500 Genetic
Analyzer (Thermo Fisher Scientific, My); may doc trinh ty Illumina Hiseq 2500

(Illumina, MY¥); pipetteman cac loai (Eppendorf, Puc); mang loc polycarbonate
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membranes 0,8 va 0,22 pm (Milipore, Ireland), bé 6n nhiét WNB14 (Memmert, Dric)
va mot sé dung cu thong thudng cua phong thi nghiém.

May chii tinh toan hiéu ning cao v6i bo vi xtr Iy gdbm 24 CPU Intel(R) Xeon(R)
CPU X5650 @2.67GHz, dung luong RAM la 188GB, dung lugng luu trir 1a 8TB va
dugc cdu hinh trén hé diéu hanh Ubuntu phién ban 15.04 Vivid véi cac phan mém tin
sinh hoc va théng ké méi nhat.

May do duong huyét Accu check one touch glucometer (Johnson & Johnson,
Mumbai, An D9).
2.1.3. Cdc chiing vi sinh vit kiém dinh

Cac chung vi sinh vat Staphylococcus aureus ATCC13709 va Escherichia coli
ATCC 11105 nhan duoc tir Bo suu tap ctia phong Cong nghé vat liéu sinh hoc - Vién
Cong nghé sinh hoc - Vién Han 1am Khoa hoc va Cong nghé Viét Nam.
2.1.4. Méi trwong phdn ldp, nuéi cdy vi sinh vit

- Mbi trudng MRS nudi ciy va phan lap vi khuan lactic: Peptone (10 g/L), cao
thit (10 g/L), cao nam men (4 g/L), glucose (20 g/L), CHsCOONa (5 g/L), tween 80
(1 mL/L), KoHPO4 (2 g/L), triamonium citrate (2 g/L), MgS0..7H>0 (0,2 g/L),
MnSO4 (0,05 g/L). Piéu chinh pH bang dung dich NaOH hozc HCI ity theo dung dich
sau khi pha c6 nong d6 pH twong tng thip hay cao hon hon 6.2. V&i méi trudng thach
b6 sung thém agar ndng do tir 1-2% (10-20 g trong 1 lit mdi truong).

- Méi truong LB (g/1) nudi vi khuan kiém dinh (E. coli va S. aureus): Pepton
5 g/L, cao nam men 5 g/L, NaCl 3 g/L, agar 2%, nu6c cat 1 L, pH 6,5 — 7.
2.1.5. Trinh tw cdp moi

Mot sé doan mdi quan trong trong cac nghién ctru sinh hoc phén tir duoc dit
mua tai Cong ty Sinh hoa Phu Sa (Cﬁn Tho, Viét Nam) co trinh tu cu thé duoc liét ké
trong Bang 2.1.

Bang 2.1. Trinh tg mot s6 doan moi str dung trong ludn an

Kich thuédc san pham

Mobi Trinh tw

PCR
341F |5-CCTAYGGGRBGCASCAG-3’ ~ 460 bp, viing V3-V4
806R | 5°-GGACTACNNGGGTATCTAAT-3’ [115]

27F 5’-AGAGTTTGATCCTGGCTCAG-3’ N
~ 1500 bp, toan bo gen
1492R | 5’-GGTTACCTTGTTACGACTT-3’ 16S [115]
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2.2. Phuong phap nghién ctru
2.2.1. Phwong phadp lwa chon ngwoi tham gia nghién ciru

Nguoi méc bénh tiéu dudng type 2: Bénh nhan dugce chon tham gia trong
nghién ctru nay 1 nhitng ngudi méic bénh tiéu duong type 2 tinh tir ndm 2012 trd vé
trudc (43 mic bénh it nhat 1a 5 ndm), c¢6 chi sé glucose mau ting cao dugc xac dinh
bang xét nghiém dung nap glucose duong udng lac d6i (OGTT); cac chi sb
cholesterol, Low Density Lipoprotein Cholesterol (LDL-C), High  Density
Lipoprotein Cholesterol (HDL-C), Triglyceride, AST, ALT nam ngoai khoang gia tri
thong thuong va co chi s6 khdi co thé 1én hon 30.

Nhom ddi ching (ngudi khong tiéu dudng): Nguoi khong tiéu duong tham gia
trong nghién ciru nay cé chi sé glucose mau, cholesterol, Low Density Lipoprotein
Cholesterol (LDL-C), High Density Lipoprotein Cholesterol (HDL-C), Triglyceride,
AST va ALT nam trong khoang gi tri thong thuong, chi s6 khéi co thé nho hon 23.
2.2.2. Phwong phdp thu thdp méu phén

Céc mau phan ctia bénh nhén tiéu duong type 2 (nit, tir D1-D7; nam, tir D§-
D10) va nhom dbi ching (ni, tir C1-C7; nam, tir C8-C10) cung véi sb liéu vé chi s6
glucose mau, cholesterol tong s6, HDL-cholesterol, LDL-cholesterol, triglycerid,
AST, ALT va chi s6 khdi co thé (BMI) dugc cung cip bai Khoa Xét nghiém, Bénh
vién Giao thong van tai Trung wong (Bang 2.2). Mau phan tir nhirng nguoi khong
tiéu duong va nhitng nguoi mac bénh tiéu dudng type 2 song ¢ khu vuc Ha Noi trén
5 nam, nhiing ngudi tinh nguyén tham gia nghién ctru ty thu thap mau phan va dé

trong hop vo tring. Mau sau dé duoc giir lanh & 4°C va chuyén ngay dén phong thi

nghiém dé phan tich.
Bdng 2.2. Ky hiéu mau, tu6i, BMI va glucose cua cac nhém nghién ciru
Tiéu duong type 2 Poi chirng

i BMI Glucose ; BMI Glucose

ID Tubi ID Tu6i
(kg/m?) | (mmol/L) (kg/m?) | (mmol/L)

D1 70 32,46 7,34 Cl 58 22,43 5,33
D2 71 30,11 6,84 C2 51 19,65 5,08
D3 66 30,84 16,96 C3 54 22,43 4,96
D4 52 31,63 7,8 C4 63 18,73 5,79
D5 55 30,73 10,69 C5 60 19,97 5
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D6 59 30,04 5,66 C6 59 22,26 5,28
D7 69 32,04 10,19 C7 44 18,06 4,93
D8 75 31,16 6,7 C8 39 19,53 4,54
D9 70 32,03 7,08 C9 52 21,82 5,27
D10 62 32,03 7,97 C10 47 22,49 4,55

2.2.3. Phwong phdp tich chiét DNA vi sinh vit tir mdu phén

Qua trinh tach chiét va tinh sach DNA metagenome tr hé vi sinh vat & cac mau
phan nghién ctru duoc tién hanh nhu sau: Khoang 200 mg phan s& duoc chuyén vao
ong Zirco - prep loai nho trong d6 c6 chtra cac hat giup nghién nat mau trudc khi
dung dich tach chiét ADN duogc thém vao. DNA téng s6 duoc tach béng bo kit
QIAamp DNA Stool Mini Kit (Qiagen, Dirc) theo huéng din ctia nha san xuét. Do
tinh sach va nff)ng d6 DNA sau khi tach duoc kiém tra bﬁng dién di trén agarose 1%
va dinh luong bang may Nanodrop lite (Thermo Fisher Scientific, My).
2.2.4. Phwong phap gidi va phan tich trinh tw DNA vang V3-V4 gen 16S rRNA
2.2.4.1. Gidi trinh tw DNA gen 16S rRNA tir DNA metagenome

Qua trinh giai trinh tu trén hé théng may giai trinh ty thé hé méi lllumina

HiSeq bao gdm cac budc duoc md ta nhu hinh 2.1.

Dénh gia chat Panh gia chat Panh gia chat

luong mau luong thu vién luong dir licu
Mau Tao Giai Phan
DNA thu trinh tu tich tin

Hinh 2.1. So d6 quy trinh giai trinh tw DNA metagenome

Sau khi tach dugc DNA tong s6, cac mau DNA nay duogc sir dung lam khuén
dé giai trinh tu gen 16S rRNA. Ving V3-V4 gen 16S rRNA duoc khuéch dai bang
cap moi dic hidu, mdi xudi 341F va mdi nguoc 806R c6 gin 6 nucleotide & dau 5’
cho phép phan tich cdc miu dong thoi. Sau d6, san pham PCR dugc giri cho cong ty
First Base (Malaysia) dé doc trinh ty. Thu vién gidi trinh ty duoc chuan bi bé“mg bo
kit TruSeq® DNA PCR-Free Sample Preparation (Illumina, M¥) theo huéng dan cta
nha san xuit. Chat luong thu vién duoc danh gia bang may Agilent Bioanalyzer 2100
system (Agilent, M¥). Sau do, thu vién dugc giai trinh tu trén may Illumina HiSeq

2500 (Illumina, M¥) dé tao ra cac doan doc paired-end 250 bp.
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2.2.4.2. Phan tich dir liéu giadi trinh ty DNA metagenome

- Xt 1y trinh tu

Céc doan doc trinh ty paired-end trén may [llumina HiSeq 2500 c¢6 kich thudc
khoang 250 bp. Cac doan nay duoc sip xép twong tmg voi cac miu dua trén trinh ti
barcode gan voi moi. Sau d6 duoc ghép lai voi nhau bang phan mém FLASH phién
ban 1.2.7 [116] dya trén mirc d0 tuong dff)ng trinh tu cua hai doan doc. Cac trinh tu
don sau d6 duoc loc dé lua chon céc trinh tu c6 chat luong tdt dua trén cac thong sb
mic dinh bang phan mém QIIME phién ban 1.7.0 [117]. Pay la cong cu mi ngudn
m¢ dugc 1ap trinh chuyén dung cho nghién ctru sy da dang cia hé vi sinh vat thong

qua phan tich trinh tu bén trong hodc gitra cac vung gen 16S rRNA (Hinh 2.2).

Dir liéu tho dau vao

!

Lap rap cac doan pair-end,
loc dit liéu

v

Phan loai OTU

. 1

. Alphadiversity Pa dang vi sinh vt Beta diversity
Céc chi s6 ACE, Chaol, . y Phan tich chi s6 da
Shannon, Simpson 86 luong loai dang
Tuong quan Chaol, Cay quan h¢ di
ACE va OTU Phén tich d6 da dang truyén
Pudng cong Phan tich nhf')m co
Rarefaction Thanh phin céc trong so
L taxon SR o
Phan tich sai khac Biéu do
gilta cac nhom PCOA/NMDS

Hinh 2.2. So d6 cac budc phan tich dir liéu giai trinh tu gen 16S rRNA
- Xac dinh vi tri phan loai
Céac doan trinh tyu t6t sau d6 duoc so sanh véi co s dir liéu GOLD béng thuat

toan UCHIME dé phat hién va loai bé cac trinh tu chimeric. Dé x4c dinh vi tri phan
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loai, cac read tinh sach sau khi xir Iy dwoc phén tich bang phin mém Uparse (Uparse
v7.0.1001, http://drive5.com/uparse/) [118], sau d6 nhitng read c6 do trong dong trén
97% s& dugc nhdm vao mot don vi phan loai chirc nang (operational taxonomic unit,
OTU). Mbi OTU sé& tiép tuc duoc tham chiu v&i co so dit lieu Unite
(https://unite.ut.ee/) [118] dbi v&i nam va Silva (https://www.arbsilva.de/) [119] ddi
v6i vi khudn dé gin tén (annotate) va xac dinh vi tri.

- Phan tich da dang va hién thi hoa

Nghién ctru da dang h¢ vi sinh vat (alpha diversity) dugc thuc hién dua trén
xac dinh mot sb chi s6 co ban, trong do quan trong nhét 14 cac chi s6 Shannon,
Simpson, ACE va Chaol. Céc chi sd da dang alpha phan anh su phong phua va nhat
quan trong mot quan xa vi sinh vat; cac chi sé6 Shannon va Simpson phan anh sy da
dang (diversity) ciia OTU trong cac mau; chi s6 ACE va chi s6 Chaol phan anh su
phong phii (abundance) ctia OTU trong cic mau. Y nghia cy thé ciia cac chi s6 nay
nhu sau: Khi chi s Shannon cang 16n hodc chi s6 Simpson cang nho thi do da dang
ctia hé vi sinh vat cang cao; Chi s6 Chaol hodc ACE cang 16n thi mirc do phong pht
loai du kién cua hé vi sinh vat cang cao [120]. Shannon va Simpson 12 c4c chi s6 dung
dé xem xét sb loai va muc do dong déu cua cac loai ciing nhu kha ning xuét hién
nhirng loai doc dao, trong khi cac chi s6 ACE va Chaol dugc sir dung dé udc tinh sy
phong pht hay d6 giau udc tinh, xac dinh duwa trén phép tinh OTU du kién trong céc
mau cho tat ca cac loai vi sinh vat da biét trong mau.

Phuong phép toa do (ordination) 1a mot thudt nglr chung cho cac k¥ thuét da
bién, tom tit mot tap dir liéu da chiéu theo cach chiéu 1én mot khong gian chiéu thép,
dé tré nén 1 rang khi kiém tra truc quan. Phuong phap toa d6 dugc sir dung trong
sinh thai hoc dé mo ta mdi quan hé giita cac kiéu thanh phan loai va bién thién moi
truong co ban, str dung phd bién trong cac phan tich théng ké véi nhiing bo dir liéu
16n (big data). C6 3 phuong phap toa do co ban 13: (i) Phan tich thanh phan chinh
(Principal Component Analysis, PCA); (ii) Phan tich toa d§ chinh (Principal
Coordinate Analysis, PCoA) va (iii) Chia ti 1& da chiéu khong theo hé mét (Non-
metric Multidimensional Scaling, NMDS) [121].

Phuong phap phan tich thanh phan chinh (PCA) gitip giam s lugng 16n cac
bién co6 twong quan voi nhau thanh tap it bién sao cho cac bién méi tao ra 1a to hop

tuyén tinh ciia nhiing bién cii khong c6 tuong quan 1an nhau [122]. Dé danh gia su
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khac biét trong thanh phan cac OTU vi khuan trong hé vi sinh vat dudng rudt & ngudi
c6 ndng d6 glucose trong mau khac nhau, cac OTU vi khuin & mirc do chi duoc gin
vao ma trin PCA bang phdn mém R phién ban 2.15.3.

Phan tich toa dg chinh (PCoA) con duogc goi la ti 1€ da chiéu theo hé mét, gitp
t6i da hoa mdi twong quan tuyén tinh gitta cac khoang cach trong ma tran khoang
cach va trong mot khong gian co kich thude thap (2 hoic 3 truc dugc chon). Déi véi
cac s6 liéu khoang cach thyc, PCoA tuong duong v&i1 PCA, tuy nhién khi ma tran dir
lidu loai ton tai qua nhiéu sb 0 (zero) thi nén ap dung phan tich PCoA thay vi PCA
[121]. Vi vay, dé danh gia su khac biét trong cac mau hé vi khuan dudng rudt, cac
OTU vi khuan & mirc d6 chi da duoc gén vao ma tran PCoA thay vi PCA, st dung
phan mém R phién ban 2.15.3.

So lugng cac don vi phan loai (OTUs) c6 muc do tuong déng lan luot 97%,
95% va 90% dugc sir dung dé xay dung dudng cong rarefaction. Két qua sau khi phan
tich duoc dwa vao phan mém MEGAN 5 [123] dé so sanh mirc d6 twong dong va sai
khac giita cac hé VSV. Vé nguyén ly, rarefaction so sanh do gidu ciia cac quan xa
VSV ¢ cac mau khac nhau, va duong cong rarefaction duoc xay dung dua trén trung
binh cac ngu nhién (randomization) ctia dudng cong tich liiy quan sat dugc [124].
2.2.5. Phédn ldp chiing Lactobacillus, xac dinh dac tinh sinh hgc va dac tinh khang
khuén
2.2.5.1. Phuong phdp phén Idp va lam thuan vi khudn Lactobacillus

Phan 14p vi khuan lactic dugc thuc hién theo phuong phap cua Abbasiliasi va
cong su nam 2012 cé cai tién theo Hoa Thi Minh Ta va cong su [125]. Mdi truong MRS
agar phan lap vi khuan lactic c6 b sung 0,5% CaCOs nham phén biét vi khuan lactic voi
cac nhom vi khuan khéc va dong thoi sir dung 0,01% (w/v) sodium azide tic ché nhom
vi khuan Gram am. Mau duoc chuan bi trong dung dich nuéc mudi sinh 1y vo tring va
duoc pha lodng dén 107. M&i mot ndng d6 pha lodng (tir 10-107) duogc cay gat trén moi
truong thach MRS. Mdi mau phan 1ap duoc lap lai 3 1an va dugc nudi cdy ki khi ¢ 37°C
trong vong 48-72 gid. Vi khuan lactic dugc xac dinh boi vong tan CaCOs xung quanh
khuan lac nho sy xuét hién cua acid lactic. Xac dinh cac chung Lactobacillus di phan
1ap dua vao hinh thai té bao, hinh thai khuan lac, kiéu bit mau thudc nhuém Gram,
catalase am tinh... Nhiing khuén lac vi khuan lactic tuyén chon duogc lam sach va gilr

gidng chuan bi cho cac thi nghiém tiép theo.
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Lam thudn vi khuin bang cach cy ria trén méi trudng thach MRS cho t6i khi
quan sat thay chi c6 mot dang khuan lac duy nhét trén méi truong. Cac ching phan
l1ap dugc bao quan trong glycerol 50% ¢ - 80°C
2.2.5.2. Phuwong phap xdc dinh dac tinh sinh hoc cua Lactobacillus

- X4c dinh kha ning khang khuan: Hoat tinh khang khuan duoc phat hién bang
phuong phap khuéch tan trong méi truong thach: i) Ching nghién ctru duoc nudi &
37°C trong 14 dén 16 gio, tién hanh ly tm loai té bao va thu dich nubi cdy; ii) Ching
kiém dinh dugc nudi qua dém ¢ méi trudng long thich hop. Chuin bi méi trudng
thach dia c6 chira chung kiém dinh bang cach trang cdy 100 pL gidng chung kiém
dinh 1én trén bé mit dia moi trudng sau d6 duc 16 thach. Liy 75 pL dich ly tim &
budce (i) nhd vao céc 16 thach, gitt & 4°C trong 4 gid, 0 & 37°C khoang 24 gid. Cin ctr
vao viéc xut hién vong vo khuan dé xac dinh ching c6 hoat tinh.

- Xéc dinh kha niang chiu axit: Sau 24 gid nudi cdy cac ching vi khuan
Lactobacillus trong méi truong MRS, lay 2 6ng, mdi 6ng 2 mL dich duoc nudi cay ly
tam (10 phat ¢ tc do 5000 vong/phut) thu sinh khéi. Can té bao sau ly tim duoc hoa
lai trong 2 mL méi truong MRS. Mbi dng hoa v6i 2 mL mdi truong MRS pH 2 bang
HCI (1 éng ddi chimg, 1 dng thi nghiém). Ong dbi ching dung dé dém s6 luong tai
thoi diém 0 gid. Mau thi nghiém nudi 3 gio & pH 2. Cay gat dia va i ¢ 37°C trong 24
gid dé xac dinh s6 lugng té bao con sdng so6t & pH 2 so voi ddi chimg.

- X4c dinh kha niang chiu mubi mat: Lactobacillus dugc nudi trong méi trudng
MRS ¢ 37°C qua dém. Dung dich mudi mét duoc hoa tan sau d6 dugc vo trung béng
mang loc vi khuan. B sung 0,3% mudi mat vao moi truong MRS va MRS doi ching
s€ khong chtra mudi mat. Xac dinh kha nang chiu mudi mat béng cach: léy 4 mL dich
nudi cdy qua dém cua chung Lactobacillus, chia 1am 2 éng, mdi 6ng 2 mL ly tim (10
phut ¢ téc d6 5000 vong/phut) thu sinh khdi. Cin ly tim trong mdi éng dugc hoan
nguyén 1 6ng v6i 2 mL MRS thi nghiém va dng con lai v6i 2 mL MRS d6i ching.
Sau d6 nudi cay & 37°C trong 3 giod. SO luong té bao chung Lactobacillus sdng sot &
néng do mudi mat 0.3% sau 3 gi0 u dugc xac dinh bﬁng cach gat dia va nudi ¢ 37°C
trong 24 gid dém sb lugng té bao sdng sot CFU/mL.
2.2.5.3. Xdc dinh kha néng trc ché sinh trudng trén vi khudn gdy bénh

- Xé4c dinh kha nang trc ché vi khuan S. aureus: Lay 1 mL vi khuan S. aureus
ATCC13709 trai déu trén bé mit dia petri chtra 15 mL méi trudng thach BHI (Brain
Heart Infusion), sau d6 hut bo dich thira. Dé dia thach vao ta 4m 37°C trong 15 phit.
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Dich nuéi vi khuan Lactobacillus 24 gi¢ duoc ly tim loai bo té bao. Nho 20 pL dich
ly tdm céc chung vi khuan Lactobacillus hodc dung dich mudi sinh 1y (1am ddi ching)
thanh tirng diém riéng trén dia petri da trai vi khuan S. aureus. U cac dia petri da duoc
cdy vi khuan trong diéu kién hiéu khi voi nhiét do 37°C. Sau 48 gid nudi cdy, quan
sat hién tuong va do kich thuéc vong khang khuan quanh diém nho dich ly tdm cac
chung vi khuan Lactobacillus dé xac dinh kha ning e ché sinh truéng cua dich nu6i
d6i véi vi khuén S. aureus.

- X4c dinh kha nang trc ché vi khuan E. coli: 50 pL dich khuan E. coli ATCC
11105 (duoc nudi trong 24 gid) trai déu trén dia petri chira moi truong MRS agar va
dé kho. Nho 20 uL dich nudi cia vi khuan Lactobacillus hodc nudc mubi sinh 1y
thanh timg diém trén dia petri da trai déu E. coli. U mau ¢ 37°C trong diéu kién hiéu
khi. Sau 48 gio, quan sat hién tuong va do kich thudc vong khang khuan quanh diém
nho dich ly tAm céc chiing vi khuan Lactobacillus dé xac dinh kha ning e ché sinh
truong cta dich nudi dbi vai vi khuan E. coli.
2.2.5.4. Dinh danh loai dva trén giai trinh ty gen 16S rRNA

Phuong phép dinh danh vi khuan bang giai trinh ty gen rRNA 16S.

