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Abstract

Previously, we showed that oral administration of probiotics, Lactobacillus acidophilus NS1
(LNS1), improved insulin sensitivity in high-fat-diet-fed mice (HFD mice). Furthermore,
LNS1-conditioned media (LNS1-CM) reduced HNF4e transcription activity and the expression
of phosphoenol pyruvate carboxykinase (PEPCK), a key enzyme in gluconeogenesis in HepG2
cells. In this study, we demonstrated that LNS1 administration increased the expression of
glycosyltransferase 2 (GYS2) and glucose transporter 2 (GLUT2), while reduced the expression
of glucose-6-phosphatase (G6PC) expression in liver of HFD mice. Furthermore, LNS1
suppressed hepatic expression of glucokinase regulatory unit (GCKR) in HFD mice without
changing the mRNA levels of glucokinase (GCK), suggesting that LNS1 may inhibit nuclear
GCK activity.

Consistently, addition of LNS1-CM to HepG2 cells increased the mRNA levels of GYS2 and
GLUT?2 with reduced mRNA levels of G6PC and GCKR. Moreover, hepatic glycogen contents
were increased in HFD mice upon administration of LNS1. Together, these results suggest
that LNS1 facilitates glycogen accumulation in liver by regulating the expression of genes
involved in glycogen metabolism, contributing to improved insulin sensitivity in the HFD
mice.
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<= YAIok= §H, A% AHlol= 8498k GCK7E AlZA= olssto] Aad W =33 Aetsto]
=293 A9 27] DA Zr-6-QUt B SXH6). 7HollA S92 tAE 2 dsk=
GYS2, GCK FAS 2y 2xhchidol GLUT29] 2Y ¥ o A% ZE 34 34 74, 89
W 2 5o ot 371 FEskAY didE 35 AdHjollA 2E|2 o] Zrgo g Hgto]
AfElo] APGS FHots FY A5 (glycogen storage disease)s Fol= A02 HIE Q)
oH7I.

AR d#AQ1 ZEHo| EIA YRR FAIE, A, AR 59 YRAEY AxdA 4
2] 20|11 Qe8] @A7HA| W2 fANE @57t ZEHO|QEARA HIRE T, F/HANS o
4 IFAEE BF A, WY A3t 59 858 7HIe 2= HAE QItHI). ERE IAHA
olof ofaf| == BTkt A|2% Pl 22 AR ol HiRte] ShE fARFS] At S
3] AP glow, 2T 28|9] AFof| A= SAREFS] Lacrobacillus acidophilus NS1(LNS1)2}
Lactobacillus amylovorus KU49] 73450)7} 1AHHo|(high-fat diet, HFD) HR-20lA Z}z;
7re] A ATAL R4, W] ZHAHSEE FRt oU A4 F7HE Bl ASSTRE AA, @957t
oA & Q& AP M-S Fsto] aAHPAolo] oJ3t H|RE G §E A= AR
SRIEUH10,111.

£3] & ol ARgE LNS12 A2 0] upe-2:9] ZHollA] SREBP-1c, PPARe?| ARG £
Ag B9l AT ARk, AHHAE 4kekE ZXIste] IAHMA]oof Ofsf] Rek= B|RkS A5
I, RledAAdE 7dske 52 7He A0 HaEglon, E 7] & U 8 AAERE
K1 HNF4e9] &4 24 B9l AL & 84 3 5IH<] phosphoenol pyruvate car-
boxykinase(PEPCK) ¥&& AAghS vrEtH11-13].