Cho 1,5 mL dung dich MRS nuéi vi khuin ly tam & 8000 vong/phdt trong 5
phit. DNA dugc tach chiét tir sinh khdi té bao bang b kit ciia ThermoFisher. Sau do,
DNA dugc dung 1am khuon cho PCR khuéch dai gen 16S rRNA véi cap mdi 27F va
1492R (Bang 2.1). Thanh phan PCR c¢6 thé tich 20 uL bao gom: 10 uL Master mix,
2 pL mdi xudi, 2 pL mdi nguoc, 2 uL DNA khudn va 4 uL H,0. Chu trinh nhiét cia
PCR Ia: 94°C 6 phut; 35 chu ky (94°C 30 gidy; 46°C 30 gidy; 72°C 8 ph(t). San pam
PCR sau d6 dugc dién di kiém tra trén gel agrose 1%, tinh sach bang bo kit GeneJET
PCR Purification Kit, va duoc giri doc trinh ty gen tai Phong Thi nghiém trong diém
Cong nghé gen, Vién Cong nghé sinh hoc bang may doc trinh tu tw dong Applied
Biosystem 3500 Genetic Analyzer (Thermo Fisher Scientific, M¥)

C4c trinh ty gen sau d6 phan tich bang phan mém BioEdit v.7.0.5.3 [126] va
so sanh véi cac trinh tu dd cong b trén Ngan hang gen NCBI bang cong cu BLAST.
Cay phat sinh ching loai duoc xay dung dua trén cac trinh ty gen 16S rRNA bang
phan mém Mega X voi phuong phap neighbor-joining va gia tri Bootrap 1000 [127].
2.2.6. Thir nghiém khd nding cdi thién glucagon like peptide-1 trén chuét ciia chiing
Lactobacillus
2.2.6.1. Xur ly chuot thi nghiém
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Chuét cong tring duc Wistar, trong luong khoang 180-220 g duoc cung cip
bo1 bd phan chan nuoi khoa Dugce 1y, Vién Kiém nghiém thude Trung uwong, Viét
Nam. Chudt dugc nudi nhdt 3+4 con/chudng bang nhya 16t trau, c6 nip lam bang cac
thanh innox va dugc 1am quen véi diéu kién phong nudi trong mot tuan trudc khi bat
dau thi nghiém. Phong nudi duoc duy tri véi chu ky dnh sang 14 12 gio, toi 1a 12 gio,
nhiét d6 nudi 25 + 2°C va do 4m 55 + 5%. Tat ca chudt duoc cho an, uéng theo nhu
cau véi thirc an cong thirc va uéng nuédc RO.
2.2.6.2. Khoi phat bénh tiéu dwong trén chudt

Bénh tiéu duong trén chudt duoc giy ra bang mot licu dung dich streptozotocin
(50 mg/kg thé trong) trong dung dich dém natri citrat 0,1 M v6 tring (pH = 4,5) cho
chudt da dugc nhin doi qua dém. Bénh tiéu duong dugc xac minh sau 96 gio tiém
streptozotocin, cic mau mau st dung dé kiém tra dugc léy tr tinh mach duoéi chuot
va x4c dinh nong d6 glucose bang may do dudng huyét mdi ngay mot lan cho dén khi
tinh trang gia ting dudng huyét dat duoc mot cach on dinh. Nong d6 glucose huyét
thanh 16n hon 250 mg/mL duoc coi 1a chudt bi tiéu duong.
2.2.6.3. Chudn bi va dinh lwong Lactobacillus

Chung vi khuan Lactobacillus nuéi trong dich MRS va dugc 0 & 37°C trong
hé théng ky khi Mark IT (Anaero Gas Pack, LE002. HiMedia, India) 48 gio. Sau thoi
gian 4, 1 mL dung dich nudi cay dugc pha lodng lién tiép trong nudc cét vo tring.
100 pL huyén phu pha lodng & nong do cudi cing dugc cay vao dia thach MRS va
sau d6 kiém tra khuén lac trén mdi dia. Pia nay duogc sir dung dé chuan bj liéu lugng
cho dong vat. Nong d6 cua dung dich pha lodng cudi cung 1a 107 CFU/mL. Liéu
Lactobacillus duoc chuan bi méi hang ngay va duoc dung cho dong vét diéu tri trong
4 tuan.
2.2.6.4. Thiét ké thi nghiém

Chudt dugc chia thanh bén nhom thi nghiém, mdi nhém 6 con (n = 6).
Bdang 2.3. Cac nhom chudt tham gia thir nghiém

Nhom Poi twong Liéu dung hang ngay
Nhom 1 | Chu6t khoe manh Ubng nuée RO
Nhom 2 | Chuét bi tiéu dudng Udng nuée RO

Nhom 3 | Chuoét tiéu dudng cho dung Lactobacillus | 107 CFU/mL

Nhom 4 | Chuét tieu duong diéu tri voi Liraglutide | 150 pg/kg thé trong

Thudc va liéu vi khuan duoc dung qua dudng udng bang kim bom ngay mot
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lan, lién tuc trong 4 tuan.
2.2.6.5. Kiém tra khd ndang dung nap dwong sucrose

Chu6t dugc nhin dn qua dém va st dung duong sucrose (2 g/kg thé trong) bang
duong udng, luong dudng dugc hoa tan trong 1 mL nude cat. Cac mau mau duoc lay
tor tinh mach du6i & 0, 30, 60, 90 va 120 phut sau khi uéng sucrose, xac dinh murc
duong huyét bang may do duong huyét.
2.2.6.6. Po GLP-1 trong huyét thanh

Vao ngay thir 28, nhitng con chudt cho sir dung duong sucrose & trén dugc lay
mau mau & 0, 20, 30, 40, 50 va 60 phut tir tinh mach dudi. Mau méu duoc thu thap
vao cac 6ng gitt lanh c¢6 chita EDTA va chat (rc ché DPP-4 (sitagliptin) dé phan tich
GLP-1 trong huyét thanh. Viéc dinh lugng GLP-1 thyc hién bang bo kit ELISA chudt
(B6 xét nghiém mién dich men RayBio® chudt GLP-1) sir dung may doc dia da ning
Varioskan LUX. Sau khi ldy mau tir tinh mach dudi, nhitng con chudt dugc gy mé
nhe bang ether va thu nhdn méu tir tim. Huyét thanh chudt duoc phan 14p bang cach
ly tam mau mau 3000 vong/phut trong 5 phut & 4°C va bao quan -80°C.
2.2.7. Théng ké phén tich so liéu

Céc s6 liéu thong ké duoc xir Iy bang phan mém Microsoft Excel theo phuong
phép t-test va IBM SPSS Statistics 22 véi gia tri p < 0,05 dugc xem 1a cé y nghia
thong ké.



48
CHUONG 3. KET QUA VA THAO LUAN

3.1. Panh gia sw sai khac khu hé vi khuin dwong rudt ciia cac doi twong nghién
ciru
3.1.1. Két qua tich DNA metagenome Vi khudn dwong rudt

Bo KIT DNA QIAamp cung cap kit tinh sach (dya vao mang silic - v&i su ¢6
mit cua cac chit (e ché PCR) 1én dén 30 ug DNA tir miu phan cta cac d6i tuong
nghién ciru. Hoat dong két hop ciia InhibitEX, mot loai nhua hdp phu duy nhat, véi

dung dich dém t6i wu 1am loai bo chat e ché PCR.

A B
Hinh 3.1. Hinh 4nh dién di metagenomic DNA tich tir mau phan ctia nhém ngudi

bénh tiéu dudng type 2 (A), nhém dbi chimg (B)
Chd thich: 1 dén 10: bénh nhan tiéu duong type 2; 11 dén 20: dbi chung;
Giéng M: Thang DNA chuan 1Kkb.

Thong thudng DNA duoc phéan 1ap tir phan s& chira mot luong dang ké céac
chét tc ché, nhu phenolic va polysaccharide, 14 nhitng chat ma c6 thé ngin can su
khuéch dai DNA trong phan ing PCR. Trong nhiéu trudng hop, viéc pha lodng DNA
tinh sach 1 rat can thiét dé dat dugc két qua PCR nhu mong mubn. St dung bd KIT
QIAamp DNA Stool Mini, DNA cua vi khuan tir cac mau phan ngudi cua cac d6i
tugng nghién ciru da dugc tach chiét thanh cong va du tiéu chuan doc Next-
generation sequencing (NGS).

DNA tong sd ctia 20 mau phén cua cac dbi tuong nghién ciru duoc trinh bay
trén Hinh 3.1. Két qua thu duogc cho thiy, anh dién di DNA cta cac mau déu rd nét,
thé hién chat luong va ham lugng DNA tong s6 kha tét. Két qua nay ching to viéc
tach chiét DNA tong sb di thanh cong. Toan bd san pham thu dugc, duoc luu trit &

nhiét d6 -20°C dé phuc vu cho nghién ctru tiép theo.
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Trude khi giai trinh tu thé hé méi (NGS), do tinh sach cia DNA tong s6 duoc
xéc dinh bang may Nanodrop lite thong qua ty 18 d6 hap thu tai cac budc song 260/280
nm. Két qua kiém tra do tinh sach duoc thé hién & Bang 3.1.

Bdng 3.1. Két qua do ndng do va do tinh sach cua cac mau DNA

TT | Loai mu Néng d6 (ng/uL) Dg tinh sach (OD 260/280)
1 D1 329,9 1,89
2 D2 203.8 1,99
3 D3 91,8 1,78
4 D4 286,8 1,9
5 D5 124,5 1,77
6 D6 77,5 2,06
7 D7 648,8 1,9
8 D8 4289 1,96
9 D9 97,5 1,89
10 D10 380,9 1,86
11 C1 302 1,97
12 C2 890,2 1,9
13 C3 677,8 1,94
14 C4 101 1,81
15 C5 4549 1,88
16 C6 310,6 2,0
17 C7 4279 1,93
18 C8 214,3 1,95
19 C9 152,2 1,86

20 C10 256,6 1,79

Két qua Bang 3.1 cho théy, DNA cua cac mau duoc tach chiét véi ham lugng
cao. Do tinh sach cua cac mau déu rat tot, nam trong khoang tir 1,77-2,06. Két qua
trén ching t6 DNA duoc tach chiét c6 ham luong va chit luong tot, cac miu DNA
dat tiéu chuan cho giai trinh ty gen thé hé méi trén hé may Illumina
3.1.2. Chi s6 da dang khu hé vi khuin dwong rugt
3.1.2.1. Két qud phan tich da dang khu hé vi khudn dwong ruét & nhém nik gidi

- Két qua tinh toan céc chi s6 da dang sinh hoc
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Hé vi khuan duong rudt co lién quan dén trao d6i chét va bénh tat & nguoi. Vai
trd quan trong ctia hé vi khuan duong rudt khong chi thé hién mdi quan hé chit ché
giira su da dang cua ching véi bénh tit ciia con ngudi, ma con véi tinh bén virng cia
chinh hé vi khuan trong dudng tiéu hoa. Nghién ciru hé vi khuan & mic quan xi sé
gitip chiing ta hiéu dwgc phan nao co ché bénh tit & nguodi. Khong chi vay, viéc danh
gia su thay d6i hé vi khuan mot cach dinh tinh va dinh lugng s& 1a thude do cho cac
thay d6i ngan han va dai han d6i vé6i trao doi chit ¢ rudt gia. Nhu vy, dé phan tich
su thay d6i hé vi khuan duong rudt mot cach toan dién can xé4c dinh tinh da dang,
chtrc nang ctia mot s loai va sy twong tac gitra cac loai trong hé vi khuan do.

Pbi v6i vi khuan (bacteria) va vi khudn co (archaea), gen 16S rRNA ma hoa
tiéu phan nho cua ribosome duoc coi 13 marker phan loai hoc phd bién. Gen rRNA
16S chtra cac khu vuc c6 tinh bao thu cao, trong d6 viing V3 V4 duoc coi la doan dac
trung nhat va pho bién nhét trong phan tich metagenome. Sau khi khuéch dai bang
PCR, s luong ban sao tir cic mau DNA téng s6 dat duoc t6i hang triéu ban sao
(khuéch dai) cua ving DNA dich. Cac doan khuéch dai (amplicons) c6 chiéu dai
trung binh 415 dén 423 bp dugc x4c dinh trinh ty NGS 13 co s& dé phén tich va tim
kiém cac OTU lién quan dén khu hé vi khudn cta mau nghién ctru, bao gém cac
bacteria va archaea.

Thanh phan hé vi khuan duong rudt dua trén cac OTU trong phan cua 2 nhom
ngudi nghién ctru (07 nguoi mic bénh tiéu dudng type 2 va 07 nguoi khong méc bénh
tiéu duong) dugc phan tich bang phan mém Uparse, co s dit liéu Unite va thuat toan
Blast, két hop phan mém QIIME.

Céc loai vi khuan khac nhau thi qua trinh trao doi chat cling khac nhau, thong
thuong céc loi khuan sé tac dong tich cuc dén strc khoe cua con nguoi. Dé hiéu 1
hon mbi lién quan giita hé vi khuan duong rudt va bénh tiéu duong, ching toi tap
trung nghién ctru 1am rd su khac biét vé hé vi khuan gitra nhom khong méc bénh tiéu
duong va nhom méc bénh tiéu dudng type 2 & ciu triic quan x4 vi khuan dua trén cac
phan tich metagenome 16S rDNA.

Dir lidu giai trinh tu metagenome amplicons ctia cac mau phan thu thap tir cac
vung dac hiéu V3 V4 cua trinh tu 16S rDNA dugc mo ta cu thé trong Bang 3.2. Sau

khi xtr 1y s6 liéu trinh ty tho, chiing t6i thu duoc tong 1.627.646 trinh tr & 14 miu.
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S6 luong trinh tu thay d6i trong khoang 34.411-134.397, gié tri trung binh 1 116.260
(do Ieéch chuan SD 25.494). Cac dir liéu trong bang dugc xac dinh sau khi da loai bo
cAc trinh ty chimera, trinh tu mdi va adaptor.
Bang 3.2. Két qua cac thong sb giai trinh ty va cac chi sé da dang tir cic mau cia

nhém nir gidi

i Do dai i Good’s
TT T%n 50 lrgng trung binh 50 Chaol | ACE |coverage
mau trinh ty () OTU
1 C1 34411 416 292 | 314.077| 319.34 0.997
2 C2 120516 417 367 464.5 458.5 0.994
3 C3 106163 416 279 | 365.719 | 356.106 0.995
4 C4 127451 415 364 [ 418.412 | 423.737 0.995
5 C5 128711 417 289 | 349.06 |388.043 0.995
6 C6 134182 416 204 | 237.476 | 234.975 0.997
7 C7 113669 417 221 | 257.033 | 263.982 0.997
8 D1 128305 423 246 363.04 | 334.885 0.995
9 D2 121968 418 208 | 271.143 | 258.629 0.996
10 D3 102246 416 175 | 242.562 | 228.098 0.997
11 D4 132071 422 180 234.05 234.1 0.997
12 D5 119757 420 229 | 292.033 | 292.439 0.996
13 D6 134397 417 177 [210.115 | 217.246 0.997
14 D7 123799 418 287 352 | 345.564 0.995

Trong tong sb 1.627.646 trinh ty c6 do tin cay cao, 99,9378% thudc vi khuan
(Bacteria) va 0,0602 thudc vi khuan c6 (Archaea). Phan con lai chiém 0,002% la di
liéu thudc cac nhom vi sinh vat khac (Others). Hai nhom mau doc trinh tu bao gém
mAu phan cia nhitng nguoi khong mac bénh tiéu duong (tir C1-C7) va mau phan cua
nhirng ngudi bi bénh tiéu dudng type 2 (tir D1-D7). Két qua cho thiy, sb lvong OTU
ctia mau d6i chimg tir 204-367, trung binh 1a 288 (d6 1éch chuan SD 62,796) va &
mAu méc bénh tiéu dudng type 2 tir 175-287, trung binh 1a 214 (d6 léch chuan SD
42,146). Két qua nay cho thdy mau d6i chimg c6 s6 lugng OTU phong pht hon. Chi

s0 Good coverage ¢ cac mau déu > 0,994 cho thay cac OTU ¢ cadc mau déu dai dién
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cho céc loai c6 trong mau.
Céc trinh ty dugc sap xép vao don vi phan loai (OUT) véi 97% tuong dong.
Két qua cho thay, s6 luong OTU & cac mau phan ciia nhém nit gidi khong méc bénh
tiéu dudng va nhom mic bénh tiéu duong 1an luot 1a 540, 478. Biéu d6 Venn trén
Hinh 3.2 mé ta sy chia s¢ OTU giita mau phan cta nhém nit giéi khéng mic bénh
tiéu dudng va mau phan ctia nhoém nit gidi mac bénh tiéu duong. Tir biéu d6 cho thay,

2 mau chia sé nhau 424 OTU.

116 424 54

Hinh 3.2. Biéu d6 Venn mo ta su chia sé cac OTU chung gitra mau phan ctia nhém
nit giéi khong mic bénh tiéu duong va nhém nir giéi mic bénh tiéu dudng

Gia tr1 udc lugng s6 loai con duge thé hién béi cac gia tri ACE va Chaol. Két
qua phan tich alpha diversity cho thiy gi4 tri ACE va Chaol cta cac miu ty 18 thuan
v6i gia tri OTUs (P < 0,01) (Hinh 3.3). T4t ca cac mau déu co gia tri ACE va Chaol
cao hon gia tri OTUs, diéu ndy c6 nghia néu sé lugng cac trinh tir ting 1én thi sb
luong céac loai dugce du doan sé ting 1én. Phan tich alpha diversity ciling chi ra rang
su khac nhau vé gia tri Shannon va Simpson 13 dang ké. Gia trj cao nhat cia Shannon
va Simpson tlr phan ctia nhom dbi chimg (6,419 va 0,977 twong tmg), gia tri thap nhat
(4,819 va 0,874 twong ung). Trong khi d6, gia tri Shannon va Simpson cao nhat tir
phan ctia nhom tiéu dudng type 2 (5,193 va 0,936 tuong tng), gia tri thap nhat (3,495
va 0,758 tuong Ung).
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Hinh 3.3. A. Tuong quan gitra Chao 1 va OTUs ¢ nhom nir gidi. B. Twong quan
gitta ACE va OTUs ¢ nhom nir gioi.
- Két qua phan tich so sanh céc chi sé da dang sinh hoc
Két qua phan tich rarefaction (Hinh 3.4) cho thay, 46 phu dit liéu ctua cac OTU
vi sinh vét chua du. Hé vi sinh vat & nhom bi bénh tiéu dudng type 2 c6 xu huéng
kém da dang hon nhom ddi chung.
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Hinh 3.4. A. Rarefaction ctia cac OTU vi sinh vat quan sat dugc ciia nhom nit gidi
khong mic bénh tiéu duong. B. Rarefaction ctia cac OTU vi sinh vét quan sat dugc
clia nhom nir giéi méac bénh tiéu duong type 2.
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Hinh 3.5. Két qua phan tich toa d6 chinh (PCoA) & cac mau phan cia nit gidi mic

bénh tiéu dudng type 2 va nit gidi khong mac bénh tiéu dudng
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Ch thich: Cham tron do 1a mAu cta nhom nit gidi khéng méc bénh tiéu dudng;

cham den vudng 1a mau ciia nhém nir gidi mic bénh tiéu duong type 2

Phén tich thanh phan chinh (Principal coordinate analysis - PCoA) & Hinh 3.5
cho thay, thanh phan vi khuan trong phin ctia nhém bi bénh tiéu dudng type 2 (hinh
vudng mau den) va nhom dbi ching (hinh tron mau d6) c6 xu hudng phan thanh cac
nhom khac nhau. Noi cach khac, ¢ su khac biét cac quén thé vi sinh vat tir nhém bi
bénh tiéu dudng type 2 (diabetes group) va nhom ddi chimg (control). Két qua nay
cho thay hé vi sinh vét duong rudt ciia nhoém ddi ching c6 sy twong dong cao hon so
v6i nhom bi bénh tiéu duong type 2. Piéu nay ching to su can bang da dang hé vi
sinh vat duong rudt dong vai tro quan trong trong ti€u hoa va khoe manh cua con
nguodi. Do d6, ¢ thé thay su can bang nay thudng ton tai & ngudi khong tiéu dudng
va bi pha v& su 6n dinh & nhém mac bénh tiéu duong type 2.
3.1.2.2. Két qua phan tich da dang khu hé Vi khudn dwong rudt ¢ nhém nam gidi

- Két qua tinh toan céc chi s6 da dang sinh hoc

Bang 3.3. Két qua cac thong sb giai trinh ty va cac chi s da dang tir cic mau phan

nam gidi

. . Do dai . Good’s

Tén So luwgng . So
TT . trung binh Chaol | ACE | coverage

mau trinh tw OoTu

(nt)

1 C8 23.932 417 168 189 [179.104 0.998
2 C9 126.976 417 274 | 337,405 | 344.505 0.995
3 C10 130.945 419 210 | 274,565 | 256.805 0.996
4 D8 31.369 413 195 | 211,24 | 215.594 0.998
5 D9 125.250 420 224 | 275,042 | 262.724 0.996
6 D10 121.284 417 337 | 402,029 | 385.982 0.995

Két qua phan tich trinh ty cho théy: téng $6 559.756 trinh tu ¢6 do tin cay cao,
99,9883% thudc vi khudn (Bacteria) va phan con lai chiém 0,0117% thudc vé khuan
co (Archaea). Sau tap mau doc trinh ty bao gdm 3 miu phén ciia nam gi¢i mac bénh
tiéu duong type 2 (D8, D9, D10) chira 1an luot 31.369, 125.250, 121.284 trinh tu va
3 mau phan cta nam giéi khong tiéu duong (C8, C9, C10) chtra lan lugt 23.932,
126.976, 130.945 trinh tr (Bang 3.3). Chi s6 Good coverage & cac mau déu > 0,995

cho thdy cac OTU ¢ cadc mau déu dai di¢n cho céac loai ¢6 trong mau.
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Biéu d6 Venn & Hinh 3.6 m6 ta su chia sé OTU gitta mau phan ctia nhém nam
gi61 khong mac bénh tiéu duong va nhdm nam gigi mac bénh tiéu duong. Tur bicu do

cho thiy, 2 nhém mau chia sé nhau 422 OTU.

Hinh 3.6. Biéu d5 Venn mo ta su chia sé cac OTU chung giita miu phan ctiia nhém

nir gié1 khong mac bénh tiéu duong va nhdém nit gidi mac bénh tiéu duong
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Chaot ACE
Hinh 3.7. A. Tuong quan gitra Chaol va OTUs ¢ nhém nam gidi. B. Tuong quan
gitta ACE va OTUs ¢ nhom nam gioi
Gia tri u6c luong sé lugng loai con duoc thé hién bai gia tri Chaol va ACE.
Két quéa phan tich alpha diversity cho thiy gia tri Chaol va ACE cua cac mau ty 1&
thuan véi gia tri OTUs (P = 0,001 va P = 0.878 twong ung) (Hinh 3.7). Trong tit ca
cac mAu, gia tri Chaol va ACE luédn cao hon gia tri OTUs, diéu nay c6 nghia néu sb

lwong cac trinh tu ting 1én thi sé luong cac loai duge du doan sé ting 1én. Két qua
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trong phan tich alpha diversity ciing chi ra ring sy khac nhau vé gia tri Shannon va
Simpson 1a dang ké. Gia tri cao nhat ctia Shannon va Simpson tir phan ctia nhém ddi
chtng (5,782 va 0,947 tuong Gmg), gia tri thip nhat (4,093 va 0,837 trong Gmg). Trong
khi d6, gia tri Shannon va Simpson cao nhat tir phan cta nhom tiéu dudng type 2
(5,428 va 0,948 tuong ng), gia tri thap nhat (3,879 va 0,852 twong tng).

- Két qua phan tich so sanh cac chi sé da dang sinh hoc

Két qua phan tich rarefaction (Hinh 3.8) cho thiy cac duong cong chua dat
dén trang thai bio hoa trong cac mau nghién ciru nén sy phong phu cua vi khuan chua
duoc xac dinh dﬁy du. HE vi sinh vat & nhom nam gidi méc bénh tiéu duodng type 2
¢6 xu huéng da dang hon nhém d6i chimg.
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Hinh 3.8. Rarefaction ctia cac OTU vi sinh vat quan sat dugc ciia nhém nam gidi

- Phan tich thanh phan chinh (Principal coordinate analysis - PCoA) duya trén
c4c chi s6 da dang sinh hoc (Hinh 3.9) cho thiy, thanh phan vi khuan trong phéan cua
nhom nam giéi mic bénh tiéu duong (hinh vuéng mau den) va nhom déi ching (hinh
tron mau do) c6 xu hudng phan thanh cdc nhom khac nhau. Noi cach khace, c6 su khac
biét cac quan thé vi sinh vat tir nhém nam giéi mic bénh tiéu dudng type 2 (diabetes
group) va nhém dbi ching (control). Nhém dbi chiing c6 su twong dong cao hon so
v6i nhom bi bénh tiéu dudng type 2. Su can bang vi sinh vat thuong ton tai ¢ ngudi

khong tiéu duong va bi pha v& su 6n dinh & nhém méc bénh tiéu dudng type 2.
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Hinh 3.9. Két qua phén tich toa d6 chinh (PCoA) ¢ cac mau phan cua nam gidi
Cha thich: Cham tron d6 1a mau ctia nam gii khong mac bénh tiéu duong; cham
den vudng 1a miu cta nam giGi mac bénh tiéu duong type 2

3.1.3. Thanh phin lodi vi khuin

Gidi tinh 12 mot trong nhitng yéu t6 quan trong anh hudng dén khu hé vi khuan
duong rudt, nhung méi lién quan vin chwa duoc nghién ctru dy du. Két qua nghién
ctru nam 2006 dugc thyc hién boi bon trung tam ¢ Phap, Puc, Y va Thuy Dién cho
thiy, & nam gi6i, chi vi khuin Bacteroides - Prevotella cao hon ¢ nit [128]. Tuy
nhién, véi nghién ctru ndm 2005 trén 91 nguoi Bic Au tir Phap, Ban Mach, Dtc, Ha
Lan va Vuong qudc Anh, lai cho thdy khong c6 su khac biét dang ké trong thanh
phan chinh ctia khu hé vi khuan dudng rudt giita nam va nir [129]. Trong mot bao
c4o khac nam 2008, nghién ciru vé nhom Bacteroides spp trong mot gia dinh Trung
Qudc cho théy, sé luong Bacteroides thetaiotaomicron & nam gigi phong phti hon ¢
nir gi6i [130]. Mic du cac két qua nghién cru 1a khong nhét quan, nhung nhu vay co
thé thay, gidi tinh c6 thé mang dén sy khac biét vé thanh phan loai khu hé vi khuan
duong rudt. Chinh vi vay, ching t6i phan tich két qua theo 2 gidi riéng biét.
3.1.3.1. Két quad phan tich thanh phan lodi ¢ nhém nit giGi

Trong nhitng ndm gan ddy, nhiéu nghién ctru di tip trung vao viéc tim ra moi

lién quan giita thanh phan hé vi sinh vat dudng rudt voi bénh tiéu duong [131], [132],
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[133]. Két qua phan tich cta chiing t6i cho thdy, s lwong trinh tw doc cua hai nhém
gdém 13 nganh chinh. Cac OTU vi khuan tip trung ¢ bén nganh va chiém > 98,56%
tong s6 OTU xac dinh duoc, d6 1a Bacteroidetes (30,42%-73,58%), Firmicutes
(11,25%-49,58%), Proteobacteria (2,97%-27,05%) va Fusobacteria (0%-38,49%).
Bdng 3.4. Ty 1¢ trung binh mot s6 nganh vi sinh vat trong phan ctia nhém nir gidi

tiéu duong type 2 va nhom nir giéi khong tiéu duong

Ty 1€ trung binh (%)
TT | Nganh vi sinh vat Nhém nir Nhém nir Chi s6 p
khong tiéu dwong | tiéu dwong type 2
1 Bacteroidetes 50.636 53.623 | 0.613
2 Firmicutes 40.595 26.778 | 0.021
4 Proteobacteria 7.121 10.580 | 0.305
3 Fusobacteria 0.208 8.786 | 0.137
5 Cyanobacteria 0.346 0.017 | 0.316
6 Tenericutes 0.530 0.038 | 0.161
7 Actinobacteria 0.212 0.124 | 0.131
8 Verrucomicrobia 0.094 0.020 | 0.201
9 Euryarchaeota 0.119 0.001 | 0.144
10 | Lentisphaerae 0.060 0.007 | 0.078
11 | Synergistetes 0.017 0.001 | 0.042
12 | TM7 0.001 0.000 | 0.337
13 | Others 0.061 0.024 | 0.047

Thong thuong, hé vi sinh vat duong rudt cia con ngudi dugce chia thanh nhiéu
nganh (phyla) khac nhau, trong d6 c6 mot s6 nganh chinh, chiém wu thé véi ti 1¢ vuot
troi va nhitng nganh chinh nay c6 thé khac nhau gitra cac dan toc. Nhimng nghién ciru
d6i voi nguoi Y cho thay, 4 nganh chinh trong hé vi sinh dudng rudt cia ho thuong
la Bacteriodetes, Firmicutes, Proteobacteria va Actinobacteria véi ti 1& 1an luot 1a
45,42%, 37,45%, 7,05% va 1,01% [134]. Trong khi d6 & ngudi Dan Mach, 5 nganh
chinh trong d6 Firmicutes va Bacteroidetes chiém dén 90%, con lai Proteobacteria,
Actinobacteria va Verrumicrobia chiém khoang 1-4% mdi loai [62]. Nghién ctru ddi
v6i ngudi Trung qudc, 3 nganh chiém wu thé nhat d6 1a Firmicutes, Bacteroidetes va

Proteobacteria véi ty 16 1a 49,08%, 42,06% va 5,39% twong tmg [130]. Vi ddi twong
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nghién ctru 1 nguoi Chau Phi, 3 nganh phong phéi nhit d6 la Firmicutes,
Actinobacteria va Bacteroidetes voi ti 18 78%, 16,5% va 2,2% [135]. Nhu vy co thé
thiy, ty ddi tugng ngudi nghién ctru khac nhau s& c6 dic thu riéng vé cac nganh vi
sinh vat wu thé trong duong tiéu hoa.
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nit gidi tiéu dudng type 2 (D1-D7) va 7 nit gidi khong tiéu dudng (C1-C7)

Trong s6 cac nganh chinh, 2 nganh chiém ti 1& 16n d6 1a Bacteroidetes va
Firmicutes, dai dién cho khoang 90% vi khuan duong ruét.

Bacteroidetes 1a vi khuan ky khi Gram 4m khéng sinh bao tir, chung c6 mit &
nhiéu noi ctia duong tiéu hoa, bao gdm khoang miéng va da day, ngay ca khi co su
hién dién cua acid da day va cac enzyme tiéu hda [136]. Nganh nay c6 4
16p: Bacterodia, Flavobacteria, Sphingobacteria va Cytophagia. Chiing dong vai tro
phan huy va giai phong nang luong tir cdc phan tir hitu co khac nhau, cung cip chét
dinh dudng cho cac vi khuan khac va bao vé co thé khoi tac nhan giy hai [137].
Bacteroidetes c6 ca tac dung tich cuc 14n tiéu cuc ddi v6i vat chit. Vi khuan thudce
nhom nay c6 thé gitip ngin chin tinh trang viém, nhung chiing ciing c6 kha ning thiic

day qua trinh viém va mét sé dugc coi 1a mam bénh co hdi [138]. Trong khi d6, nganh
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Firmicutes 1 nhitng vi khuin ma da sb c6 cau tric mang té bao Gram dwong. Nganh
nay bao gom ba 16p Bacilli, Clostridia va Erysipelotrichia. Ching 1én men chat xo va
tinh bot khang, cung cp khoang 10% tong ning lugng cho co thé [139]. Tuy nhién
khi s lwong ting cao, vi khuan nay anh hudng tiéu cuc d6i véi qua trinh chuyén héa
glucose va chét béo. Do vdy, viéc tang ty 1¢ Firmicutes so v6i cac loai Bacteroidetes
¢6 lién quan dén bénh béo phi va bénh tiéu duong type 2 [140].

Khi ty I¢ Firmicutes/Bacteroidetes < 0,8 chiing t6 co thé bi roi loan vi khuan
duong rudt [139]. Trong nghién ciru ctia chiing toi, chi s6 Firmicutes/Bacteroidetes ¢
nhém nguoi tiéu dudng type 2 1a 0,49, diéu nay ching to vi khuin thudc nganh
Firmicutes giam va vi khuan thudc nganh Bacteroides ting.

Nghién ctru cho thay, sy suy giam ty 1¢ Firmicutes ¢ ngudi tiéu dudng type 2
so voi ngudi khong tiéu duong duge xem 13 mot trong nhitng dau hiéu cua ching
loan khuan. Khi so sanh mitc do phong phéi trong nganh Firmicutes cta 2 nhom,
chung t6i nhan thiy Firmicutes & nhom tiéu dudng type 2 (trung binh 26,78%) thap
hon dang ké so véi nhom ddi ching (trung binh 40,59%) véi p = 0,021. Mot trong
nhitng nghién cru du tién vé thanh phan khu hé vi khuan duong rudt ¢ nhitng ngudi
tiéu duong type 2 di dugc thuc hién boi Larsen va cong su [62]. Tuong tu nghién
ctru cua chung t6i, két qua nghién ctru cua Larsen cho thdy c6 su giam ciia nganh
Firmicutes. Tuy nhién, mot s nghién ctru khac lai c6 nhan dinh vé sy thay d6i ty 18
vi sinh vét dudng rudt & ngudi bénh tiéu duong type 2 1a do réi loan sinh hoc. Diéu
nay co thé lién quan dén su gia ting dang ké cta Firmicutes so voi Bacteroidetes (E/B
> 0,8) vi nganh vi khuan nay c6 s6 luong loai nhiéu nhat tham gia vao qua trinh lén
men dudng, 1am gia ting hap thu calo, gia ting giai phong khi va ting tinh thAm cta
hang rao biéu mé rudt. Do d6, c6 thé din dén ting can va gy viém, ddy la nhiing dic
diém thuong gip ¢ ngudi mac bénh tiéu dudng type 2 [61], [134].

Vi sinh vit thuéc nganh Bacteroidetes & mau bénh tiéu dudng trong nghién
ctru ndy 1 53,62% c6 xu hudng cao hon so véi & mau déi ching 1a 50,64. O ngudi
tiéu duong type 2 va ngudi béo phi, Bacteroidetes thuong giam di [134], din dén sy
suy giam san xuét butyrate [141], mot trong nhiing acid béo chudi ngan hd tro chirc
ning cia té bao P trong tuyén tuy sau khi dn [76]. Butyrate con gop phan diéu chinh
c4c chirc nang cua hé théng mién dich va bao vé chéng lai su xAm nhép ctia mam

bénh [142] d6ng thoi gitip kich hoat qua trinh tao glucose & rudt, gitip can bang noi
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moi [72].

bPéi voi nganh chiém wu thé thir 3, Proteobacteria, & nhom bénh tiéu duong
type 2 ¢6 xu huéng cao hon nhom khéng bi tiéu dudng (ty 1é trung binh 14 10,58% so
v6i 7,12%). Proteobacteria 1a mdt trong nhitng nganh chinh khi x4ac dinh vi khuin
ctia duong rudt. Tuy nhién, sy phong phu cia vi khuan nay c6 thé khac nhau & cac
nghién ctru. Dic biét, nhiéu loai thudc nganh Proteobacteria tré' nén phong pha &
nhimg d6i twong mac bénh tiéu duong [143], [144]. Nhirng thay d6i nay co thé dugc
giai thich d6 1a, vi khuan thudc nganh Proteobacteria va Bacteroidetes 1a nhiing vi
khuan gram am, chung c6 chua lipopolysacarit (LPS) & mang ngoai - ¢6 tac dung
kich thich phan trng viém manh va co thé biéu hién noi doc tb trong mau. Do do, khi
¢6 su ting 1én cua 2 nganh nay, lwong LPS xuat hién nhiéu trong rudt, diéu nay c6
thé giy ra phan Ung viém va 1a mot trong nhimng tac nhan lam phat trién bénh tiéu
duong [145]. Nghién ctru ciia Larsen va cong su ciing cho thay, bénh 1y tiéu duong
type 2 ¢6 lién quan dén nhitng thay doi rd rét vé thanh phan cua hé vi sinh vat dudng
rudt & cip do nganh [62].

Fusobacteria 1 vi khuan ky khi, Gram 4m, khong sinh bao tir. Vi khudn nay
bién dong khi bi tiéu dudng. Fusobacteria kich hoat cac phan ing viém cta vat chu,
lién quan viém niém mac, dén béo phi & ddi twong 16n tudi mac hoi chimg chuyén
hoa. Khi so sanh thanh phan vi sinh vat ctia nganh Fusobacteria, ti 18 trung binh vi
khuan nay ¢ nhom bénh tiéu dudng type 2 c6 xu hudng cao so voi nhom ddi ching
(8,79% so v610,21). Trong mot sb nghién ctru, Fusobacteria dugc xép sau Firmicutes,
Bacteroidetes Proteobacteria twong tu nhu phat hién ctia ching t6i [146]. Trong
nghién ctru vé vi sinh vat duong rudt ciia bénh nhan tiéu dudng type 2 & mién bic
Trung Qudc, chi Fusobacterium, thudc nganh Fusobacteria, ting 1én dang ké & bénh
nhan tiéu dudng (p = 0,019) so véi ddi chimg [147].

Trong s6 4 nganh chiém vu thé, chi duy nhét sy khac biét ciia nganh Fimicutes
1a c6 y nghia théng ké. Bén canh d6, 2 nganh con lai, nhur Synergistetes va cac vi sinh
vat khac (Others), sy khac biét giita 2 nhom nghién ctru ciing c6 y nghia théng ké véi
p lan luot 14 0.042 va 0.047.

Két qua trén cho thiy dic trung cua cac nganh vi khuan trong phan. Trong
nghién ctru nay, két qua cho thay bénh tiéu dudng loai 2 ¢6 lién quan dén nhiing thay

doi vé thanh phan cua h¢ vi sinh vat duong rudt chu yeu rd rang ¢ cap dd nganh. Su
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phong phu cua Firmicutes bi giam di dang ké, trong khi ty 1& Bacteroidetes,

Proteobacteria va Fusobacteria & nhitng nguoi mac bénh tiéu duong c6 xu hudng cao

hon so véi nhitng ngudi khéng mic bénh tiéu duong. Nhirg két qua nay tuong tu

v6i cong bd ciia Larsen va cong su [62]. Nhitng phat hién ctia ching t6i ung ho gia

thuyét rang su thay do1 v€ vi khuan duong rudt va tinh trang roi loan vi khuan co6 lién

quan dén bénh tiéu dudng type 2.

Bdng 3.5. Ty 1é trung binh mdt s6 chi vi sinh vat trong phan ctia nhom ni

gidi tiéu dudng type 2 va nhom nit gidi khong tiéu dudng

Ty 1€ trung binh (%)

TT | Chi visinh vat Nhém nir Nhém nir Chi sb p
khong tiéu dwong | tiéu dwong type 2
1 | Bacteroides 22.897 47934 | 0.010
2 | Prevotella 21.476 0.847| 0.014
3 | Oscillospira 3.901 1.136 | 0.002
4 | Ruminococcus 2.397 0.609 | 0.001
5 | Desulfovibrio 0.460 0.054 | 0.003
6 | Odoribacter 0.548 0.114 | 0.009
7 | Clostridium 0.257 0.119| 0.016
8 | Butyricimonas 0.232 0.082 | 0.007
9 | Burkholderia 0.041 0.010| 0.001
10 | Faecalibacterium 6.202 2.789 | 0.084
11 | Escherichia 0.983 4968 | 0.098
12 | Akkermansia 0.084 0.020 | 0.220
13 | Fusobacterium 0.029 2.151 | 0.312
14 | Roseburia 5.427 3.503| 0.353
15 | Lactobacillus 0.018 1.067 | 0.286
16 | Bifidobacterium 0.034 0.055| 0.510
17 | Sutterella 3.636 3.714 | 0.943
18 | Lachnospira 2.533 3.030| 0.819
19 | Dorea 0.299 0.468 | 0.330
20 | Others 17.676 12939 | 0.418
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gidi tiéu duong type 2 (D1-D7) va 7 nit gidi khong tiéu duong (C1-C7)

Khi nghién ciru thanh phan vi khuan & mirc d6 chi chung t6i thy trong tong
sO 94 chi dugc tim thay chi 9 chi c¢6 su khac biét thanh phan vi sinh vat giira 2 nhom
c6 ¥ ngia thong ké (Bang 3.5, Hinh 3.11).

Nhiéu bao céo cho thiy, cac chi Bacteroides, Faecalibacterium, Akkermansia,
Roseburia va Bifidobacterium gia ting ¢ nguoi tiéu dudng type 2, trong khi céac
chi Ruminococcus, Fusobacterium va Blautia lai giam [141].

Trong nghién ctru cia chung t6i, chi Bacteroides gia ting manh & nhém bénh
tiéu duong type 2 (gia tri trung binh 47,93% so v&i 22,9%), va su khéac biét nay c6
nghia thdng ké (p = 0,009). Trong s6 cac nghién ctru vé hé vi khudn dudng rudt cia
nguoi tiéu duong type 2, Bacteroides 1a mot trong hai dai dién thuong xuyén dugc
quan tdm nghién ctru nhat. Trong sé 8 nghién ciru dugc thyc hién, 5 nghién ctru cho
thiy, Bacteroides ting cao ¢ ngudi tiéu dudng type 2 [56], [148], [149], [150], [151]
trong khi 3 nghién ctru khac cho thay su suy giam cta vi khuan nay [152], [153]. Su
khéng nhét quan nay c6 thé duoc giai thich 1a do tac dung khang khuan cta thude

diéu trj tiéu duong metformin [154] hoidc do dic thu riéng cia mdi c4 thé khi twong
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tac voi hé vi khuan duong rudt. Nghién ctru caa He va cong su [155], [156] cho thiy
Bacteroides intestinalis va Bacteroides vulgatus d3 giam ¢ ngudi mic bénh tiéu
duong type 2 nhung Bacteroides stercoris lai ting. Khi thir nghiém trén dong vat, bd
sung Bacteroides acidifaciens [157] va Bacteroides uniformis [158] da cai thién tinh
trang khong dung nap glucose va khang insulin & chudt bi ticu duong. Nhu vay c6
thé thiy, Bacteroides c6 thé dong mét vai trd c6 loi ddi v6i qua trinh chuyén héa
glucose & nguoi tiéu duong type 2.

Pbi vai chi Prevotella, & nguoi tiéu dudng type 2 vi khuan nay giam di rd rét
(gia tri trung binh 0,85% so v&i 21,48%) voi p = 0,014. Prevotella 1a mot trong 2 chi
chiém wu thé trong nganh Bacteroidetes. Vi khuan Bacteroides thong thudng rat pho
bién, nhung khi Prevotella xuét hién thi cac vi khuan thudc chi Bacteroides s& giam
di 15 rét [28], [159]. Nghién ciru cho thay su phong pht cua Prevotella cao hon c6
lién quan dén ché d6 an kiéu giau trai cdy va rau xanh, trong khi sy phong phu
ctia Bacteroides thuong lién quan dén ché d6 4n giau chit béo va giau protein [29],
[160]. Nhu vay sy gia ting Bacteroides va giam Prevotella & nguoi tiéu duong c6 thé
do anh huodng cta ché d6 n udng. Tuy nhién, tac dung cta vi khuan nay phy thudc
vao chiing vi trong khi mot sé chiing Prevotella trong rudt cai thién qua trinh chuyén
hoa glucose thi mot sé chung khéc lai thuc ddy cac bénh nhu hoi ching chuyén hoa
va béo phi [161].

Bang 3.5 cho thay, chi Odoribacter va Clostridium giam di ¢ bénh nhén tiéu
duong. Odoribacter va Clostridium 1a vi khuan c6 tic dung cai thién bénh tiéu dudng
type 2. Nhiing rdi loan lién quan dén béo phi cta hé vi khuan duong rudt dugc dic
trung boi su gia tang sd lugng 16n cac vi khuan san xuat succinate, dong thoi véi viéc
giam luong vi khuan tiéu thy succinate nhu Odoribacter va Clostridium [162]. Két
qua nay pht hop véi nghién ctru cua ching t6i, két qua phan tich cho thay, 2 chi vi
khuan nay bi giam di ¢ ngudi bénh tiéu dudng type 2 so voi ngudi khong mic bénh
tiéu duong.

Chi Ruminococcus va Desulfovibrio giam & nhém bénh tiéu duong type 2 o
v6i nhoém ddi ching, su khac nhau nay c6 y nghia théng ké (p = 0,001 va 0,003 twong
tmg). Trong chi vi khuan Ruminococcus, loai Ruminococcus gnavus cé thé gay bénh
do chiing tong hop mot polysacaride phirc tap voi chudi chinh rhamnose va chudi bén

glucose, polysacaride ndy 1am ting su bai tiét cac doc td giy viém nhu TNFo [163].


https://www.sciencedirect.com/topics/medicine-and-dentistry/glycan
https://www.sciencedirect.com/topics/medicine-and-dentistry/rhamnose
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Ngoai ra, nhitng nghién ctru gan day cho thiy hé vi sinh vit cia ngudi mic bénh tiéu
duong type 2 ¢6 su gia ting cua vi khudn khir sulphate Desulfovibrio. Tuong tu
nghién ctru ctia Singh va cong su, nghién ciru cua ching t6i cho thiy, co sy suy giam
ctia vi khuan san xuat butyrate nhu Clostridium, Faecalibacterium va Roseburia. Day
cling la dac diém chung dugc ghi nhan & h¢ vi sinh vt cia nguoi méc bénh tiéu
duong type 2 [164].

Ngoai ra, két qua phan tich tir hinh 3.11 ciing chi ra rang nhém nguoi tiéu
duong type 2 chira nhiéu vi khudn mam bénh co hoi thudc chi Escherichia, chua it
chi vi khuan san xuét butyrate (Faecalibacterium, Roseburia) va chi vi khuan phan
giai chat nhay (Akkermansia). Két qua cta chiing toi tring voi mot sé két qua nghién
ctru trude day, dac biét 1a nghién ctru cua Murri va cong su [165].