2 Aoz LNSIo] 7H W 2927 tiAtel] miRl= A3 AFsE] Hsto] A4 o] oA
oAl k9] ZEZA thAle] Folok=s 8 FHAES] Wy S el thet LNS19| J3k
ZAFSHGITE LNS1-S 2AHA]o] uheA0] Zhal 7kt A2l HepG2 AlEollA E=rg-F2 57l
gk 2ol gofsks GLUT29E GYS29] HE $7HA171aL, GCKRI}F GOPCO] S HAAIA
2 2937 @Rk =ole A0E ARSI

= A &E

1. S8 &

e FEAY A Addisty SEATESEYYIY 59 w2 Hhlol| weh =t
(CNU IAUCC-YB-2012-40). 7582] C57BL/6 & HRQ-A(EA 1942 g U EE, Korea)
£ IARA]o|(HFD; E%H] 45% A% 4]o]; Research Diets, USAYE AFAIZTE PBSoll 34%
300 pLo] G4HE LNS1(1.0x 108 CFU/mL) E+ PBSE 1AHMA]o] uko-2of 125 5ot mjd 74
T Fofsilch

2, M HHR¥

HepG2 MEE= 10% Fetal bovine serum(Gibco, USA)# 1% penicillin/streptomycin
(Gibco)e] 2§+ Dulbecco’s Modified Fagle Medium(HyClone, USA) ¥i%|ollA 37T, 5% CO,
ZZ100|A Bl gFstsict.

3. Semi—quantitative RT-PCR
oA 74} HepG2 AlEO)A RiboEX™(GeneAll, Korea)Z AM83}0] total RNAS 3]4=5}0]
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MMLV-RTase(Promega, USA)2} Oligo dT primer(Promega)E AF&319] cDNAE $H4513Lt.
cDNA¥ eTaq polymerase(Solgent, Korea)& Argsto] ZF 9479 meto|H Ao et S&
AFHLH, Gel doc XR system(Bio-Rad, USA)S AR&3to] 36B4 Hdo|| tjZslo] ZF 5419
U g Fotrt. Zefo|H o] A8 Table 13 2t

b

2|3 o =9

50 mg©] 30% KOH €9 1 mLE &7I5to] 98T oA 2087
B3t F 95% ofghE 1.25 mLE S¢ste] 98TollA 587 7HE & FZollA
= T AHEE TFF5 mL°ﬂ L5IA1A o] €N 0.5 mLo 4.5 mLY] SHG+E Egotod
2274 AES AZSIFCE FRA =91 0.2% anthrone &9 2 mLoj| 2824 AE 1 mLE
3tsto] 98T oA 1087t 71E 3 620 nmoA S8=S SHHct

N

1. TXILA0| DIRA0| 2k XE| L 22|37 LA} QK 20 T3t LNS19| 3t
o]0} Qi) W= TAMAOYHFD) th9A0l4 INS1O) AT ol TAHAlolo] ojgt A%
B7h 20, 2O AR R oA W A Al B, B9 a9 Q14 AR 1A ave
M o5 BREHI113). B3] LNS1S TAAle] 0h920] Z1olA] R4k 914 HNFeo]
A T4 oAsle] PEPCKS] WS 74 ANRS 285k Aoz Helssirhil
TAMAolo] oJ8) fEsl Qkadl AP Al EEG ke oS Bdo Eﬂ-—ga:
A AT 92 oAste] 22 G| A2 olofIT{14]. BT Hhaje] Fofst T
SRR 9 §491 GLUT2, GCK 183 GY29] -4} He 2 dul Ao] ufg-AgL H]n_o}oq
TAAlolo] J8) 7Hastel, GCKRI} G6PCE] 44 WL Z7Hshe 208 Feid drIs-
18], IAAolo] gt FeTARA o4 Al LNSIe] ZolH FeZARAe] F8 TS
She ebIE o EaEe] WAz o) WX JaEe 2AY] Sisle] TRl BheAHRD