Theo tim hiéu cta chung t6i, mot sé vi khuan thudc chi Bifidobacterium nhu
B. bifidum, B. longum, B. infantis, B. animalis, B. pseudocatenulatum va B. breve déu
cai thién kha ning dung nap glucose & dong vat bi bénh tiéu duong type 2 [166],
[167]. Vi nhitng chi vi khuan con lai, mic du co sy khac biét khi so sanh giita ngudi
tiéu dudng type 2 va nguoi khong bi tiéu duong, nhung nhitng sai khac nay khong co
¥ nghia thong ké.

Hé vi sinh vat c6 lién quan dén sinh 1y bénh cta nhiéu bénh man tinh trong
d6 co tiéu duong type 2. Trong 10 nam qua, sd lwong dir liéu chi ra nhirng thay doi
vé thanh phan hoic chitc ning cta vi khuan duong rudt & bénh nhan tiéu dudng type
2 thu duoc ngay cang ting. Nhiéu két qua nguoc nhau di duoc ghi nhan. Phan tich
“rdi loan vi khuan” cho phép phat hién nhiing thay d6i & vi khuan lién quan dén sy
xuat hién hoic tién trién cta bénh tiéu duong type 2. Mot nghién ctru 16n gan day da
quan sat thay rang cac vi khuan khac nhau dugc tim thay c6 lién quan dén két qua
trao d6i chat giéng nhau & cac khu vuc dia 1y khac nhau [155]. Sy khéc biét giita cac
két qua va su bat dong vé cach dién giai 13 nhimg dic diém chung cua bat ky linh
vuc khoa hoc méi ndi nao. Tuy nhién, khi xac dinh duoc cac thudc tinh cia C4c vi
sinh vat trong co thé ngudi voi bénh tiéu dudng type 2 s& gop phan lam rd rang hon
van dé nay.

Trong mdt nghién ctru khac v6i 150 nguoi tham gia gdm c6 74 ngudi méc
bénh tiéu dudng type 2 va 76 nguoi khong mac bénh tiéu duong. Két qua cho thay,

nhom nguoi mic bénh tiéu duong type 2 c6 nhitng khac biét vé hé vi sinh vat duong
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rudt: so voi nhom ngudi khong méc bénh tiéu dudng va mic da dang o thip hon, ty
1¢ Firmicutes/Bacteroidetes cao hon, va dac biét, sy da dang B khéac bi€t c6 ¥ nghia
théng ké. O cip d6 nganh, hau hét cac 1an doc trinh tr dugce phan thanh bon nhém
nganh va chiém 98,61%, bao gom: Firmicutes (65,33%), Bacteroidetes (18,33%),
Actinobacteria (8,03%) va Proteobacteria (6,94%). Su phong pht twong d6i ciia tirng
hé vi sinh vat dudng rudt & cip do nganh khong khac biét dang ké gitra nhom mic
bénh tiéu duong va nhom khong méc bénh tiéu dudng. O cip do chi, 21 chi co sy
khac biét dang ké giita nhom ngudi mic bénh tiéu dudng type 2 va nhom ngudi
khong mic bénh tiéu duong.

Khi phan tich cac vi sinh vat trong co thé nguoi ctia 2 nhém, & cap do phan
loai nganh, thanh phan giita cac c4 thé kha giéng nhau, trong khi & cap d6 phan loai
loai, su twong déng nay bi mat di.

Bdng 3.6. Ty 18 trung binh mot s6 loai vi sinh vat trong phan ctia nhém nit gidi

Ty I€ trung binh (%)
TT Loai vi sinh vat Nhom nfr lihém ne Chi sb p
khéng tieu tieu duwong
duwong type 2
1 | Prevotella copri 19.180 0.711 0.017
2 Parabacteroides distasonis 0.441 1.348 0.007
3 | Ruminococcus callidus 0.267 0.033 0.005
4 | Clostridium citroniae 0.030 0.126 0.041
5 | Faecalibacterium prausnitzii 6.198 2.788 0.084
6 Bacteroides uniformis 0.983 4.968 0.944
7 Escherichia coli 2.344 2.264 0.098
8 Lactobacillus salivarius 0.010 0.119 0.143
9 | Lactobacillus agilis 0.003 0.000 0.337
10 | Lactobacillus brevis 0.000 0.002 0.337
11 | Lactobacillus zeae 0.002 0.000 0.147
12 | Bifidobacterium longum 0.010 0.011 0.911
13 | Akkermasia muciniphia 0.084 0.020 0.220
14 | Clostridium butyricum 0.007 0.006 0.866
15 | Ruminococcus gnavus 0.709 2.063 0.399
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16 | Ruminococcus biforme 0.124 0.014 0.102
17 | Blautia obeum 0.198 0.121 0.432
18 | Bacteroides fragilis 1.444 1.640 0.892
19 | Others 55.566 70.748 0.023

x

X

x

X

x

x

x

X

Hinh 3.12. D6 phong phu twrong d6i ¢ mirc do loai cua hé vi sinh vat trong phan 7

H Others
M Bacteroides fragilis
W Blautia obeum
Ruminococcus biforme
Ruminococcus gnavus
Clostridium butyricum
B Akkermasia muciniphila
W Bifidobacterium longum
B Lactobacillus zeae
— W Lactobacillus brevis
I W Lactobacillus agilis
u Lactobacillus salivarius
B Escherichia coli
M Bacteroides uniformis
B Faecalibacterium prausnitzii
|| H Clostridium citroniae
W Ruminococcus callidus
B Parabacteroides distasonis
. - -

W Prevotella copri
- - I -
y nghia théng ké d6 1a P. copri, P. distasonis, R. callidus, C. citroniae (Bang 3.6, Hinh

c4 c5 Cc6 c7
nir g10’1 t1eu du:ong type 2 (D1-D7) va 7 ni glori khong tiéu duong (C1-C7)

Trong tat ca cac loai dugc phan tich va so sanh thi 04 loai c6 su khac biét va co

3.22). Trong d6 P. copri bi suy giam ¢ nhom ngudi tiéu dudng. Bao cao cho thay, vi
khuan nay dugc chirg minh c6 tac dung ha duong huyét & chudt va & ngudi [168].

Prevotella, vi khuin gram am ky khi bét budc, 1a mot trong nhirng loai phd
bién nhat trong dudng tiéu hoa ctia con nguoi [169]. Khoang 10-25% ngudi My va
chau Au khoe manh, luong Prevotella trong phan c6 thé chiém dén trén 10%. Trong
s6 5 loai Prevotella dugc bao cdo ¢6 mat trong rudt ngudi thi P. copri chiém ti 16
nhiéu nhat [170], [171].

Céc ching P. copri c6 kha ning phan giai nhiéu hydratcarbon phtec tap, tong
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hop nhiéu SCFA gitip ting cuong sttc khoe. Phan tich trinh tw gen 16S rRNA cho
thay P. copri c6 kha ning ting cuong du trir glycogen ¢ gan va dé san xuét succinate,
phan tir chiu trach nhiém can bang ndi moi glucose thong qua viée didu chinh qua
trinh tao gluconeogenesis & rudt, giup cai thién kha nang dung nap glucose [58]. P.
copri con kich thich tong hop cac cytokine nhu IL-6, IL-17 gitip giam viém. Tuy
nhién, nhitng két qua nghién ctru khac nhau vé vai trd cua chung ddi voi stre khoe
con ngudi con dang gy tranh cai. Chinh vi vy, can duoc nghién ciru siu hon dé xac
dinh vai trd cua vi khuan nay dbi voi stre khoe con nguoi, dac biét d6i voi bénh tiéu
duong type 2.

Béo phi 1a mot yéu t6 nguy co chinh d6i v6i bénh tiéu dudng type 2, chiém
90-95% trong tat ca cac truong hop mic bénh tiéu duong [172]. Nhiéu nghién ctru
da chi ra mdi lién hé truc tiép gifra thanh phén cua hé vi sinh vat duong rudt va co
ché bénh sinh cua bénh béo phi va tiéu duong [173]. Ché do an giy béo phi co thé
dan dén tang tinh thim ciia rudt va rdi loan vi sinh vat, gép phan gdy viém mén tinh
trong rudt va moé md, dong thoi phat trién tinh trang khang insulin, hau qua dan dén
bénh tiéu duong type 2 [174].

Trong nghién ctru nay, P. distasonis c6 sy gia ting & nhom ngudi tiéu duong.
P. distasonis 1a mot trong nhing thanh vién chinh c6 chitc ning sinh 1y quan trong doi
v6i con nguoi. Khong gidng véi phat hién cua chiing t6i, nghién ctru da cong bd cho
thay, su phong phu ciia P. distasonis giam di khi an ché do an giau chat béo. Do vay,
& nhirng bénh nhan béo phi, gan nhiém md, sb luong P. distasonis lai twong d6i thap
[175], [176], [177]. Hon nita, khi b6 sung P. distasonis lam ting tong hop succinate,
gitip duy tri cn bang ndi moi va hd tro cai thién cac rdi loan chuyén hoa [178].

Ngugc voi P. distasonis, loai Ruminococcus callidus lai suy giam ¢ nhom bénh
tiéu duong type 2. Nhitng nghién ctru trude cho thiy, & ngudi gay, vi khuan nay biéu
hién phong phu trong dudng rudt va giam thiéu vé sé luong & ngudi béo phi. Twong
tu nhu vay, trong nghién cru ctia chung t6i, & nhom tiéu duong type 2 sé lugng vi
khuan nay giam so voi nhom ddi chimg.

Két qua trong Bang 3.6 cho thay, C. citroniae gia ting & nhom ngudi tiéu
duong type 2. Trong dudng tiéu hoa, C. citroniae tong hop trimethylamine N-oxide
(TMAO), mot hop chét co lién quan dén tinh trang viém md md va can tré qua trinh

truyén tin hiéu insulin & gan, do vay lam ting tinh khang insulin, din dén gia ting
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lrong dudng trong mau va anh hudng dén ngudi tiéu dudng type 2 [179].

Nhitng nghién ctru gan day cho thay Bacteroides unifomis 6 vai tro quan trong
trong chuyén hoa gitip giam can, giam ching gan nhiém md, giam ndng do
cholesterol va trigliceride & gan, ting cac acid béo chudi ngan [180]. Trong nghién
ctru cia chung t6i, két qua phan tich cho thdy hau nhu khong cé su khac biét giira
thanh phan loai B. unifomis & mau ddi ching (2,34%) va mau nguoi tiéu dudng type
2 (2,26%).

Phan tich céc loai chinh thudc nganh Firmicutes cho thay c6 sy khac biét giira
thanh phan loai vi khuan F. prausnitzii. O ngudi tiéu dudng type 2, vi khuan nay giam
di rd rét, chi con 2,79% so vé6i 6,20% & mau doi ching. F. prausnitzii 1a vi khuén san
xuat butyrate chiém uu thé trong dudng rudt va chiing chiém tdi 4% hé vi sinh vat
duong rudt [181]. Vi khuan nay san xuat cac chit chuyén héa chong viém nho duy
tri chirc ning ctia hang rao rudt, gitip gidm viém nhiém & ngudi béo phi [182]. Khi bi
tiéu dudng type 2, sy phong phti cua F. prausnitzii da giam rd rét. Khi sé luong giam
di, butyrate dugc tao ra & murc do thép va s& tao diéu kién dé cac vi khuén san xuit
cac cytokine gdy viém, 1am ting nguy co viém nhiém.

Trong nghién ctru ciia chung t6i, nhom nguoi tiéu dudng type 2 co sy gia ting
dang ké vé vi khuén E. coli (4,97% so véi 0,98%). E. coli 1a mot trong nhitng mam
bénh phd bién nhit ¢ bénh nhén tiéu duong. Khoang 70% bénh nhén tiéu duong bi
nhiém tring dudng tiét niéu, va khoang 40% bénh nhan tiéu duong bi viém tai mat
1a do nhiém vi khuan nay [183]. Pudng méu cao & nguoi bénh c6 tac dong tidu cuc
dén chire ning thuc bao, do d6 ngudi tiéu duong type 2 dé bi nhiém khuan.

Mot nghién ctru toan bd metagenome ctia nguoi di ching minh rang & bénh
nhan tiéu duong, muic Lactobacillus spp va Bifidobacterium spp cao hon nhiéu so véi
nguoi khong méic bénh tiéu duong [184]. Tuy nhién, so v6i Bifidobacterium, chi
Lactobacillus mic du duoc nghién ctru va bao céo thuong xuyén, nhung cac két qua
thuong c6 su khong dong nhat.

Trong nghién ctru nay c6 4 loai thudc chi Lactobacillus la L. salivarius, L.
agilis, L. brevis va L. zeae dugc phat hién. Trong s6 4 loai, lugng vi sinh vat thudc
loai L. salivarius & nhém bénh tiéu duong type 2 c6 xu huéng cao hon so véi nhém
d6i chtng (0,119% so v6i 0,01%), tuy nhién su khac biét nay khong cé y nghia thong

ké (p = 0,143). Lactobacillus salivarius 14 vi khuan ton tai trong miéng va rudt non,
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vi khuan nay c6 vai tro ting cuong hé thdng mién dich. Trong nghién ctru cta Pei-
Shan Hsieh va cong sy cho thay L. salivarius c6 thé ting cudng biéu hién GLUT2
trong céc té bao biéu mo rudt cua ngudi, giup van chuyén glucose tir mau vao té bao
va gitip diéu chinh qua trinh chuyén hoéa lipid trong mau & nguoi tiéu dudng type 2.
Bén canh do, L. salaryrius con lam giam dang ké ton thuong gan va than [185]. Wang
va cong sy dd phat hién ra kha ning cua L. salaryarius dé diéu chinh giam cac
cytokine gay viém IL-8, TNF-a, IL-17, MIP-1B dong thoi diéu chinh ting cytokine
khang viém TGF-1, day 1a nhiing cytokine lién quan dén co ché bénh sinh cua tiéu
duong [186]. Vi khuén gia ting trong rudt ciia bénh nhan tiéu dudng type 2 ciing bao
gom vi khuan kht  sulphate Desulfovibrio, ciing nhu Lactobacillus
gasseri, Lactobacillus reuteri va Lactobacillus plantarum [187], [188]. Hon nita,
viéc diéu tri nguoi bénh tiéu duong typ 2 tai Nhat Ban bang thudc tc ché a-
glucosidase da lam tang Lactobacillus spp [188].
3.1.3.2. Két qud phan tich thanh phan lodi ¢ nhém nam gidi

S6 luong trinh ty doc ctia 2 nhom goém 13 nganh chinh (Hinh 3.13). Két qua
Hinh 3.13 chi ra ring Bacteroidetes chiém uu thé cao nhat ¢ tat ca cic mau va ty 1é
trung binh & nhoém ddi chimg 13 61,25%, nhom bi bénh tiéu dudng trung binh 46,60%
(p = 0,21). Nganh chiém uu thé tht 2 1a nganh Firmicutes véi ty 1 trung binh 13
32,47% & nhom ddi chimg va 36,52% & nhom bi bénh tiéu duong (p = 0,79). Nganh
chiém wu thé tiép theo 14 Proteobacteria, cu thé: & cac mau déi chung 1a 3,22%, ¢
nhom bi bénh tiéu duong 1a 12,58% (p = 0,02). Cac két qua ctia nghién ctru nay cho
thay su pht hop so véi két qua ctia cac nghién ciru trude thé hién qua thanh phan 3
nganh chiém uu thé 1a Bacteroidetes, Firmicutes va Proteobacteria.
Bdng 3.7. Ty 1¢ trung binh mot s6 nganh vi sinh vat trong phan ciia nhém nam giGi

tiéu dudng type 2 va nhom nam gidi khong tiéu duong

Ty I¢ trung binh (%)

TT | Nganh vi sinh vat Nhom nam tiéu Nhém nam khéng | Chiso p
dwong type 2 tiéu dwong

1 | Bacteroidetes 46.601 60.826 0.216

2 | Firmicutes 36.522 32.469 0.796

3 | Fusobacteria 3.540 3.232 0.948

4 | Proteobacteria 12.582 3.225 0.021
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5 | Cyanobacteria 0.030 0.009 0.363
6 | Tenericutes 0.021 0.023 0.917
7 | Actinobacteria 0.311 0.103 0.373
8 | Verrucomicrobia 0.189 0.023 0.430
9 | Euryarchaeota 0.009 0.014 0.795
10 | Lentisphaerae 0.102 0.019 0.461
11 | Synergistetes 0.023 0 0.374
12 | TM7 0 0| #DIV/0!
13 | Others 0.056 0.049 0.909
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M Proteobacteria
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H Firmicutes

M Bacteroidetes

Hinh 3.13. D6 phong phu tuong d6i & mirc dd nganh cua hé vi sinh vat trong phan 3

nam gidi tiéu duong type 2 (D8-D10) va 3 nam gidi khong tiéu duong (C8-C10)
Két qua phan tich trinh ty ctia 22 chi vi khuan chinh (Bang 3.8, Hinh 3.14) chi

ra rang nhom nguoi bi bénh ti€u dudng type 2 chira nhiéu vi khuan mam bénh co hoi

thudc cac chi nhu Desulfovibrio, Escherichia; chira it chi vi khuén san xuét butyrate

(Faecalibacterium, Roseburia) va chi vi khuan phan giai chat nhay (Akkermansia,

Prevotella). Khi nghién ciru cu thé vé do phong phu cia céc chi, chung t6i thay luong

vi sinh vt thudc chi Veillonella ¢ nhém dbi chimg chiém 0,08%, & nhom bénh tiéu

duong type 2 13 0,39%, su khac biét giita 2 nhém c6 ¥ nghia thong ké (p = 0,025).
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Bdng 3.8. Ty 1& trung binh mét s6 chi vi sinh vt trong phan ctia nhém nam gidi

tiéu dudng type 2 va nhoém nam gidi khong tiéu dudng

Ty I€ trung binh (%)

TT | Chi vi sinh vat Nhém nam tiéu Nhém nam khéng | Chiso p
dwong type 2 tiéu dwong
1 | Bacteroides 39.731 44,158 0.829
2 | Prevotella 1.743 10.811 0.420
3 | Oscillospira 3.700 1.921 0.605
4 | Ruminococcus 1.624 1.437 0.882
5 | Odoribacter 0.351 0.803 0.302
6 | Desulfovibrio 0.449 0.101 0.422
7 | Butyricimonas 0.449 0.112 0.205
8 | Clostridium 0.243 0.250 0.976
9 | Burkholderia 0.021 0.030 0.618
10 | Faecalibacterium 7.895 10.464 0.705
11 | Escherichia 4.493 0.835 0.378
12 | Akkermansia 0.190 0.023 0.422
13 | Fusobacterium 0.094 0.002 0.185
14 | Roseburia 2.265 2.855 0.788
15 | Lactobacillus 0.089 0.077 0.825
16 | Bifidobacterium 0.044 0.023 0.531
17 | Sutterella 4,011 1.507 0.184
18 | Lachnospira 2.132 0.840 0.275
19 | Dorea 0.512 0.143 0.228
20 | Veillonella 0.377 0.080 0.025
21 | Others 18.954 14.878 0.200
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100%
H Others
m Veillonella
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Hinh 3.14. Do phong phii twong d6i & murc d chi ciia hé vi sinh vat trong phéan 3
nam gidi tiéu duong type 2 (D8-D10) va 3 nam gidi khong tiéu duong (C8-C10)

Ngoai ra, khi nghién ctru 2 chi probiotic la Lactobacillus va Bifidobacterium
chung t6i thiy nhém ngudi tiéu duong type 2 c6 ty 18 2 chi vi khuan nay déu cao hon
s0 v6i nhom d6i ching. DGi vai chi Lactobacillus & nhém dbi ching ty 1¢ trung binh
14 0,077% va nhom tiéu duong type 2 12 0,089%. Chi Bifidobacterium chiém 0,023%
& nhom dbi ching va 0,045% & nhom tiéu dudng type 2. Nguyén nhan dan tdi 2 chi
vi khudn nay ting & nhom bénh tiéu dudng c6 thé do nguoi mic bénh tiéu dudng
thudng an it tinh bot, nhung lai 4n nhiéu chat xo, dy c6 thé 1a nguyén nhan lam ting
2 nhém vi khuan probiotic nay.

Trong nganh Bacteroidetes, vi khuan thudc 16p Bacteroidia chiém da s6 trong
ca mau d6i ching va mau nam gidi mac bénh tiéu duong type 2. Tuy nhién & miu
dbi chimg c6 ty 18 trung binh Bacteroidia cao hon so v&i miu nam gidi mic bénh tiéu
duong type 2 (60,82% va 46,60% twong tng). Trong s cac loai thudc 16p
Bacteroidia, loai vi khuan B. unifomis trong nghién ctru ctia chung toi cho thiy c6 sy
khac biét giira thanh phan loai B. unifomis & mau dbi chtng (3,22%) va mau ngudi
tiéu duong type 2 (1,13%) (p = 0,44).
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Phén tich cac loai chinh thuéc nganh Firmicutes (Hinh 3.15) cho thdy co su

khac biét gita thanh phan loai vi khuan F. prausnitzii. O mau dbi ching thanh phan

loai vi khuan chiém 10,46% va mau nguoi tiéu duong type 2 chiém 7,9%. Thanh phan

loai vi khudn F. prausnitzii & nhom d6i chimg cao hon so véi nhém nam gi6i mic

bénh tiéu duong type 2 (p = 0,70). Day 1a vi khuan san xuét butyrate va cac axit béo

chudi ngan trong duong tiéu hoa, vi vay ddy c6 thé 1a mot trong lodi anh huéng hoic

lién quan dén bénh tiéu duong type 2.

Phén tich loai thudc nganh Proteobacteria cho thiy c6 su khac biét giira thanh

phan 10ai E. coli. O mau dbi ching thanh phan loai E. coli chiém 0,8354%, trong khi

& ngudi tiéu duong type 2 1a 4,4928% (p = 0,37).

Bdng 3.9. Ty 1é trung binh mot s6 10ai vi sinh vat trong phan cia nhém nam gidi

tiéu dudng type 2 va nhoém nam gidi khong tiéu dudng

Ty I€ trung binh (%)
TT | Loai vi sinh vt Nhom nam tiéu Nhom naim Chi sb p
dubng type 2 khong tiéu
duong
1 | Prevotella copri 0.913 8.967 0.387
2 | Parabacteroides distasonis 0.576 1.144 0.361
3 | Ruminococcus callidus 0.026 0.021 0.749
4 | Clostridium citroniae 0.040 0.063 0.502
5 | Faecalibacterium prausnitzii 7.895 10.460 0.705
6 | Bacteroides uniformis 1.126 3.225 0.443
7 | Escherichia coli 4.493 0.835 0.378
8 | Lactobacillus salivarius 0.021 0.002 0.275
9 | Lactobacillus agilis 0.007 0.056 0.408
10 | Lactobacillus brevis 0.000 0.000 | #DIV/0!
11 | Lactobacillus zeae 0.000 0.000 | #DIV/0!
12 | Bifidobacterium longum 0.009 0.009 1.000
13 | Akkermasia muciniphia 0.190 0.023 0.422
14 | Clostridium butyricum 0.005 0.000 0.374
15 | Ruminococcus gnavus 0.489 0.145 0.023
16 | Ruminococcus biforme 0.260 0.073 0.511
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17 | Blautia obeum 0.164 0.080 0.453

18 | Bacteroides fragilis 5.679 1.771 0.522

19 | Veillonella dispar 0.344 0.073 0.026

20 | Others 58.769 55.854 0.625
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Hinh 3.15. Do phong phu twong ddi & mirc d6 loai hé vi sinh vat trong phan 3 nam
gidi bénh tiéu duong type 2 (D8-D10) va 3 nam gidi khong tiéu duong (C8-C10)

Trong tat ca céc loai duogc phan tich, so sanh thi 02 loai c6 su khac biét va co
¥ nghia thong ké d6 1a R. gnavus va V. dispar (Bang 3.9). Tuy nhién, hién nay van
chua c6 cac nghién ciru sau vé tac dong ciia cac loai nay dbi véi ngudi ticu dudng
type 2.

Di vao phan tich cu thé 02 chi vi khuan probiotics 1a Lactobacillus va
Bifidobacterium chung toi thdy nhém nir tiéu duong type 2 c¢6 ty 1¢ 2 chi vi khuan
nay déu cao hon nhom d6i chimg. Dbi véi chi Lactobacillus & nhom ddi ching ty 18
12 0,018% va nhom tiéu duong type 2 14 1,07% (p = 0,29). Chi Bifidobacterium chiém
0,034% ¢ nhom ddi ching va 0,055% & nhom tiéu duong type 2 (p = 0,51). Phén tich
d6i voi nhém nam (Bang 3.9) thi nhom tiéu duong ciing cho két qua 2 chi vi khuan

nay cao hon nhom dbi ching. Mic du Lactobacillus va Bifidobacterium 12 hai chi vi
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khuan gram duong dugc st dung rong rii nhu cac ché pham sinh hoc dé cai thién
thanh phan cta hé vi sinh vat duong rudt nhung cho dén nay sy khac biét giita 2 nhom
van chua 1 rang. Cac nghién ctru co ban déu cho két qua Lactobacillus & ngudi tiéu
dudng type 2 cao hon & ngudi khdng tiéu dudng. Sb lwong vi khuan Bifidobacterium
& ngudi tiéu duong type 2 c6 xu hudng thap hon ¢ ngudi khong tiéu dudng. Thanh
phan hé vi sinh vat duong rudt thay d6i nhidu ¢ nhimg ngudi méc bénh tiéu dudng
type 2. S6 lugng vi khuan gram dwong, chiang han nhu Lactobacillus va Clostridium
(phylum Firmicutes) va Bifidobacterium (phylum Actinobacteria) giam. Trong khi
d6, s6 luong vi khuan gram am thudc nganh Bacteroidetes ting 1én [189]. Sé luong
vi khuan gram am cao c6 thé 1am ting nguy co bién ching ¢ nhitng nguoi mac bénh
tiéu duong type 2.

Nguyén nhén chi vi khuan Lactobacillus va Bifidobacterium trong nghién ctru
ctia chung t6i va cac nghién ctru khac ting & nhom nguoi tiéu dudng type 2 c6 thé 1a
do sir dung cac san pham probiotics hing ngay hodc khi str dung giai trinh tu cac san
pham PCR da phat hién vi khuan chét khong biéu hién tic dung trao doi chat cia
ching. Mot s6 két qua nghién ciru gan day cho thdy, khi st dung sita chua c6 chira vi
khuan Lactobacillus va Bifidobacterium dé giam stress thi ciing giam gia tri glucose
mau va khang insulin [190].

Nghién ctru cia Sato cho thdy vi khudn Lactobacillus c6 xu huéng gia ting &
nhirg nguoi mic bénh tiéu dudng type 2 & Nhat Ban, ciing nhu nhitng ngudi mac
bénh tiéu duong type 2 & Chau Au. Cac nghién ciru d6i véi nguoi tiéu duong type 2
va nguoi khong tiéu dudng ¢ Chau A ciing thiy c6 sy khic biét vé sé luong
Lactobacillus. Tat ca cac nghién ctru nay déu c6 chung két qua 1a Lactobacillus &
ngudi mac bénh tiéu dudng type 2 cao hon ngudi khong tiéu duong. Theo cac nghién
ctru trude ddy, khong phai tat ca cac vi khuan Lactobacillus déu c6 tac dung tich cuc
d6i v6i ngudi mic bénh tiéu dudng [188]. Vi vy can nghién ciru thém dé xac dinh
su khac biét vé sb lugng vi khuén Lactobacillus trén tung nhom déi tuong, tir do dua
ra két qua chi tiét, cu thé.

Céc kha ning khac c6 thé 1a nguyén nhan khién sb luong vi khuan thudc chi
Lactobacillus khac biét giira 2 nhom nghién ciru d6 1a do sir dung thudc trong diéu tri
bénh tiéu duong type 2. Mot sd nghién ciru trude day cho biét c6 xu hudng giam sb

luong vi khuan Lactobacillus trong duong tiéu hoa ctia nhitng nguoi méac bénh tiéu
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duong loai 2. Tuy nhién, diéu nay c6 thé thay d6i néu bénh nhan bét dau thuc hién
cac théi quen moi nhu dn thyc phdm gidu probiotics, thyc phdm giau chit xo hodc
dung thudc chéng ting dudng huyét. Khi dn thuc pham giau probiotics nhu sita chua,
kefir, pho mat va thuc phidm gidu chit xo khong hoa tan d3 lam ting sd luong vi
khuan Lactobacillus trong dudng tiéu hoa [191].

La mot chi chiém wu thé trong nganh Firmicutes, Lactobacillus thé hién tac
dung chéng tiéu dudng ndi bat thong qua tac dung kich thich tiét hormone incretine
va giam ndi doc t6 trong mau [192]. Mot s6 nghién ctru cho thay, cac thude ha duong
huyét khac nhau c6 thé diéu chinh co chon loc sy phong phu cia cic loai
Lactobacillus sp. Nghién ctru ctia Zhang va cong sy cho rang diéu tri bang metformin
dan dén thay doi hon 20 chi. Trong d6 ty 1¢ vi khuin san xuat SCFA nhu
Butyricimonas, Coprococcus va Ruminococcus ting 1én, phit hop véi su thay doi vé
ham lugng SCFA trong phan. Céc chi Lactobacillus va Akkermansia cong sinh cling
tang theo, nguoc lai hai loai mam bénh co hoi, Prevotella va Proteus, da giam khi
diéu tri bang metformin [193]. Khi ¢6 su két hop, Metformin va Sitagliptin da lam
tang tinh phong phu cua L. johnsonii va L. intestinalis spp. Acarbose lam tang dang
ké L. intestinalis, nhung lam giam cac loai L. johnsonii va Lactobacillus sp. Trong
mot bao cdo khac, Wang va cong su di chi ra rang cac chi Lactobacillus ciing dugc
lam giau sau khi diéu tri bang Liraglutide va Saxagliptin [194].

Nhung cling c¢6 nghién ctru cho thiy, & ngudi tiéu dudng type 2, st dung
metformin lam suy giam su phong phéi ctia 5 chi vi khuan quan trong trong dudng
rudt, trong khi nhitng nguoi khong sir dung hodc dung thude khac thi thanh phan vi
khuan duong rudt gan gidng vi nhom ddi chimg khong bi tiéu duong type 2 [195].
Nhu vay, viéc chia nhom tiéu duong type 2 theo ché do ding thude cé thé gitp danh
gia duoc anh huéng cua chung dbi v6i bién dong vé khu hé vi khuan dudng rudt ¢
nguoi tiéu dudng type 2 so v6i nguoi khong tiéu dudng.

M5t s6 nude nhu Nhat Ban, Iran va mot sd noi cla Trung Québc c6 thoi quen
an thuc phém chira nhiéu probiotics. Bac biét, Nhat Ban dugc biét dén 1a qué)c gia
dan dau thi trudng toan cau trong linh vic men vi sinh. Két qua danh gia nghién ciru
& Iran ciing cho thay rang nguoi Iran da bat ddu nhan ra tim quan trong ctia viéc tiéu
thu thuc pham hodc san phadm chitra nhiéu probiotics, do d6 nhu cau vé thuc phim
hodc cac san pham probiotics ting 1én. Truyén thong ddi sita thanh cac san pham 1én

men cling da dugc ap dung tir 1au ¢ Trung Quoc vi vay nguoi Trung Quoc rat co thé
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da quen véi vige ti€u thy stta 1én men c6 chira vi sinh, mot trong s6 do 1a chi
Lactobacillus [196]. Nhitng 1y do nay 1a nguyén nhan khién Lactobacillus ¢ ngudi
tiéu dudng type 2 cao hon so.

Danh gia vé sé luong vi khuan Bifidobacterium giita 2 nhom, cac két qua
nghién ctru van con tranh luan. Tuy nhién, da sb cac nghién ctru déu két ludn ring xu
huéng sb luong Bifidobacterium ciia nhitg ngudi khong tiéu dudng cao hon so véi
nhirng nguoi tiéu duong. Bang chimg nay khong dang chi ¥ vi vi khudn thudc chi
Bifidobacterium c6 tac dung chong viém ma nhirng ngudi c6 théi quen dn kiéng chit
béo va nhirg nguoi bi rdi loan chuyén hoa nhu tiéu dudng type 2 s& giam thanh phan
cua chi vi khuan Bifidobacterium [196].

Nghién ciru cac loai thudc chi Bifidobacterium ciia chiing toi cho thay: chi thay
xuat hién 1 loai 1a Bifidobacterium longum va ty 18 twong duong nhau giira 2 nhom.
Nhém nit tiéu dudng type 2 chiém 0,011% + 0,018%, nhom d6i chimg 13 0,01% =+
0,015%; nhém nam tiéu duong type 2 chiém 0,009% + 0,004%, nhom ddi chimg 1a
0,009% =+ 0,016%. Su khac biét & ca ddi tugng nir va nam déu khong co6 ¥ nghia thong
ké. Bifidobacterium longum & nhom nir tiéu duong type 2 16n hon so véi nhom ddi
chtng. Trong khi 6, nhom nam nghién ciru, su bién dong loai B. longum & nhém
tiéu dudng type 2 nho hon so véi nhom ddi ching.

Céc nghién ctru khéc ciing cho thiy sb lwong vi khuan Bifidobacterium fragilis
va B. longum khong khac biét dang ké trong dudng tiéu héa giira 2 nhém. Ngoai ra,
két qua nghién ctru cua Le va cong su cho thiy co6 su khac biét dang ké vé sb luong
vi khuan Bifidobacterium adolescentis ctia nhitng nguoi tiéu dudng type 2 va nhimng
ngudi khong tiéu dudng. S6 lwong B. adolescentis trong dudng tiéu hoa cta ngudi
khong tiéu duong cao hon.

T4c dung cta probiotic rat rong va khac nhau tity thudc vao loai vi sinh vat. Do
d6, can nghién ctu thém vé sd luong loai vi khuan tir chi Bifidobacterium va
Lactobacillus. Ngoai ra, nén phat trién liéu phap dua trén hé vi sinh vat cho nhiing
nguoi tiéu duong type 2, dic biét 1a vi khuan tir chi Bifidobacterium va mot sé loai
thudc chi Lactobacillus co tac dung tich cuc trong viéc giam lugng duong trong mau.
3.2. Méi twong quan ciia vi khuan dwong rudt véi chi so glucose va BMI
3.2.1. Moi twong quan giia tinh da dang ciia vi khuin dwong rudt véi chi sé
glucose va BMI ¢ nhom nir gioi

Phan tich twong quan vi khuan duong rudt voi chi s6 BMI va glucose cho
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thay: trong s6 13 nganh c6 10/13 nganh c6 twong quan nghich véi chi sé BMIL, 11/13
nganh twong quan nghich v6i chi sé glucose. D6i véi 10 nganh (Firmicutes,
Cyanobacteria, Tenericutes, Actinobacteria, Verrucomicrobia, Euryarchaeota,
Lentisphaerae, Synergistetes, TM7, Others) c6 mdi twong quan nghich véi BMI thi
cling c¢6 trong quan nghich vé6i chi sé glucose. Ngoai ra, nganh Proteobacteria co
tuong quan thuin véi BMI nhung tuong quan nghich voi glucose. Trong sd céc
nganh c6 twong quan nghich véi chi sb glucose chi c6 nganh Actinobacteria twong
quan c6 y nghia théng ké (R = -0.609, P = 0.021). Khi nghién ctru cac nganh c6
tuong quan nghich v&i chi sé BMI thi 04/10 nganh (Firmicutes, Lentisphaerae,
Synergistetes va Others) twong quan c6 ¥ nghia thong ké (R = -0.576, P = 0.031; R
=-0.537, P =0.048; R = -0.555, P = 0.039 va R = -0.539, P = 0.047 twong ting). i
vO1 cac nganh c6 twong quan thudn véi glucose (Bacteroidetes, Fusobacterium) va
tuong quan thudn voi chi s6 BMI (Bacteroidetes, Fusobacterium, Proteobacteria) thi
déu khong c6 y nghia thong ke.

Ngoai ra, khi phén tich ty 1& Firmicutes/ Bacteroidetes véi chi s6 glucose thi
thiy day 1a twong quan nghich va c6 ¥ nghia théng ké (R = -0.590, P = 0.026), ty 18
Firmicutes/ Bacteroidetes véi chi s6 BMI 14 twong quan nghich khong c6 y nghia
thong ké (R = -0.386, P = 0.173) (Hinh 3.16).

Nhiéu tai liéu dd chi ra rang béo phi ¢ lién quan dén sy phong pht cua
Firmicutes va Bacteroidetes va ty 1& Firmicutes/Bacteroidetes, nhung nhitng thay doi
cua chung con gy tranh cai trong cac nghién ctru khac nhau [49], [197], [198]. Phu
hop véi két qua ciia chiing t6i, Duan va cong su cho thdy, Firmicutes cta ddi tuong
béo phi giam di (d6i chimg: 61,45%, béo phi: 37,39%), trong khi Bacteroidetes ting
1én dang ké (d6i ching: 32,44%, béo phi: 53,73%), va ty 1¢ Firmicutes/Bacteroidetes
giam, phu hop véi két qua nghién cru cta chung t6i [199]. Tuong tw nhu vay, nghién
clru ctia Schwiertz va cong su ciing cho thdy ¢ nhitng ngudi bi béo phi c6 su suy giam
Firmicutes dang ké, trong khi Bacteroidetes ting lén, din dén ty 18
Firmicutes/Bacteroidetes giam [49].

Su mat can bang trong thanh phan phan loai dugc ghi nhan rd rang trong bénh
tiéu dudng type 2 va duoc coi 1a sy gia ting twong ddi ty 16 Firmicutes/ Bacteroidetes
[200]. Chirng loan khuan trong cac rdi loan chuyén héa thuong bao goém sy gia ting
ty 18 vi khuan thudc nganh Proteobacteria [201], nganh nay bao gdm nhiéu mam bénh
phé bién & nguoi duwoc tim thidy nhu Escherichia, Shigella, Salmonella,
Helicobacter... [202].



81

0] R =-0609 P=0021 P = 0.026
e R =-0.590
1.25+
(o]
30
g 1.004
- @
) b
< K
.5 5
:
‘t:!' | I
8 20 o o
L
o
c Cq 2
kA o} 3
L] 2
< Y £
A~
o i
10
. o °
00
T T T T T T T T T T T T
500 750 10.00 1250 15.00 1750 500 750 10.00 1250 15.00 17.50
Glucose (mmoliL) Glucose (mmoliL)
0,004 R=-0576, P =0.031 R=-0386P=0173
[
1.25-
o
40.00-
" 1.00
k]
a
= o
g 2
H s
- o
30.00]
2 g
E a
= 5
i ]
E
=
[
20.00-]
L 1
L] 25-] [}
®
[ J
[
10.007 009
T T T T T T T T T T
1500 2000 25.00 3000 35.00 15.00 2000 25.00 30.00 35.00
BMI (kg/m2) BMI

Hinh 3.16. Mbi twong quan giita Actinobacteria, Firmicutes/ Bacteroidetes véi chi
) glucose; Firmicutes, Firmicutes/ Bacteroidetes vdi chi s6 BMI

Khang insulin xay ra khi cac té bio trong co, md va gan khong phan tng t6t véi
tin hiéu cta insulin dé van chuyén glucose tir mau véo té bao, két qua 1a lam lugng
duong trong mau tang cao. Hién tugng nay kéo dai sé dan dén bénh 1y tiéu duong
type 2.

Nghién ctru cho thay, tinh trang khang insulin va luong md ting cao s& lam
giam sy da dang cua vi khuan dudng rudt [203]. Allin va cong sy bao céo, ngudi co
ndng do glucose mau cao c6 hé vi sinh vat duong rudt bat thudng trong do co su giam
d6 phong phii cua chi Clostridium ciing nhu vi khuan phan giai chat nhay A.
muciniphila, déng thoi, ty 1¢ cua Bifidobacteria va Staphylococci cao hon binh
thuong [204]. Hién twong khang insulin duoc thic day boi vi khuan Prevotella copri
va Bacteroides vulgatus [203]. O cép d6 chi, su phong phu caa Clostridium twong
quan nghich véi ndng d6 glucose [205]. Phu hop véi su phong pht ngay cang ting &
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nhirng ngudi mic bénh tién tiéu dudng, Ruminococcus ¢6 mdi trong quan thuan voi
nong do glucose. Phat hién nay di ching minh rang sy da dang loai ngiy cang ting
c6 lién quan dén viéc diéu chinh glucose duoc cai thién va giam luong md va giam
viém, trong khi d6 mirc d6 phong phu vi khuédn thap c6 lién quan dén md, khang

insulin, r6i loan lipid mau va viém [205].
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Hinh 3.17. Mdi twong quan giita Ruminococcus, Butyricimonas véi chi sé glucose
va chi s6 BMI

Phan tich mdi twong quan ciia cac chi ddi v6i chi sé BMI va glucose mau
chung toi thiy: trong s6 20 chi da phén tich ¢ trén thi 11 chi (Prevotella, Oscillospira,
Ruminococcus, Odoribacter,  Desulfovibrio, Butirycimonas, Clostridium,
Burkholderia, Faecalibacterium, Akkermansia va Roseburia) cé tuong quan nghich
v6i ca chi s6 BMI va glucose. Ngoai 11 chi trén thi chi Sutterella va Others ciing co
turong quan nghich véi BMI; cac chi Escherichia, Bifidobacteria va Lachnospira co

tuong quan nghich v6i chi sd glucose. Trong s cic chi twong quan thudn
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(Bacteroides, Escherichia, Fusobacterium, Lactobacillus, Bifidobacterium,
Lachnospira va Dorea) véi chi sé BMI thi twong quan cta chi Bacteroides c6 y nghia
théng ké (R =0.577, P =0.031). Cac chi (Bacteroides, Fusobacterium, Lactobacillus,
Sutterella, Dorea va Others) twong quan thuan véi chi sé glucose nhung déu khong
¢ y nghia thong ké.

Trong s6 11 chi c6 mbi trong quan nghich véi ca 02 chi sé glucose va BMI
thi 03 chi c6 twong quan nghich véi glucose (Ruminococcus, Butyricimonas,
Clostridium) va c6 ¥ nghia thong ké (R = -0.567, P = 0.035; R = -0.554, P = 0.04; R
= -0.567, P = 0.034 twong tmg) nhung c6 t&i 06 chi twong quan nghich véi chi s6
BMI (Oscillospira, Ruminococcus, Odoribacter, Desulfovibrio, Butirycimonas,
Burkholderia) va c6 y nghia thong ké. Qua két qua nghién ctu thi 02 chi
(Ruminococcus, Butyricimonas) c6 méi trong quan nghich va co ¥ nghia théng ké
v6i ca 02 chi s6 glucose mau va BMI (Hinh 3.17)
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Hinh 3.18. Mbi twong quan gitta R. callidus, R. biforme va P. distasonis véi chi sb

glucose, BMI ¢ nhom nir gi61
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Khi phan tich méi twong quan cta 19 loai thi 13/19 loai c6 mdi twong quan
nghich véi chi s6 glucose, 10/19 loai twong quan nghich v6i chi s6 BMI. Trong sb
cac loai ¢o6 tuong quan nghich nay thi 09/19 loai (P. copri, R. callidus, F. prausnitzii,
L. agilis, L. zeae, A. muciniphia, C. butyricum, Ruminococcus biforme, Blautia
obeum) c6 tuong quan nghich voi ca 02 chi s6 glucose va BMIL Tt ca cac loai ¢o
trong quan nghich vé6i chi sé glucose déu khong c6 ¥ nghia théng ké nhung c6 02
loai (Ruminococcus callidus, R. biforme) tuong quan nghich véi chi sé BMI va ¢6
nghia thong ké (R = -0.729, P = 0.003; R = -0.538, P = 0.047 tuong ung). Trong sd
cac loai co tuong quan thuan voi chi sb glucose va BMI dugc phén tich, chi ¢6 loai
P. distasonis twong quan thuan va c6 y nghia théng ké véi ca chi sd glucose va chi s6
BMI (Hinh 3.18).