Table 1. Primers used for the RT-PCR

Gene 5’-sense primer-3’ 5’-antisense primer-3°
mGYS2 CCAGCTTGACAAGTTCGAC AATCAGGCTTCCTCTTCAGCA
hGYS2 CAACAACCGCACAGATAG ATCTGGAGAACGGAACCGCC
mGCK AGTGCTCAGGATGTTAAGGA GAATCTTCTGTTCCACGGAG

hGCK TGGACAAGCATCAGATGAAAC GTAGTAGCAGGAGATCATCGT

mGLUT2 GGTGACATCCTCAGTTCCT GTCCAGAAAGCCCCAGATAC
hGLUT2 GCTGTCTCTGTTCCTTGT CATAACTCATCCAAGAGAAC
mG6PC ATGACTTTGGGATCCAGTCG TGGAACCAGATGGGAAAGAG
hG6PC AAAGATAAAGCCGACCTACA GGACGAGGGAGGCTACAATA
mGCKR AGGCATTTCCGTGGGACTCTC ACCGGATTGAAGCCAACCAG
hGCKR GTTGGACCTTCGGATTAGCA CCCAGAAACATGGGTTCACT
mh36B4 AGATGCAGCAGATCCGCAT ATATGAGGCAGCAGTTTCTCCAG

GYS2, glycosyltransferase 2; GCK, glucokinase; GLUT2, glucose transporter 2; G6PC, glucose-6-
phosphatase; GCKR, glucokinase regulatory unit.
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TR} 1AFAl0|9} 3 LNS1E %] §F vR-AHFD+LNS] vR¢-2)9] 7oA RT-PCRE
53 ol fRte] WA vlwaltt. HFDSF $4 LNS12] A7 Fof= 7+ 2204 S22 94
o] 8 FHARI GLUT29F GYS29] mRNA 5258 HFD k-0 Hlwsto] 7k oF 20, 1.8HY
7ML, GCKY Hdoll= o] gl A o& UeidthFig. 1). ol2t W&, HFD+LNS1 uk¢-
29] 7k 2= S I Eofag ] 8 AA=% GCKRe G6PCe) wédo] HFD tjH] z¢
7} 53%, 32% TAaA7]= A0 & YT o] LNS1o| HFD uke-A9] 7+ U 22|74 g4 314
oA GLUT29] ¥d Z715 59 ‘&‘Oﬂoﬂﬂi TAEE Xeg S48 78k, GYS29] @ S7Hs
53 2224 TS S 4 22 AXRIcE $HH, LNS19] Foj= 7F YoM GCK EAskE
Alek= GCKRY| ¥d A 48 }% RO F ZALE|0] GCKO ¥ #siel AFglo] GCK E4
o] 370l AlE W= 241 Ergo] Fe|3 AT EXT A= ot 0|9t g, LNSI
2T ol I BEG-6-Qkle] 2o g AgtEE AL AAIsKE G6PCY HdE
A71E Zoz SIEQt Yol AFEL LNS10] HFD ukg-A9] 7oA g 2k 223
Aol ool 8 Tl FARES] W] 2ES Bof @Y W xrFe] 7F 22029
2 22374 A9 1S FIAA FEH o8 HEDO| 95t 9 2712 A7 7%
283 o= AlrHt

&

Mo & oy rlo
)

H

b
2

2. LNS1 H{QF ZZibiX|0fl 2lst HepG2 MIZOIA S2|ZZICHAL Xt Lad M3}

HFD R-A9] ZHoflA LNS19] ofvA|chat 28 A3t nE7FAIE HepG2 AlZEollA] LNS1 i<k
ZZ8A(LNS1-CM, LNSI-conditioned media)®] A= A5AE T4 E AAE Abstabgo] 2+
oq o]-‘— FQ zi/\}g\_?gg_]x]-g} FAIA oug xi/\}z;ao x]— _4 | l:ﬂ _oJ-/H S zxqs].% Hog 1,].1;].1;%1;].
[11-13]. LAA]o] wRe-A ZhoflA] LNS1O] ket 2HbA| el S2i37 g 2 &) 250
Holol= 8 34 AL Y 288 SRISHI2 B, INS1-CMo| HepG2 29| 223271
P & Eaf ol Hofshs F8 RS EEol SlojAl LNS13 593 AHE 7HAEA] Yoti

[JHFD |l HFD+LNS1

, GLUT2 , . GCK 5 . GYS2 .

g

g, 2

k)

< 1

g

£ 1 4 1

g

z
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Fig. 1. The effect of LNS1 on the expression of genes that regulate hepatic glycogen metabolism
in HFD fed mice. Seven-week-old C57BL/6 mice were fed a HFD with LNS1 or PBS for 12 weeks.
The expression levels of genes involved in glycogen metabolism were determined by RT-PCR. All

data are presented as the mean valuexSD from three independent experiments. ~ p<0.05, ~ p<0.01
(vs. HFD). LNS1, Lactobacillus acidophilus NS1; HFD, high-fat-diet.

Relative mRNA levels (fold)
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7] 9I5tod HepG2 A2 LNS1-CM 24417 #2] & RT-PCR< oot A9 23}, HFD
Q49 7k ZAoAQ} tRIAZ INS1-CME HepG2 AIEOIA GLUT29F GYS29] w3
vehicle 8] ZF2+ oF 1,94, 28 S7IA%.0H, GCKO] gaoll= S FA] Y= Ao I
thFig. 2). GCKRY} G6PCOl & W3t vehicled} Hlw3dto] LNS1-CMoll 28l 42 77%, 47%
Aage B o] AAEL in vivo} in vitro B5OIA ZF2F INS1, LNS1-CMe] 9Js) Tt
A, 29134 I 9 Bl AR 3A {RRES Ede] 2EHS Hojsu qlth

3. LNS10f| oJst Tx|4tAlo] OfRA ZH ZZl0jA 22134 efEF 37t &3t

Uutao|9} vl wste] 1A oS HARE HRAL] ZhollA 7|3 A Skgo] tha WA YeRdth
A2t BarE Hh QItH19,20]. LNS10] IAF4Jo] uRe-A0] ZioflA Z] 37l thatol Frofst
F8 AR HAS 2ok 20 FRIFGoUZ [NSI Fo7h AAR 1A |H4]o] wlS-
7re] 2227 gl ¥FE F=AE gRlsh] Ysote] HFD vR-A9F HFD+LNS1 BR-A9]
M 2=127 FerE S7oto] vlwsHI. Fig. 3004 B v} o], HFD uk-A9] 71 229
7 g2 10.8 mg/g(liver weight)Q1H| ISt HFD+LNS1 uRe-A9] 7 22 W S5
F2 16.1 mg/g(liver weight) 22 FAFE|0] LNS1 77 £oJ7} HFD w9204 7F 22 Y9
A S oF 1.5 F7MI71e A0 ERIFIT. of=gh LNS19] 28|24 §59] S7h=
Fig. 1, 2014 & 4= Q&= u}e} Zho] LNS19f| 9J3 GLUT2 ¥ GYS29] 1t Z712 Qls) Edozr
B ZHAZR0] 2wt o4t F71eb S| 34 HS AR SEdolQitR o] SeaAlst &
Ag E3f o]FoHE 7FsAo] AAHLE E3 INSIo] 9J5) GCK 3L HalsHA] 9Igkont,
GCK A&l GCKRY o] Zh4ad Ao& HOES uf GCK AR QI3 XLro] L6~
QUAko 29 M3 X FE]FAl g S0l 719432 A o= AlmET. £, LNS19] ofsf d
o] ZrAEl= G6PCF PEPCKY] 7%, AMPKO] 9J3 E4do] A== Ao] L&A 9l o]H9
Atof|A] A2 o] mReAL] Zholl A LNS1 9fsf AMPKE] QlitehF XE= o] ERlE|glor