Dbi véi cac chi probiotics truyén thong chiing toi thdy c6 02 loai (L. salivarius,
L. brevis) thudc chi Lactobacillus dugc tim thdy déu twong quan thuan véi glucose
va BMI. Nguoc lai, 02 loai (L. agilis, L. zeae) c6 twong quan nghich véi ca 2 chi sd
glucose va BMI. Ddi véi chi Bifidobacterrium chi phat hién duoc loai B. longum va
tuong quan nghich véi chi s glucose nhung lai twong quan thuan véi chi sé BMI.
3.2.2. Moi twong quan giia tinh da dang cia vi khuin dwong rudt véi chi sé
glucose va BMI ¢ nhom nam gigi

Phan tich vi khuan dudng rudt ciia nam gidi voi chi s6 glucose va BMI cho
thay: trong s6 13 nganh thi nganh TM7 chiém 0% & tat ca cac mau cla ca 2 nhom
nghién ctru, 2/13 nganh cé tuong quan nghich vai glucose (Firmicutes, Bacteroidetes)
va 3/13 nganh twong quan nghich voi chi s6 BMI (Bacteroidetes, Tenericutes,
Euryarchaeota). Cac nganh c6 twong quan nghich véi chi sé glucose va BMI déu
khong c6 y nghia thong ké. Tuy nhién ty 1¢ giita Firmicutes/Bacterroides lai tuong
quan thuan véi glucose va BMI nhung khong c6 y nghia thong ké. Trong cac nganh
co tuong quan thuan véi glucose va BMI, twong quan cua nganh Proteobacteria voi
chi s6 glucose va BMI co y nghia théng ké (R = 0.983, P < 0.05; R = 0.909, P =
0.012) (Hinh 3.19).
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Hinh 3.19. Mbi twong quan gitta nganh Bacteroidetes, Proteobacteria vdi chi s6

glucose va BMI

Phén tich twong quan ciia cac chi ddi vai chi sd glucose mau va BMI ching

t6i thdy: trong s 21 chi thi 06 chi (Prevotella, Ruminococcus, Odoribacter,

Burkholderia, Faecalibacterium, Roseburia) c6 mdi twong quan nghich véi 2 chi s6

glucose va BMI nhung tat ca déu khong cé ¥ nghia théng ké. Trong 15 chi c6 mbi

turong quan thuan véi glucose va BMI, chi duy nhét chi Veillonella twong quan thuan
v6i chi s6 BMI (R = 0,853, P = 0,031) (Hinh 3.20) nhung twong quan v&i chi sd
glucose lai khong c6 ¥ nghia théng ké (R = 0,652, P = 0,160). Pay la chi vi khuan ky

khi gram am, c6 thé tré thanh mam bénh co hoi khi co thé suy giam hé mién dich. Chi

Lactobacillus, Bifidobacterium déu c6 twong quan thuan véi chi s6 glucose va BMI,

trong khi chi Faecalibacterium va Roseburia c6 twong quan nghich véi ca chi sb

glucose mau va BMI. Cac nghién ciru gin day cho thay chi Roseburia cé thé cai thién

hé sinh thai duong rudt va giam ty 16 mac bénh tiéu dudng.
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Hinh 3.20. Mbi tuong quan giita Roseburia, Veillonella véi chi sé glucose va BMI

Khi phan tich méi twong quan ciia 20 loai thi 8/20 loai c6 mdi twong quan

nghich vé6i glucose, 6/20 loai c6 twong quan nghich véi BMI. Trong s cac loai co

twong quan nghich nay thi 6/20 loai (P. copri, P. distasonis, Clostridium citroniae,

F. prausnitzii, B. unifomis, L. agilis) c¢6 twong quan nghich véi ca 02 chi s6 glucose

va BMI. Tt c4 céac loai c6 twong quan nghich véi chi s6 glucose va BMI déu khong

c6 ¥ nghia thong ké. Loai B. longum va Others twong quan nghich véi chi sb glucose

nhung lai tuong quan thuan voi chi sé BMI. Hai loai thudc chi Lactobacillus 1a L.

brevis va L. zeae khong phat hién duoc trong bat cir mau nao. Trong s cac loai co

tuong quan thudn voi chi sé glucose va BMI duoc phan tich thi c6 02 loai

Ruminococcus gnavus, V. dispar twong quan thuan va c6 y nghia thong ké véi chi sb

BMI nhung khéng c6 ¥ nghia thong ké véi glucose.
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Hinh 3.21. Méi tuong quan gitra R. gnavus, V. dispar véi chi s6 glucose va BMI

BMI 14 mét thude do tét ctia bénh béo phi. BMI ting 13 mot yéu td nguy co
ctia nhiéu bénh nhu ting huyét ap, thiéu mau co tim, dot quy, tiéu dudng, réi loan
hé hép...

Béo phi 12 mot tinh trang phirc tap chiu anh hudéng ctia nhidu yéu té nhu yéu to
di truyén, noi tiét va méi truong [206]. Hé vi sinh vat dudng rudt cé thé anh hudng
dén viée tang can va thay doi chuyén hoéa nang lugng. HE vi sinh vat duong rudt tiét
ra enzym dé phan giai cic polysaccharide ma co thé khong tiéu héa duoc, tao ra cac
monosaccharide dé co thé hap thu duoc; no kich hoat lipoprotein lipase trén biéu mo
rudt, tir d6 glucose va axit béo nhanh chong dugc hip thu, gop phan lam ting khéi
luong chét béo va ting can. Nhidu nghién ctru trén ca ddi twong nguoi va dong vat thi
nghiém cho thdy mdi lién hé dang ké giira su gia ting cia mot sé nhom vi khuén va
bénh béo phi. M6t sb nghién ctru phat hién ra rang chi Lactobacillus 13 loai vi sinh vt

chiém uu thé nhét trong phan cta nhitng nguoi thira cAn va béo phi [207]. Ngoai ra,
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ty 1€ Firmicutes (Lactobacilli) ting va Bacteroidetes gidm (Bacteroides) c6 li€n quan
dén béo phi. Loai vi khuan L. reuteri thuong xuyén duoc tim thdy & nhitng ddi trong
béo phi trong khi L. paracasei va L. plantarum c6 lién quan dén tinh trang gy [52].
Do nhiéu vi sinh vét khéng nudi cdy duoc nén viée phat hién bang cac cong cu phan
tir dua trén sy trong dong vé trinh tyr 16S rDNA rat c6 ¥ nghia. Tuy nhién, phuong
phap nay c6 thé phat hién ca nhirng vi sinh vat chét khong biéu hién tac dung trao doi
chét nén vai tro clia cia ching voi mot sé bénh can c6 nhitng nghién ciru sau hon.

O Viét nam, cic nghién ciru cia Lactobacillus va Bifidobacterium d6i voi
nguoi tiéu dudng van chua dugc biét dén, dic biét 1a nhom nguoi truong thanh. Bén
canh d6, ché do an udng va di truyén & cong dong ngudi Viét Nam khac véi cac dan
tdc khac nén co thé anh huong dén tinh trang cua hé vi sinh vat duong rudt. Dya vao
két qua nghién ciru cta ching t6i va cac nghién ciru khac s& 13 co s& dé phat trién cac
san pham hd trg cho diéu tri bénh tiéu dudng type 2 ¢ Viét Nam. Tuy nhién dé chic
chan méi lién quan gitra Lactobacillus va Bifidobacterium véi nguoi tiéu dudng type
2 thi cAn nghién ctru sau hon ddi v6i mdi loai cu thé cia hai chi vi sinh vat nay dé xac
dinh tinh loan khuan ciing nhu xé4c dinh liéu phap vi sinh cu thé cho nguoi méic bénh
tiéu duong type 2.

Céc nghién ctru trude day cho thay: L. acidophilus, L. gasseri, L. salivarius
ting & ngudi tiéu duong type 2. Trong khi lodi L. amylovorus lai giam & bénh nhan
tiéu duong type 2. Diéu nay chimg to tic dong chirc ning da dang dbi véi su trao doi
chét cta vat cha boi vi khuan tir chi ndy. Hon nita, mot sé loai tir chi nay ciing da
dugc thtr nghiém nhu ché phém sinh hoc. Cac nghién ctru thuc nghiém trén chudt cho
thdy hau hét cac tac dung c6 loi trén cac mo hinh cta chudt tiéu duong type 2 nhu L.
plantarum, L. reuteri, L. casei, L. curvatus, L. gasseri, L. paracasei, L. rhamnosus,
L. sakei. Ngoai ra, nghién ctru trén nguoi cho thay loai L. sporogenes, L. casei
Shirota, L. reuteri duoc sir dung nhu monoprobiotics dé cai thién bénh tiéu duong
type 2. Loai L. plantarum ciing dugc st dung nghién ctru chuyén sau va cho thay, L.
plantarum 1am giam chi sb glucose trong mau [208].

Pé nghién ctru vai tro cua chi Lactobacillus ching t6i da tién hanh phan lap
va dinh danh ciing nhu kha ning sdng ctia chung trong mét sé méi truong ma cac vi
sinh vat nay co thé trai qua khi dwa vao dudng rudt nham hd tro diéu tri mot s6 bénh

hién nay.
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3.3. Panh gi4 tiém ning wng dung Lactobacillus trong hd tre diéu tri bénh tiéu
duong type 2
3.3.1. Phan I3p Lactobacillus vi dinh gid hi¢u qud khdng khudn
3.3.1.1. Phan ldp Lactobacillus

Vi khuén lactic (LAB - Lactic Acid Bacteria) 1a nhém vi khuan an toan, Gram
duong, t& bao c6 dang hinh que hay hinh cau, khong sinh bao tir va khong di dong.
Vi khuan lactic ¢6 kha nang sdng sot trong diéu kién sinh truong & dai nhiét 4o rong
tr 15 dén 45°C, pH tir 3-11, bao gédm cac chi chinh Lactobacillus, Lactococcus,
Carnobacterium, Enterococcus, Lactosphaera, Leuconostoc, Melissococcus,
Oenococcus, Pediococcus, Streptococcus, Tetragenococcus, Vagococcus va
Weissella.

Nhirng loai nhu Lactobacillus acidophilus, L. plantarum, L. casei, L. casei
rhamnosus, L. delbrueckii bulgaricus, L. fermentum, L. reuteri, Lactococcus lactis
lactis, L. lactis cremoris, B. bifidum, B. infantis, B. adolecentis, B. longum, B. breve,
Enterococcus faecalis, va E. faecium 1a nhiing loai phd bién nhat thuong sir dung nhu
probiotic hitu ich cho ngudi [209]. Ngoai kha ning sinh acid hiru co, mot sé chung
vi khuan lactic con c6 kha ning sinh ra cac chét (rc ché vi sinh vat gy bénh nhu

diacetyl, hydroperoxyt, acetaldehyde va bacteriocin [210].

Hinh 3.22. Khuan lac vi khuan Lactobacillus phan 1ap tir miu phan ngudi
Bang phuong phap phéan 1ap va dém khuan lac, chung t6i thu duoc sb luong
chung Lactobacillus & nhém nguoi khoe manh 1a (3,9 + 1.2) x 10° CFU/g va ¢ nhom
bénh tiéu dudng type 2 1a (2.7 + 0.8) x 103 CFU/g. Nhu véy luong vi khuan thudc chi

Lactobacillus & nhém ngudi khée manh cao hon nhom bénh tiéu duong type 2.
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Tt nhitng két qua phan 14p vi sinh vat tir mau phan ctiia nhom déi tuong nghién
ctru, dd tuyén chon duoc 68 chung Lactobacillus ¢ khuan lac dang 16i 1én, min
(khong nhian), tring duc, khong mau, ria tron hodc x¢é thuy dong thoi co vong tan
CaCOs xung quanh khuan lac 16n va 13 rang.
3.3.1.2. Pdnh gid hiéu qua khdng khudn

E. coli va S. aureus 12 nguyén nhan phé bién gay ra cac bénh nhiém tring mic
phai tai cong dong va bénh vién, bénh cé thé dan dén tir vong néu khong duoc chira
tri dung cach va kip thoi. Cac nghién ctru gan day vé phan tich thanh phan loai trong
hé vi sinh vt dudng rudt cho thdy luong E. coli & ngudi mic bénh tiéu dudng type 2
cao hon so v&i nhitng nguoi khoe manh. Do vay, trong nghién ctru nay 2 ching kiém
dinh E. coli ATCC 11105 va S. aureus ATCC13709 duoc str dung dé danh gia kha
ning khang khuan so bo cia cac chung Lactobacillus tuyén chon. Trong 68 chung
Lactobacillus duoc phan 1ap, di tuyén chon dugc 17 ching khang ca 2 ching kiém
dinh, duong kinh vong khang khuan tir 5,2 dén 20,3 mm. Trong d6, 5/17 chung
Lactobacillus c6 kha nang khang manh ca hai chung S. aureus ATCC13709 va E.
coli ATCC 11105, duong kinh vong khang tir 16,3 mm dén 20,3 mm, d6 14 cac ching
Lactobacillus 02, 13, 15, 16, 17.
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Hinh 3.23. Kha ning khang khuan ciia ching Lactobacillus tuyén chon
Trong mdt nghién ctru khac vé kha ning we ché vi khuan gy bénh cua 20
chung Lactobacillus cho thdy 3 ching gdm Lactobacillus 1089, 1115 va 1141 c6 kha

ning khang tot nhit S. aureus véi dudng kinh vong khang 1én dén hon 20 mm [211].
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Nghién ctru ctia Y.H. Shim va cong su dd danh gia su e ché vi khuan E. coli cta 6
chung Lactobacillus bao gém L. gasseri, L. rhamnosus, L. acidophilus SNUL, L.
plantarum, L. paracasei, L. acidophilus (Antibio300). Nhom tac gia nay chi ra vung
trc ché trung binh cua tirng chung c6 sy khac nhau tuy nhién sy chénh 1éch khong 16n,
duong kinh vong khang trong khoang tir 10,5 mm dén 20,5 mm [212]. Piéu dang cha
¥, ca 17 ching duoc lya chon trong nghién ctru cta chung t6i déu c¢6 kha ning khang
t6t voi ca hai ching kiém dinh, dong thoi chiing ludn 6n dinh hoat tinh sau nhiéu lan
thir nghiém.
3.3.2. Xdc dinh cdc dic diém probiotics ciia Lactobacillus

- Kha nang chiu acid cua Lactobacillus

Chung Lactobacillus &c ché tic nhan gy bénh chi c6 gia tri nhu mot probiotic
néu chiing chiu duoc pH va mudi mat trong dudng tiéu hoa ciia nguoi. Trude khi dén
duong rudt, vi khuan probiotic phai ton tai trong moi trudng axit cta da day khoang 3
gio. Thong thudng pH trong da day khac nhau & mdi ngudi va dao dong 2,0 dén 4,0
[211]. Trong méi truong pH 2,0 ty 18 séng sot ctia 17 ching dao dong trong khoang
21 dén 96%. Trong d6 c6 8 chung bao gdm Lactobacillus 01, 02, 03, 04, 13, 15, 16,
17 ¢6 s6 té bao séng sot dao dong tur 82 dén 96%. Nhirng ching Lactobacillus 05, 06,
07, 08, 09, 11, 14 c6 kha nang séng sot thap & pH 2,0 dao dong tir 21 dén 50%.
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Hinh 3.24. Kha ning chiju acid cta cac chung Lactobacillus tuyén chon & pH 2
Két qua nghién ctru ndy tuong dong véi két qua nghién ciru ciia Jacobsen va
cong su (1999) khi nhom tac gia kiém tra su song sot ciia Lactobacillus sau 3 gio ¢
pH 2,5 [212]. Nghién ctu caa Ha Thi Thu (2020), sau 3h nudi ciy ¢ pH 3,0, ca 3
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chung Lactobacillus thir nghiém déu cé ty 1& song sét cao (95,27%, 94,15% va
98,54%) [213]. Nghién cttu cua Yan Bao va cac cong su ¢ pH 3 cua 90 chung
Lactobacillus phan Iap tir ngudn sita 1én men truyén thong cta ving dan toc thiéu sb
tai Méng C6 va Trung Qudc [214]. Két qua cho thay 35/90 ching sinh truéng tot &
diéu kién axit (pH 3,0). Mudi mét chung duoc sang loc thém tir 35 chung cé kha ning
chiu dung cao vai dich da day mé phong (pH 2,5 trong 3 gio). Trong do6 chi cd chung
F6 séng sot véi ty & 53,7% trong dich da day mé phong (pH 2,0). Trong khi két qua
nghién ctru ciia chung t6i 17 ching dugc thir nghiém vé kha ning song sot cao & pH
2 trong thoi gian nudi ciy 1a 3 gio, kha ning song sot giao dong trong khoang tir 21
dén 96% két qua nay c6 sy khac biét voi nghién ciru ciia Yan Bao va cong su. Day
c6 thé 12 do ngudn gdc chung nghién ctiru. Cu thé, cac chung Lactobacillus nay duoc
phan lap trong duong rudt ciia ngudi, do d6 chung ciing da ting chiu ap luc pH thip
trong da day vat chu va tré nén thich nghi v6i méi truong acid da day nén wu thé hon
cac loai Lactobacillus trong san pham 1én men.

- Kha ning chiu mudbi mat cta Lactobacillus

Kha nang dung nap mat dugc coi la mét dac tinh quan trong
cua Lactobacillus gitp né ton tai. Nong do mat trung binh trong rudt ngudi 13 0,3% nén
day 1a ndng do dung dé chon loc nhitng chung probiotic khang mat. Trong thi nghiém
ndy, sau 24 gio U trong mdi truong MRS ¢ bo sung 0,3% (w/v) mudi mat, tat ca 17
chung thir nghiém cho thay ty 1¢ song sot cao va twong doi dong déu gitra cac chung.
C6 16/17 chung co ty 1& séng sot dao dong trong khoang tir 90 dén 97,3% va duy nhat
1 chung Lactobacillus 06 c6 sd té bao séng sot thip hon véi 65,5% (Hinh 3.25).
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Chung c6 s6 té bao sdng sot cao trén 95% la Lactobacillus 04, Lactobacillus
09, Lactobacillus 16, Lactobacillus 17. Ching c6 s6 té bao séng sot thap nhat 1a
Lactobacillus 08, Lactobacillus 06, Lactobacillus 02. Kha ning chiu dung mudi mat
cao cua ching thé hién loi thé cho su ton tai cia nhitng ching Lactobacillus nay
trong dudng rudt. Mot sb minh chimg khang dinh cho gia thiét nay da dugc ching
minh béi tac gia Song va cong sy [215]. Ciing cung muc dich, d6i twong nghién ctru
nhung khac vé ngudn gdc phén lap ching, Song va cong su khi nghién ctru 10 chung
Lactobacillus duoc phan lap tir nhiéu ngudn khac nhau cho thay: 5/10 chung (chiém
50%) c6 kha nang chéng chiu hoan toan v&i mudi mat 0,3% bao gdm céc chung
Lactobacillus sp. JNU 8829, L. casei MB3, L. sakei MAJ9, L. sakei CH8, va L.
acidophilus [215]. Mt nghién ctru khac cling cung muc dich, khi nghién ctru kha
nang dung nap mat cua 28 chung Lactobacillus, thudc 3 loai L. plantarum, L. casei
va Lactobacillus delbruki duoc phan lap tir pho mat Koozeh, cho thdy co 27/28
chung phan 1ap khong c6 kha ning dung nap mudi mat va duy nhat chung L. casei
sdng sot duoc trong moi trudng mudi mat 0.3% [216]. Trong khi nghién ctru ctia Ha
Thi Thu thi hau hét Lactobacillus trong duong rudt ngudi déu c6 kha niang sinh
trudng tot trong moi treong bd sung 0,3% mudi mat, ty 16 séng sot dao dong tir 90-
99% [213].
3.3.3. Dinh danh vi khuin Lactobacillus

Tir nhitng két qua nghién ctru vé Lactobacillus trong duong rudt ciia ngudi bi
bénh tiéu duong. Trong s6 17 chung, ching t6i di xac dinh dugc 3 chung
Lactobacillus 17, Lactobacillus 16, Lactobacillus 13 hoi tu dugc ca 3 dac tinh
probiotic quy. Do d6, chiing toi lira chon 3 chuing nay cho cac nghién ctru vé dinh loai
dén loai. Bing cap moi 27F/1492R da khuéch dai duoc doan gen 16S rRNA c6 kich
thude khoang 1500 bp (Hinh 3.26A). Trinh tu gen ciia 3 chiing duoc so sanh ddi chiéu
v6i dit liéu ngudn gen va phan tich bang BLAST trén GeneBank. Két qua ca 3 chiing
Lactobacillus 17, Lactobacillus 16, Lactobacillus 13 c6 d¢ tuong dong lan luogt 1a
99,93%, 99,93% va 100%, voi loai L. plantarum trén GenBank. Cay phat sinh ching
loai duoc xay duyng bang phin mém MEGA7 so sanh va phan tich vé trinh ty
nucleotide chung Lactobacillus 17, Lactobacillus 16, Lactobacillus 13 véi cac loai

tuong dong vé thanh phan loai trén GenBank (Hinh 3.26B). Két qua da chi ra ca 3
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chung Lactobacillus 13, Lactobacillus 16, Lactobacillus 17 déu thudc vé loai L.

plantarum va ki hiéu L. plantarum 13, L. plantarum 16 va L. plantarum 17.

Lacfobacillus 16
Lactobacilius plantarum strain JCM 7749(2)

Lactobacilius plantarum strain NBRC15891
Lactobacilius planfarum strain CIP 103151(2)
Lactobaciilus 17
g0 || Lactobacilius plantarum strain CIP 103157
Lactobacilius plantarum strain NBRC 15891
81 Laclobacilius planfarum strain NRRL B-14768
- Lactobacilius 13
Lactobacilius brevis strain ATCC 714869
—54‘{ Lactobaciilus rapi strain YIT 11204
Pediococcus claussenii strain ATCC BAA-344
% | Pediococcus parvulus strain NBRC 100673
9 | Pediococcus parvulus strain S-182
Lactobacillus sakei strain NBRC 15893

1500 bp

--
-—

A B
Hinh 3.26. A. San pham PCR cua 3 chung: M: Maker, 1: Lactobacillus 13; 2:
Lactobacillus 16; 3: Lactobacillus 17. B. Cay phat sinh chiing loai

Nghién ctru cu thé vé kha nang khang khuan va song sot trong mdi truong pH
2, mubi mat 0,3% cua 03 chung L. plantarum 13, L. plantarum 16 va L. plantarum
17, chung toi thay chung L. plantarum 16 wu thé hon 02 chung con lai. Vi vay, trong
thi nghiém tiép theo chung t6i sir dung chung L. plantarum 16.

L. plantarum 1a vi khuan lactic rat hitu ich, duoc tim thiy trong thuc pham lén
men, trong duong rudt cua nguoi va dong vat. Hién nay, L. plantarum duoc str dung
phd bién nhu probiotic hd trg trong viée diéu tri ching ri loan tiéu héa ¢ ngudi va
dong vat. Pang chu y, chung L. plantarum 17, L. plantarum 16, L. plantarum 13
dugc phan 14p tir bénh nhan tiéu dudng type 2 ¢ Viét Nam. Chung ndy c6 kha ning
khang khuan t6t v6i hai ching kiém dinh thir nghiém dong thoi séng sot cao trén
90% trong diéu kién acid thap pH 2 va mudi mét 0,3% sau 3 gid nudi cdy. Nhiéu
nghién ctru gan day cho thay L. plantarum cai thién chuyén héa va 1am giam glucose
trong mau [208]. Két qua nay goép phan hitu ich nhdm dinh hudng tng dung ching
trong viéc tao thyc pham bo sung gitp ting cudng mién dich trong phong va hd trg
diéu trj bénh tiéu duong.

Nghién ctru cta Lee va cong su cho thay, khi str dung L. plantarum HACO1
trong diéu trj bénh tiéu duong da 1am giam dang ké lugng duong va HbA 1¢ trong méu,

d6ng thoi cai thién kha ning dung nap glucose va tinh trang khang insulin [217].
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3.3.4. Pdnh gii hiéu qui ting tiét GLP-1 vi dung nap sucrose trén chugt ciia
L. plantarum 16
3.3.4.1. Hiéu qua tang tiét GLP-1 trong huyét thanh

Mirc GLP-1 giam déng ké va c6 y nghia théng ké (p < 0,01) di dugc quan sat
thiy & nhom chudt bj tiéu dudng khong duoc diéu tri so v6i nhom chudt khoe manh.
B sung Liraglutide cho chudt bi tiéu duong, sau 4 tuan diéu tri, mirc GLP-1 ting dang
ké (p <0,01). Pac biét, khi cho chudt tiéu duong sir dung L. plantarum 16, sau 4 tuan,

muc GLP-1 tang tuong duong so v&i nhom dung Liraglutide (Hinh 3.27).