o

md moh i % > e e

o

[] vehicle [Jj LNS1-CM

.. OLUT2 , . GCK s , GYS2
§ *
g
I
< 1
T 1] 1
g
®
e o 0 0
2 -~ GCKR 2 1 G6PC

0L,

Fig. 2. LNS1-CM regulates the expression of gene involved in glycogen metabolism in HepG2 cells.
HepG2 cells were incubated with LNS1-CM (1/50) or vehicle (MRS broth) for 24 hr. Expression
of genes required for glycogen metabolism was determined by RT-PCR. All data are presented
as the mean valuexSD from three independent experiments. = p<0.05, ~ p<0.01 (vs. vehicle). LNS1,
Lactobacillus acidophilus NS1; LNS1-CM, LNS1-conditioned media.
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Glycogen content (mg/g liver)

HFD HFD+ LNS1

Fig. 3. Administration of LNS1 increased hepatic glycogen content in HFD mice. Livers of each
group of mice were sliced and dissolved in 30% KOH. The supernatant of liver lysate was prepared
as described in “the materials and methods” and then glycogen content was determined by measuring
its absorbance at 620 nm. All data are presented as the mean valuexSD from three independent
experiments. ~ p<0.01 (vs. HFD). HFD, high-fat-diet. LNS1, Lactobacillus acidophilus NS1.

2[11,21], Fig. 3914 B LNS19] 2Jst 719] 2|27 ghF S7k= LNS19] AMPK 43387t
2224 B 2 FABTATA ] Zolsks G6PCSF PEPCK O] &S AAJsto] Uehts A1ty
7Fs/3% Stk LNS19] ofgt 2832 3=F S710l lojA] AMPK Ho] tigh 222 gko g 7}
29l AE B9 greiAoF & Aot

E3F &Y AT ARA F23 IS H= AKT QAR 5194l e 2891 GSK39] QA

)

SFE S5k GSK3 2442 IAlIste] GSK39l s AAlE= 2=l e S4stke Zes
A QrH11,22]. LNS1& AKTO] QislE £R5k= Aog HyE9omg [NS19 7F Z8=Z
2 %5 2710] QlojH AKTS] dabiol] Tt 271 A7 e Wad Ao AmHt:

£ e TAFA o] ukeAoA AlF A, 9 4 2 Qled A A 5IE 7=
LNSI #59] 7t Wi 22|27 Tl vXe FFS RAIs] 1AHFAolof ofgh vAFAQl 22
A A S A3t 8 7HsAE HESIIAF AATEIYTE LNS1E 1253t A7 Foish A4
o] uk QA0 7oA e} Quky vhiol GLUT29F 2874 @49 8 8491 GCK, GYS29
TR BIgkE SRIgh 2}, INS19] At Fol= AAFAlo] uke-Aof Hls GLUT22F GYS29)
SRR LHL 27 oF 28, 1.88) SV CH, GCKO HAolE JFS FA] = Aoz oy
e} E3E GCKY regulatory unit® & Z83le] GCK A4S AAIsH= GCKRe} 2874 &
o 9] F8 T4l GOPCO a2 LNS1 Fofol| Qs HFDuR-Aof| Hsf 2H2 ok 53%, 32%
43k Bk 7F 2A0j|4 9] Aule} n7IA|2 HepG2 AlZe] LNS1-CMO] A2= GLUT2%
GYS29] At e oF 1.9+, 28 S7MAFH M, GCKe Hd ®igloll= dS 74 = A2
2 solE]9dch. GCKRI G6PCY| 444 g T35k INS1-CM Aol 3 22 77%, 47% 24
< Borh E3h 7 23 W S T2 1AHRl0lek LNST TS Hayet nReAoA 1A
Alo] mRQ-Aof Bl oF 1.58] 713t Ao® AL 919 2HES 36 2 uf, LNS1S
GLUT2, GYS2, GCKR®} G6PCE| Hd 2AS Bofl 7+ AW 22|24 TS S7MIA TA4
olof oJgt Ze|2Al that ol AHAATIE EIE THE AR AR
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