B Chudt khée manh B Chuot tiéu dwong
B Chu6t tiéu dworng + L. plantarum 16 m Chuot tiéu dwong + Liraglutide
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Hinh 3.27. Nong d6 GLP-1 trong huyét thanh chudt khi két thic thir nghiém

Viéc diéu tiét cac hormone, sinh 1y ruét cua vi khuan duong rudt va cac chat
chuyén hoa ctia chiing mang lai mot phuong phap méi dé hd trg siac khoe dudng ruot
cling nhu ciia co thé. Ching t6i dd hudng muc tiéu dén hormone incretin, GLP-1, do
tac dong ciia hormone nay ddi véi viéc giam dudng huyét va ting cam giac no, duoc
mo ta chi tiét trong nhitng nghién ciru gan ddy. That vay, diéu tri bénh tiéu duong type
2 bang cac chat chu van thy thé GLP-1, bao gom exenatide va liraglutide duoc FDA
chap thuan, da ching minh giam dang ké tinh trang ting duong huyét, HbAlc [218].
Céc nghién ciu trude day da xac dinh hé vi sinh vat duong rudt rat quan trong trong

viéc diéu hoa bai tiét GLP-1, mic du co ché hoat dong va céc vi khuan chiu trach
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nhiém cho hoat dong nay van chua dugc xac dinh rd rang [219]. Trong nghién cau
nay, lan dau chiing t6i hudng dén viéc xac dinh cac chung vi sinh vat c6 kha niang thiic
day bai tiét GLP-1.
3.3.4.2. Hiéu qua dung nap sucrose

Sau 4 tuan, thir nghiém dung nap duong sucrose dugc thuc hién va chiung toi
nhan thiy mutc dudng huyét tdi da dat duoc sau 60 phut. Mirc dudng huyét ciia nhom
duoc diéu trj vai L. plantarum 16 cao hon mot chit so voi nhom dugce diéu tri bz"mg
Liraglutide. Mitc d6 glucose cao hon dang ké (p < 0,01) & chudt bi tiéu dudng khong
dugc diéu tri so voi chudt duge diéu tri bang L. plantarum 16 (Hinh 3.28). Chudt
duogc diéu tri bang L. plantarum 16 hay Liraglutide cho thay mirc d6 glucose da giam

dang ké sau khi thir nghiém dung nap dudng sucrose (2 g/kg thé trong).
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Hinh 3.28. Anh huéng cua diéu tri ¢én ndng do glucose trong mau cia chudt sau
khi udng sucrose

Nhiéu nghién ctu cho thay loi ich cua lgi khuan Lactobacillus nhu hoat dong
chdng khéi u, hoat ddng khang khuan, cai thién hé thdng mién dich va khéi phuc hé
vi sinh vat duong tiéu hoa sau khi stir dung khang sinh [220]. Tac dung ha duong
huyét dang ké ¢ chudt tiéu duong thong qua viée tang cuong giai phong GLP-1 va
cai thién chtrc ning té bao B tuyén tuy khi st dung nhitng chung Lactobacillus khac
nhau da dugc Manaer va cong sy nghién ctu [221]. Nghién ciru trude ddy cho thiy
diéu tri voi L. plantarum don 1¢ hoic két hop (liéu duy nhat hang ngay 1.0 x 107

CFU/mL) gilp giam cing thang va chdng lai tinh trang ting duong huyét [222].
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B6 sung Lactobacillus duoc chizng minh 1a ¢6 kha ning chdng bénh tiéu duong
& loai gam nham. Nghién ciru trén ngudi dung nap glucose kém cho thay L. reuteri
gilp cai thién su bai tiét incretin va insulin [223]. Theo Panwar va cong s, cac ching
Lactobacillus khac nhau nhu L. rhamnosus GG, L. casei, L. acidophilus, L. plantarum
va L. reuteri déu 1am giam muc glucose mau hoic cai thién tinh trang khang insulin
& chuot tiéu duong [224]. Thi nghiém bé sung L. plantarum 16 bén tuan cua ching
t6i cling cho thay loi khuan nay lam giam dang ké mirc glucose mau & chuét bi tiéu
duong. Két qua nay cho thay, chinh Lactobacillus cd thé dugc coi 1a mét tng cir vién
hd tro diéu tri cho bénh tiéu duong type 2.

Chung t6i dua ra gia thuyét rang viéc udng L. plantarum 16 c6 thé dan dén sy
thay d6i mac do hormon GLP-1. Chung t6i da do mic do cia GLP-1 trong huyét
thanh. Sau 4 tuan thir nghiém, ching t6i nhan thay rang hormone GLP-1 da giam déng
ké & nhdm chudt tiéu duong do streptozotocin gay ra so voi nhom ddi ching. Nhiing
két qua nay chang minh raing mitc d6 GLP-1 ting 1én twong quan vdi tac dung chuyén
hoa co loi cua L. plantarum 16. Mot s6 nghién ciru da chi ra rang diéu tri bang probiotic
lam ting cudng tiét hormon incretin ¢o lién quan dén viéc taing maic hormon insulin
bang céch phuc hdi cac tiéu dao tuyén tuy do hoat dong chéng oxy hoa, tai tao GLP-
1 va su bai tiét GLP-1 lién quan dén sy diéu hoa caa hé vi sinh vat duong rudt [225].
Trong nghién ctru nay, ching t6i da phat hién ra, s dung L. plantarum 16, lam tang
muc GLP-1 va lam ha duong huyét ¢ chuét bi tiéu duong.

Céc nghién ciru trude day da xac dinh hé vi sinh vat duong rudt 1a thanh phan
quan trong trong viéc diéu hoa bai tiét GLP-1, mic du co ché hoat dong va cac vi
khuan chiu trach nhiém cho hoat dong nay van chua duoc xac dinh rd rang [226].
Trong nghién ctiru nay, lan dau tién ching toi kiém tra kha ning thiic day bai tiét GLP-
1 cua chung vi sinh vat ¢6 nguon géc tir nguoi Viét Nam.

Loi khuin probiotic dugc dinh nghia 13 vi sinh vat séng mang lai loi ich stc
khoe cho vat chii ctia chiing khi duoc st dung véi lyng vira da. Nhiéu nghién ctu khac
nhau di chi ra nhitng loi ich caa loi khuan Lactobacillus nhu hoat dong chong khdi u,
hoat dong khang khuan, cai thién hé thng mién dich va khdi phuc hé vi sinh vat duong
tiéu hda sau khi str dung khang sinh. Manaer va cong su da bao cao tac dung ha duong
huyét dang ké & chuot tiéu duong thdng qua viée ting cudng giai phong GLP-1 va cai

thién chirc ning té bao B tuyén tuy khi sir dung nhirng chung Lactobacillus khac nhau



98
[227]. Nghién ctru trude day cho thiy diéu tri véi L. plantarum don 1é hoic két hop
Vi cac loi khuan khac gitp cai thién tinh trang cang thiang, chéng oxy hda va chong
lai tinh trang ting dwong huyét [228]. Trong nghién ciru nay chiing toi da phat hién ra,
sir dung L. plantarum 16 lam ting mic GLP-1 va lam ha duong huyét & chuét tiéu
duong. Chung t6i dua ra gia thuyét rang viéc udng L. plantarum 16 c6 thé dan dén
thay d6i hormon GLP-1 theo chiéu huéng ting. M6t s6 nghién ciru da chi ra rang diéu
tri bang probiotic 1am ting tiét hormon incretine c6 lién quan dén viéc ting mirc
hormon insulin bang cach phuc hoi céc tiéu dao tuyén tuy do hoat dong chéng oxy
hoa, tai tao GLP-1 va su bai tiét GLP-1 lién quan dén sy diéu hoa cua hé vi sinh vat
duong rudt [226]. Nghién ciru ciia chling t6i cho thay, trong luong co thé dd giam dang
ké & nhém chuot ticu duong, su giam trong lwong dot ngot nay cé thé do su phan giai
lipid trong mo co vi lipid tham gia vao qua trinh tao dwong mai. tuy nhién, trong luong
co thé chudt da tang 1én dang ké sau 04 tuan diéu tri bang ching L. plantarum 16. Co
ché hd trg diéu tri bénh tiéu duong c6 thé lién quan dén ting muc insulin, tir d6 cai

thién viéc kiém soat dudng huyét va ngian ngira giam can.
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KET LUAN VA KIEN NGHI

KET LUAN

1. Panh gia su thay doi hé vi sinh vat duong rudt giira 2 nhom nghién ciu,
nhém nit d6i ching c6 sé lwgng OTUs phong phti hon nhém nit tiéu dudng type 2
(trung binh 1a 288 va 214 twong tng). Trong khi phan tich nhom nam gidi thi nhitng
ngudi mic bénh tiéu duong type 2 c6 OTUs phong pht hon nhom khong méc bénh
tiéu dudng type 2 (trung binh 13 252 va 217 twong tng).

O nhoém nam gioi, $6 lugng trinh tu doc tap trung & ba nganh (Bacteroidetes,
Firmicutes, Proteobacteria), trong d6 nganh Proteobacteria 1a c6 su khéc biét gitra 2
nhém (p = 0,021). Phan tich sy khac biét cua chi va loai, chi ¢6 1 chi va 2 loai khac
biét nhau c6 ¥ nghia thong ké.

Phén tich thanh phan loai & nhom nit gidi, s6 lugng trinh ty doc tap trung &
bén nganh (Bacteroidetes, Firmicutes, Proteobacteria va Fusobacteria) va chiém
>08,56%. Trong s6 4 nganh chiém wu thé, chi duy nhat sy khac biét ciia nganh
Fimicutes 1 c¢6 ¥ nghia théng ké. Phan tich su khac biét ctia chi va loai thi thiy c¢6 9
chi va 4 loai khac biét nhau giira 2 nhém va c y nghia thong ké.

2. Phan tich mdi lién quan cua vi khuan duong rudt véi mot sd chi s6 ding
chan doan va tién luong bénh tiéu duong type 2 chung toi thay:

O nit gidi, nganh Actinobacteria trong quan nghich véi chi sb glucose, 4 nganh
(Firmicutes, Lentisphaerae, Synergistetes va Others) twrong quan nghich vgi BMI va
déu c6 y nghia théng ké. Poi véi cac chi, ¢o 3 chi twong quan nghich glucose va 6
chi trong quan nghich BMI ¢6 ¥ nghia thdng ké, trong d6 2 chi (Ruminococcus,
Butyricimonas) twong quan nghich véi ca 2 chi s6 va déu c6 y nghia thong ké.

O nam gidi chi c6 nganh Proteobacteria twong quan thuan véi ca hai chi s6
glucose va BMI 14 c6 y nghia théng ké. Déi véi cac chi, chi cé chi Veillonella tuong
quan thuan véi BMI ¢ y nghia thong ké. Phan tich tvong quan ¢ mic do loai, nhom
nt c6 2 loai twong quan nghich véi BMI ¢6 y nghia (Ruminococcus callidus,
Ruminococcus biforme) va 01 loai trong quan thuan va c6 ¥ nghia véi ca 02 chi s6
(P. distasonis); & nam gidi khong c6 loai nao twong quan véi glucose ¢ ¥ nghia thong
ké nhung c6 02 loai twong quan thuén véi BMI va c6 ¥ nghia théng ké (R. gnavus, V.
dispar).

3. Phan lap vi khuan c6 kha ning lién quan dén bénh tiéu duong type 2 va danh
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gia kha ning giam duong huyét cua ching vi khuan phan 14p trén chudt thi nghiém
cho thay:

C0 03 chung Lactobacillus 17, Lactobacillus 16, Lactobacillus 13 héi tu dugc
cac dic diém quy cua vi khuan probiotic, va 03 ching ndy déu thudc loai L.
plantarum. Nghién ctru vé kha ning sdng sot trong méi trudng pH 2, mudi mat 0,3%
va khang khuén cua 03 chung Lactobacillus 17, Lactobacillus 16, Lactobacillus 13,
chung t6i thdy ching L. plantarum 16 vu thé hon 02 ching con lai. Thir nghiém L.
plantarum 16 trén chudt trong thoi gian 4 tuan, da lam tang mac GLP-1 va ha glucose
méu & chudt bi tiéu duong.

KIEN NGHI

Nghién ctru tiép trén luong mau bénh nhan 16n hon dé cac két qua thu dugc co

do tin cdy cao hon.
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6.304% 8 .26%

caccae

O Kingdom 0.119%,0.15%
o coprophilus

O Phylum 0.000%,0.00%
[— . eggerthii

. Class 0.653%,0.82%

Bacteroidaceas Bacterold:
7 595% 71 94% 57 508%. 71 B4t fragilis

1.292%,1.61%
O Family
4. ovatus
0.878%,1.10%
Bacteraidstes Bacteroidia Bacteroidales plebelus
. 58.105%,72.67% 58.105%.72 57% 105%.72 §7% 14.6689%,18.60%
. Species \_/
. uniformis
4.331%,5.41%

copri
Prevotellaceae Prevatella 0.484%,0.60%
0.505%.0.63% ¢y 0.505%,0.63%

stercorea

0.000%,0.00%

Lachnospira
0.878%,1 10%

10 sas?f?%“sﬁ. faecis
0.007%,0.01%

Lachnospirace.
13.738% 17.16%

Spinereeis
15%,2.52% gnavus
. . 0.569%,0.71%
i S 8 bbse TeRAR N prausnitzii
SBOag;eOr;/?: C . 5721%,7.15%

100.00%

@ 7%
1.193%,1.49%

T e, 021156 365 a
26% . @ @ dispar
0.1819%,0.20%
Fusobacteria Fusabacteriia Fusobacterial Fusobacts
0.119%,0.15% 0.119%.0.15% g 071890 159 o V159 6. 15% @ Fusobacterium
O 0.119%,0 15%
Proleabacieria Enterobactariales Enterobacteriaceas Escherichia

0.983%,1.23% ¢ "R . 05835 1.23% . 0.983%.1 z,mo 0.983%,1.23% coli
p— . . 0.983%,1.23%



Bacteria
47.638%
100.00%

Bacteria
84.921%
100.00%

C

. caccae
0.407%,0.85%

coprophilus
0.000%,0.00%

——

» €ggerthii
0.035%,0.07%

Bacteroidaceae
40.576%.85 18%

Bacteroides
20.576% 85 16%

fragilis
0.456%,0.96%

. ovatus
3.257%,6.84%
Bactercidstes Bacteroidia Bacleroidales . plebeius
41.053%.86.18% ( ) 41053% 86 18% . 41.053%.86 16% . 0.814% ,1.71%

. uniformis
2.134%.4.48%

copri
Prevotellaceae Prevotella 0.442%,0.93%
0.477%.1.00% O 0.477%.1.00%

o Stercorea
0.000%,0.00%

Lachnospira
1.165%,2 45%

1 ?25'?52%%!2 faecis
) @ 0.000%,0.00%

Lachnospiraceae
4731%.9.93%

Ruminococcus
1.839%.3.86% . gnavus
. 0.365%,0.77%
Faecalibacterium

'} Firmicutes Clostridia Clostridiales 0.597%.1.25% prausnitzii
/931 %.12 56% ( ) 5981% 12 56% . 5981%.12 M.ummcoccaceae @ @ 0.597%.1.25%
1.158%,2.43%

Oscillospira
0.562%,1.18%

C

veillonellaceae Veillonella
091%.0.19% 0.091%.0.19% dispar
0.077%,0.16%
Fusobacteria Fusobacteriia Fusobacterial
0.344%.072% (y 0344%072% g 034450 2% TUTRREE SR @ Fuscbacterum
~ ~ 0.344%.0.72%
Droteobacteria Gammaproteobscteria ales o 2%35“%”%'&}“ '
55% LEEEAEL I 0.260%.055% () 0 260% 0 55% () A A coli
® e 0.260%,0.55%

e Caccae
0.1129%,0.13%

coprophilus
0.000%,0.00%

I

eggerthii
0.098%,0.12%

Bacteroidaceas Eactercid
oS Shan Srarve () sesBiETET fragilis
6.795%,8.00%

4’ ovatus
2.310%.,2.72%

Bactercidstes Bacteroidi Bactercidal @ plebeius
70.109%.82.56% ( ) 70 105%.85 56% . 70 105%.52 6% . 0.449%.0.53%

Y uniformis
0.288%,0.34%

copri
Prevotellaceae Prevotella 0.555%.0.65%
0.751%.0.88% O 0.751%.0.88%

stercorea

0.197%,0.23%

Lachnospira
0.590%,0.69%

Roseburia
1.580%.1.86% ‘ faecis
0.000%,0.00%

Lachnospiraceae
2.857%.3 36%

Ruminococcus
0.688%,0.81% gnavus
. ® 0.421%.0.50%

Faecalibacterium

1.257%.1.48% . . prausnitzii
1.257%,1.48%

Firmicutes Clostridia Clostridiales
}595% 6.59% ( ) 5.595%.6.59% . 5.585%,6.59% .

uminococcaceae
1.867%,2.20%

Oscillospira
0.611%,0.72%

Veillonellaceae Veillonella

0.870%.1.03% ¢~ 0.870%.1.03% . ° dispar
~ 0.112%,0.13%

Fusobacteria Fusobacteriia Fusobacterial F iaceas
0.063%.0.07% 0.063%.0.07% 0.063%.0.07% 0.063%,0.07% Fusobacterium
0.063%.,0.07%

Proteobacteria Escherichia

9.154%,10 78% (7 ) TTTEREEEEE ek kv 9154%.10.78% coli
ANy 9.154%,10.78%



D5

O Kingdom
O Phylum
. Class
. Order

Bacteroidaceae
44.303%,66.70%

. caccae
4.135%,6.22%

o coprophilus
0.105%,0.16%

® eggerthii

fragilis

O Family
. Genus

actercidetes Bacteroidia Bacteroidales
i 44 5805 G 515 44.350%.6681% 44.380% 56.61%
Species

0.077%.0.12% ~ 0.077%.0.12% &

Lachnospiraceae

0.168%,0.25%
/‘\ Bat.lem'di.
44,30 0%

- @

copri
0.042%,0.06%

0.063%,0.10%

ovatus
3.061%,4.61%

plebeius
0.505%,0.76%

uniformis
4.324% 6 51%

— ]

Prevotellacsae Prevotella
5,

stercorea
0.028%,0.04%

L —

Lachnospira
0.751%,1.13%

Roseburia

2.906%.4.38% faecis

Firmicutes Clostridia
9%.9.05% () 6.009%.5.05%
p—

oo

O

Bacteria
66.423%

Clostridiales
. 6.009%,9.05% .

uminococcaceae
2.317%.3.49%

eburi
0.913%.1.37%
. 0.000%,0.00%

Ruminococcus
1.243% 1.87% gnavus
0.948%,1.43%

LA ) @

prausnitzii
0.913%,1.37%

100.00%
Oscillospira
1.404%.2 1%
Veilloneliaceae Veillonella .
786%.1.18% /\ 0.786%.1.18% . dispar
0.512%,0.77%
Fusobacteria Fusobacteriia Fusobacteriales Fuschastenscass
14.216%.21.40% ( ) 14.216%.21.40% . 14.216% 21.40% ‘ 45 5a1 «m( ) . Fusobacterium
14:216%,21.40%
Proteobacteria s raroxzoisizcne Escherichia
1.818%,2.74% () TTHERETEE . o o . ittt O 1.818%,2.74% . coli
1818% 2.74%
caccae
. @ o o
O Kingdom 0.253%,0.35%
coprophilus
O Phylum 0.000%,0.00%
Class @@ 29921th
. 0.400%,0.55%
Bacteroidaceae acteroides |
. Order 26.009%.35 75% () 260005 5574 @ fregiis
_/ 0.379%,0.52%
O Family . ovatus
0.807%,1.11%
. Genus
Bacteroidetes — I @ Plebeus
26.037%.35. 79% 26,0375 SE 265 250574 55 200 0.281%,0.39%
. Species
e — unifarmis
0.344%,0 47%
copri
Prevotellaceae Prevotella 0.000%,0.00%
0.028%.0.04% 0.028%.0.04%
stercorea
0.000%,0.00%
Lachnospira
15.409%,21.18%
Lachnospiraceas Roseburia )
27.666%.38.03% 0.674%.0.93% (@) faecis
0.000%,0.00%
Ruminococcus
11.583%.15.92% gnavus
11.204%,15.40%
; Firmicutes NSO itzi
Bacteria 2 916%.42 50% () 30916653 568 30 91a% 45 0% - - @ @ 8’2@25}; 0”33%
72.748% _/ \_/ ) ’
100.00%
Oscillospira
0.730%,1.00%
Vellonsiiacese Veilionella
16%.2.63% ¢ ) 1.916%.2.63% . dispar
O 0.765%,1.05%
Fusobacteria Fusobacteriia Fusnnactena\es Fusobacteri;
0.063%,009% , 0063%009% 063% 0 09% T 085%.0.05% Fusobacterium
0.063%,0.09%
Protecbacteria iarobastarains Escherichia
5.732%,21.63% 15.732%.21.63% 15.732%,21.63%

coli
15.732%,21.63%



O
\‘

Kingdom

Phylum

Class

Order

Family

Genus

Species

0000000

Bacteria
78.708%
100.00%

C

. caccae
0.477%.0.61%

coprophilus

0.028%,0.04%

@ eggerth

i
0.246%,0.31%

Bacteroidaceas Bactersides
54 208%.68.87% O 420 % . =) fragilis

0.449%.0.57%

‘ ovatus
1.453%,1.85%

Bacteroidetes Bacteroid Bactercidal plebeius
58.091%.73 80% ( ) 55.001%.73 80% . 58.08150.73.50% . 13.506%.17.16%

. uniformis
1.544%,1.96%

copri
Prevotellaceae Prevotella 3.440%,437%
3.882%,4.93% (7 ) _3.882%.4.93%

p—y

stercorea
0.253%,0.32%

Lachnospira
1.509%,1.92%

Roseburia )
5.932%.7.54% . faecis
0.000%,0.00%

Ruminococcus
0.730%.0.93% .

Lachnospiraceae
8171%.10.38%

@ gnavus
0.421%,0.54%
Faecalibacterium
8273%,11.78% prausnitzii
9.273%,11.78%

Firmicutes Clostridi Clostridiak
Y e 20 oSS _
, O minscoccaceas
11.716%,14.89%

Oscillospira
2.443%.3.10%
Veillonellaceae Veillonella :
0204%.0.26% y 0.204%.0.26% @ @ dispar
~ 0.204%,0.26%
Fusobacteria Fusobacteriia Fuscbacteriales Fusobacteriaceae
0.000%,0.00% 0.000%.0.00% 0.000%,0.00% 0.000%.0.00% Fusobacterium
0.000%,0.00%
Protecbacteria Escherichia
05278 067% —~ “EETE @ b7 i © RIS o) 0s2r%067% @y @ <
~ e 0527%,0.67%



IX
Phu luc 3: Cay phan loai phirc hé vi sinh vat trong mau phan ctia nam gi6i khong mac
bénh tiéu dudng

C8

caccae
O Kingdom 0.267%,0 36%
. coprophilus
O Phylum 0.000%,0.00%

— @ =agerthii
0.091%,0.12%

. Class
. Order fragilis
3.320%,4.43%

O Family ovatus
. 5.384%,7 19%
. Genus

) Bacteroidetas Bacternidia Bactersidsies e ) g‘gggwjo 5%
Species
. uniformis
8.066%,10.77%

copri
Prevotellaceae Frevotella 0.990%,1 32%
1.046%.1.40% ¢y 1.046%,1.40%

Bacteroidaceae Baotaroides
2 166%.69.64% 52 166%.68 64%

&:

stercorea
0.035%,0.05%

Lachnospira
0.604%,0.81%

Lachnospiraceae
2 282%,3.05%

Roseburia £
1.404%.1.87% aecis
. 0.000%,0.00%

Ruminococeus
0.274%.0.37% ghavus

0.070%,0.09%

Faecallpacterium
18.182% 24 27%

prausnitzii
18.182%,24.27%

Bacteria (7 D) socn IS o Ciann s
74.910% o U gy e

100.00%

minococcaceae
19.1686%.25.61%

Oscillospira
1.004%,1.34%

Veillonellaceae Veillonella
0.028%.0.04% 0.028%.0.04%

dispar
0.028%,0.04%

Fusobacteria Fusobacteriia Fusobacteniales Fusobacteriaceae
0.000%,0.00% _,  0.000%.0.00% 0.000%,0.00% 0.000%.0

. Fuscbacterium
0.000%,0.00%

Escherichia
0.204%.0.27% coli
@ ® 0.204%,0.27%

Protegbacteria Gammaprotechacteris Entarobactariales Enterobacteriaceae
0.204% .0 27% e~ 204%0.27% gy 0.204%.0.27% gy 0.204%,0.27% =~

0
©

. caccae
Kingdom 0.140%,0.22%

@ coprophilus
Phylum 0.035%,0 06%

eggerthii
Class @; 716%,1.13%
Bacterold: actercides i
Order 12.503%,15.68% 12.503% T8 8% fragilis
0.442%,0.70%

0000000

Family
. ovatus
0.702%,1.10%
Genus
Bactarolidet acteroidia sctarcidates 4. plebeius
_ 43551556355 ) az.0starieras a3 SR 0.976%,1 54%
Species A

. uniformis
1278%,2.01%

copri
25.539% ,40.19%

Prevotsllaceas "
30.888%.48 61% Rt

stercorea
5209%,8 20%

Lachnospira
0.835%,1.31%

faecis
0.000%,0.00%

Ruminococcus

0.555%.0.87% . . anavus
0.218%,0 34%

Crmiciies F R T A t
65335‘2;?5 C}mmma_o 19384 C‘“E:Eg. 1035 lates : . praveriz
. o

100.00%

Oscillospira
3.938%,6.20%

veillonellaceas Veillonella

0.049%.0.08% 0.049%,0 08% dispar

0.028%,0.04%
Fusobacteria Fusobacteriia Fusobacteriales Fusobacteriaceae
0.007%,0.01% 0.007%,0.01% 0.007%,0.01% 0.007%.,0.01% Fusobacterium

0.0079%,0.01%

Proteobacteria Gammagrotecbacieria Enterabactoriales Entoronacteriacea Escherichia

0.786%.1.24% ( ) D750, 2 3. 0.786% 1.2 h. 0.786%.1 ;43( ) 0.786%.1.24% . . coli
0.786%,1 24%



Bacteria
78.821%
100.00%

C

Bacteroidetes
68 305%.86 66%

Firmicutes

il Il
}000% 11429 N 9.0005 ??Tgi.
_/ N

Fusobacteria
0.000%,0.00%

Fusobacteriia
0.000%,0.00%

Clostidiales
9.000%.11.42% .
luminococcaceae
6.767%.,8.59%

Fusobacteriales
0.000%,0 00%

. caccae
2.534%,3.22%

o coprophilus

0.000%,0.00%

eggerthii
0.014%,0.02%

e

fragilis
1.551%,1.97%

ovatus
0.211%,0.27%

4.

e

plebsius
31.730%,40.26%

uniformis
0.330%,0.42%

S e

copri
Prevotella 0.372%,0. 47%

Prevotellaceae
0.498%.0.63%

stercorea
0.063%,0.08%

Lachnospira
1.081%,1.37%

Lachnospiraceae Roseburia
71 % ¥ faecis

0.000%,0.00%

Ruminococcus
4]

541%.0.69% gy
Fascalibacterium
5 646%,7 54_?/,_.

gnavus
@ 0.147%,0.19%

Oscillospira

0.821% .1 04%

prausnitzii
5939%,7.53%

Veillonella

Veillonellaceae

0.161%.,0.20% »~ 0.161%.020%
O

dispai

r
@ 0.161%,0.20%

Fusobacteriaceae
0.000%.0.00% Fusobacterium

Gammaprotesbactars

Protecbacteria
1.516%,1.92% 1.510%,1.03%

Enterobacteriales

0.000%,0.00%

Escherichia

)
p—

1.516%, |.ﬂ.

TR () 1 sien 5 gy

. coli
1.516%,1 92%
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Phu Iyc 4: Cay phan loai phtrc hé vi sinh vét trong mau phin cta nam gidi méc bénh

tiéu duong type 2
D8
O Kingdom

Bacteroldaceae Bacteraides
% 1% 4

Prevotella
0.562%,0.98% »~, 0.562%.0.98%

Prevotellaceae

caccae
0.281%0,0.49%

——.

coprophilus
0.000%,0.00%

@

fragilis
0.161%,0.28%

4.
e

4.

=

eggerthii
2.450% .4 29%

ovatus
2.527% 4.42%

plebeius
0.653%,1.14%

uniformis
1.923%,3 37%

copri
0.414%,0.72%

Lachnospiraceae Roseburia
8.431

%.14.75%

stercorea
0.035%,0.06%

Lachnospira
4.100%.,7 17%

faecis

Ruminococcus
0.800%.1.40%

3.531%,6.18% .

0.000%,0.00%

gnavus

0.646%,1.13%

i Firmicutes i i 5;%:234‘3%55262‘;»'2 itzil
Bacteria (7 3y skl i B 2o sl . . prausnz
57.150% \__/ hinpeeceess
100.00%
Oscillospira
0.765%,1.34%
FUEETR ~ 0s18% 601 d
o, 960, ispar
~ - ‘ @ 0 4%5%,0 80%
Fusobacteria Fusobacteriia F iales
0.084%,0.15% 0.084%.0.15% g 0.084%.0.15% o 0.084%,0.15% © Fusobacterium
e = = 0.084%,0.15%
Proteobacteria Escherichia
Fretecbacterna Gammaprateabacteria Enterobacteriales Enterobacteriaceas 05T B A% g @
0.463%,0.81%
caccae
. —  ° o,
O Kingdom 0.084%,0.12%
coprophilus
o Phylum 0.000%,0.00%
« eggerthii
. Class 0.063%,0.09%
Bacteroldaceas " -
. Order 59.502%.87.14% O 59,5095 8714 o fragilis
© 0.183%,0.27%
O ramiy
e
0.204%,0.30%
. Genus
Bacteroidet, actersidia ac plebeius
_ 60.091%.68.00% () s 0o EEE 50 681%. . 36.202%.53.02%
. Species \./

@ uniformis
0.541%,0.79%
copri

Prevotellaceas Prevotella 0.379%,0.56%
0.690%,0.86% 0.590%,0 86%
stercorea
0.119%,0.17%
Lachnospira
1.5658%,2.28%
Lachnospiraceae Roseburia
3.5569%.5.21% 1.439% .2 11% . faecis
0.000%,0.00%
Ruminococcus
0.562%.0.82%
i ® 350 51%
Faecallbacterium
Firmicutes Clostridia Clostridial %, ki
Bacteria (7 ).502% B o0ss 6008 el 6.8029%.5.96% 2366%.3 4% gy D an e ases
68.284% -/ \_/ uminococcaceas - o, o
2.976%,4.36%
100.00%

Veillonella

velllonellaceae
0.267%.0.39%

Fusobacteria

Fusobacteriia
0.197%,0.29% 1979 %

Fusobacteriales
197"

Protecbacteria Enierobacteriales

Gammaprotasbactaria
19z 1.7:

1.193%.1.75%

Fusobacteriaceae
197% %

Enterobacteriacese scherichia

1.193%,1.75%

0.267%.0.39%

Oscillospira
0.611%,0.89%

@ dispar
= 0.232%,0.34%

Fusobacterium
0.197% 0 29%

m' 1193%175%.

p—

E:
O 1193%R105% gy

. coli
1.193%,1.75%



D10

O Kingdom
O Phylum
. Class
. Order
O Family
. Genus
. Species

Bacteria
64.535%
100.00%

Clostridia
17.445%.27.03%

C '\‘ Firmicutes
1).445%.27.03%
_ N

Fusobacteria
0.000%,0.00%

Fusobacteriia

Sfsobactens Fusobacteriales

0.000%,0.00%

. caccae
1.467%,2 27%

» Coprophilus

0.028%,0.04%

—— @ eggerthii
0.176%,0.27%

Bactaeroidace. Bacleroides
fragilis
16.694%,25.87%

@ ovatus
0.288%,0 45%

. plebeius
2.710%,4.20%

. uniformis
0.913%,1 41%

copri
Prevotellaceas Prevotella 1.945%,3.01%
4.079%.,6

Clostridiales
17.445%,27.03% . .

minococcaceae

13.219%,20 48%

88% ¢ )_4.079% 6 32%
A
stercorea
0.976%,1.51%

Lachnospira
0.737%,1.14%

Roseburia

1.825%.2 83% .

Ruminococcus
1.320%.2 05% .

Lachnosgﬂlraceae '
3.862%.6 02% faecis

0.000%,0.00%

& gnavus
0.470%.0.73%
Fagcalibacterium

3498%542%. . prausnitzii
3.496% 5.42%
Oscil a
9.723%,15.07%

Velllonellaceae Veillonella

0.344%,0.53% ~ 0.344%.053% dispar
~ @ ® 0.344%,0.53%
Fusobacteriaceas
0.000% 2

6.0.00% Fusobacterium

Proteobacteria
11.822% .18 32%

0.000%,0.00%

Escherichia
1 1

coli
11.822% .18 32%
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Phy lyc 5: Thanh phan va d6 phong phu cua quan thé vi khudn & mau shotgun
metagenomic khong tiéu duong
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D1, D2




XiX

D3, D4

eJidsouyoe
Unclassified

Faecalibacterium

3 more
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D5, D6




XXI

D7, D8




XXl

C9, C10

Oscillospira
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Phu luc 7: Trinh tu cu thé cta cac OUT thudc nhom vi sinh vat ¢6 kha nang lién quan
dén bénh tiéu duong type 2

Cac OTU thugc Lactobacillus
>0TU_(k__Bacteria;p__Firmicutes;c__ Bacilli;o__Lactobacillales;f _Lactobacillac
eae;g__ Lactobacillus;s_ )
TAGGGAATCTTCCACAATGGGCGCAAGCCTGATGGAGCAACACCGCGTG
AGTGAAGAAGGGTTTCGGCTCGTAAAGCTCTGTTGTTAAAGAAGAACAC
GTATGAGAGTAACTGTTCATACGTTGACGGTATTTAACCAGAAAGTCAC
GGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTA
TCCGGATTTATTGGGCGTAAAGagagTGCAGGCGGTTTTCTAAGTCTGATG
TGAAAGCCTTCGGCTTAACCGGAGAAGTGCATCGGAAACTGGATAACTT
GAGTGCAGAAGAGGGTAGTGGAACTCCATGTGTAGCGGTGGAATGCGT
AGATatatGGAAGAACACCAGTGGCGAAGGCGGCTACCTGGTCTGCAACT
GACGCTGAGACTCGAAAGCATGGGTAGCGAACAGG
>0TU_(k__Bacteria;p__Firmicutes;c__ Bacilli;o__Lactobacillales;f _Lactobacillac
eae;g__Lactobacillus;s__salivarius)
TAGGGAATCTTCCACAATGGACGCAAGTCTGATGGAGCAACGCCGCGTG
AGTGAAGAAGGTCTTCGGATCGTAAAACTCTGTTGTTAGAGAAGAACAC
GAGTGAGAGTAACTGTTCATTCGATGACGGTATCTAACCAGCAAGTCAC
GGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTG
TCCGGATTTATTGGGCGTAAAGGGAACGCAGGCGGTCTTTTAAGTCTGA
TGTGAAAGCCTTCGGCTTAACCGGAGTAGTGCATTGGAAACTGGAAGAC
TTGAGTGCAGAAGAGGAGAGTGGAACTCCATGTGTAGCGGTGAAATGC
GTAGATatatGGAAGAACACCAGTGGCGAAAGCGGCTCctctGGTCTGTAACT
GACGCTGAGGTTCGAAAGCGTGGGTAGCAAACAGG
>0TU_(k__Bacteria;p__Firmicutes;c__ Bacilli;o__Lactobacillales;f _Lactobacillac
eae;g__Lactobacillus)
TAGGGAATCTTCCACAATGGGCGCAAGCCTGATGGAGCAACACCGCGTG
AGTGAAGAAGGGTTTCGGCTCGTAAAACTCTGTTGTTGAAGAAGAACGT
GCGTGAGAGTAACTGTTCACGCAGTGACGGTATTCAACCAGAAAGTCAC
GGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTA
TCCGGATTTATTGGGCGTAAAGCGAGCGCAGGCGGTTACTTAAGTCTGA



XXiv
TGTGAAAGCCTTCGGCTTAACCGAAGAAGTGCATCGGAAACTGGGTGAC
TTGAGTGCAGAAGAGGACAGTGGAACTCCATGTGTAGCGGTGGAATGC
GTAGATatatGGAAGAACACCAGTGGCGAAGGCGGCTGTCTGGTCTGCAA
CTGACGCTGAGGCTCGAAAGCATGGGTAGCGAACAGG
>0TU _(k__Bacteria;p__Firmicutes;c__ Bacilli;o __Lactobacillales;f _Lactobacillac
eae;g__Lactobacillus;s__agilis)
TAGGGAATCTTCCACAATGGGCGCAAGCCTGATGGAGCAACGCCGCGTG
AGTGAAGAAGGTCTTCGGATCGTAAAACTCTGTTGTTAGAGAAGAACAT
GCAGGAGAGTAACTGTTCTTGTATTGACGGTATCTAACCAGAAAGCCAC
GGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTG
TCCGGATTTATTGGGCGTAAAGGGAACGCAGGCGGTCCTTTAAGTCTGA
TGTGAAAGCCTTCGGCTTAACCGAAGAATTGCATTGGAAACTGGAGGAC
TTGAGTGCAGAAGAGGAGAGTGGAACTCCATGTGTAGCGGTGAAATGC
GTAGATatatGGAAGAACACCAGTGGCGAAAGCGGCTctctGGTCTGTAACT
GACGCTGAGGTTCGAAAGTGTGGGTAGCAAACAGG
>0TU_(k__Bacteria;p__Firmicutes;c__Bacilli;o__Lactobacillales;f _Lactobacillac
eae;g__ Lactobacillus;s_ zeae)
TAGGGAATCTTCCACAATGGACGCAAGTCTGATGGAGCAACGCCGCGTG
AGTGAAGAAGGCTTTCGGGTCGTAAAACTCTGTTGTTGGAGAAGAATGG
TCGGCAGAGTAACTGTTGTCGGCGTGACGGTATCCAACCAGAAAGCCAC
GGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTA
TCCGGATTTATTGGGCGTAAAGCGAGCGCAGGCGGTTHItAAGTCTGATG
TGAAAGCCCTCGGCTTAACCGAGGAAGCGCATCGGAAACTGGGAAACT
TGAGTGCAGAAGAGGACAGTGGAACTCCATGTGTAGCGGTGAAATGCG
TAGATatatGGAAGAACACCAGTGGCGAAGGCGGCTGTCTGGTCTGTAACT
GACGCTGAGGCTCGAAAGCATGGGTAGCGAACAGG
>0TU_(k__Bacteria;p__Firmicutes;c__ Bacilli;o__Lactobacillales;f _Lactobacillac
eae;g__Lactobacillus;s__brevis)
TAGGGAATCTTCCACAATGGACGAAAGTCTGATGGAGCAATGCCGCGTG
AGTGAAGAAGGGTTTCGGCTCGTAAAACTCTGTTGTTAAAGAAGAACAC
CTTTGAGAGTAACTGTTCAAGGGTTGACGGTATTTAACCAGAAAGCCAC
GGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTG



XXV
TCCGGATTTATTGGGCGTAAAGCGAGCGCAGGCGGTTHHAAGTCTGATG
TGAAAGCCTTCGGCTTAACCGGAGAAGTGCATCGGAAACTGGGAGACTT
GAGTGCAGAAGAGGACAGTGGAACTCCATGTGTAGCGGTGGAATGCGT
AGATatatGGAAGAACACCAGTGGCGAAGGCGGCTGTCTAGTCTGTAACT
GACGCTGAGGCTCGAAAGCATGGGTAGCGAACAGG

Ciac OTU thugc Bifidobacterium
>0TU_(k__Bacteria;p__Actinobacteria;c__Actinobacteria;o__Bifidobacteriales;f
Bifidobacteriaceae;g__ Bifidobacterium;s_ )
TGGGGAATATTGCACAATGGGCGCAAGCCTGATGCAGCGACGCCGCGT
GCGGGATGACGGCCTTCGGGTTGTAAACCGCTTTTGATCGGGAGCAAGC
CTTCGGGTGAGTGTACCTTTCGAATAAGCACCGGCTAACTACGTGCCAG
CAGCCGCGGTAATACGTAGGGTGCAAGCGTTATCCGGAATTATTGGGCG
TAAAGGGCTCGTAGGCGGTTCGTCGCGTCCGGTGTGAAAGTCCATCGCT
TAACGGTGGATCTGCGCCGGGTACGGGCGGGCTGGAGTGCGGTAGGGG
AGACTGGAATTCCCGGTGTAACGGTGGAATGTGTAGATATCGGGAAGA
ACACCAATGGCGAAGGCAGGTCTCTGGGCCGTTACTGACGCTGAGGAGC
GAAAGCGTGGG
GAGCGAACAGG
>0TU_(k__Bacteria;p__ Actinobacteria;c__Actinobacteria;o__Bifidobacteriales;f
Bifidobacteriaceae;g__ Bifidobacterium;s__longum)
TGGGGAATATTGCACAATGGGCGCAAGCCTGATGCAGCGACGCCGCGT
GAGGGATGGAGGCCTTCGGGTTGTAAACCTCTTTTATCGGGGAGCAAGC
GAGAGTGAGTTTACCCGTTGAATAAGCACCGGCTAACTACGTGCCAGCA
GCCGCGGTAATACGTAGGGTGCAAGCGTTATCCGGAATTATTGGGCGTA
AAGGGCTCGTAGGCGGTTCGTCGCGTCCGGTGTGAAAGTCCATCGCTTA
ACGGTGGATCCGCGCCGGGTACGGGCGGGCTTGAGTGCGGTAGGGGAG
ACTGGAATTCCCGGTGTAACGGTGGAATGTGTAGATATCGGGAAGAACA
CCAATGGCGAAGGCAGGTCTCTGGGCCGTTACTGACGCTGAGGAGCGA
AAGCGTGGGGAGCGAACAGG
>0TU_(k__Bacteria;p__Actinobacteria;c__Actinobacteria;o__Bifidobacteriales;f

Bifidobacteriaceae;g__Bifidobacterium;s_ )



XXVi
TGGGGAATATTGCACAATGGGCGCAAGCCTGATGCAGCGACGCCGCGT
GCGGGATGACGGCCTTCGGGTTGTAAACCGCTTTTGATCGGGAGCAAGC
CTTCGGGTGAGTGTACCTTTCGAATAAGCACCGGCTAACTACGTGCCAG
CAGCCGCGGTAATACGTAGGGTGCAAGCGTTATCCGGAATTATTGGGCG
TAAAGGGCTCGTAGGCGGTTCGTCGCGTCCGGTGTGAAAGTCCATCGCT
TAACGGTGGATCTGCGCCGGGTACGGGCGGGCTGGAGTGCGGTAGGGG
AGACTGGAATTCCCGGTGTAACGGTGGAATGTGTAGATATCGGGAAGA
ACACCAATGGCGAAGGCAGGTCTCTGGGCCGTTACTGACGCTGAGGAGC
GAAAGCGTGGGGAGCGAACAGG

Céc OTU thudc Faecalibacterium
>0TU_(k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f _Ruminococc
aceae;g__Faecalibacterium)
TGGGGAATATTGCACAATGGYggAAACCCTGATGCAGCGACGCCGCGTG
GAGGAAGAAGGTCTTCGGATTGTAAACTCCTGTCGTTGAGGACGATAAT
GACGGTACTCAACAAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGC
GGTAAAACGTAGGTGGCAAGCGTTGTCCGGAATTACTGGGTGTAAAGG
GAGCGCAGGCGGAAGCGCAAGTTGGATGTGAAACCCATGGGCTCAACC
CATGGCCTGCATCCAAAACTGTGTTTCTTGAGTAGTGCAGAGGTAGGCG
GAATTCCCGGTGTAGCGGTGGAATGCGTAGATATCGGGAGGAACACCA
GTGGCGAAGGCGGCCTACTGGGCACCAACTGACGCTGAGGCTCGAAAG
CATGGGTAGCAAACAGG
>0TU_(k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f _Ruminococc
aceae;g__Faecalibacterium;s__prausnitzii)
TGGGGAATATTGCACAATGGYggAAACCCTGATGCAGCGACGCCGCGTG
GAGGAAGAAGGTCTTCGGATTGTAAACTCCTGTTGTTGAGGAAGATAAT
GACGGTACTCAACAAGGAAGTGACGGCTAACTACGTGCCAGCAGCCGC
GGTAAAACGTAGGTCACAAGCGTTGTCCGGAATTACTGGGTGTAAAGGG
AGCGCAGGCGGGAGAACAAGTTGGAAGTGAAATCCATGGGCTCAACCC
ATGAACTGCTTTCAAAACTGTTttCTTGAGTAGTGCAGAGGTAGGCGGAA
TTCCCGGTGTAGCGGTGGAATGCGTAGATATCGGGAGGAACACCAGTGG
CGAAGGCGGCCTACTGGGCACCAACTGACGCTGAGGCTCGAAAGTGTG
GGTAGCAAACAGGA



