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Yeast Spore as Carrier for Glucagon-Like Peptide—1

HUANG Dandi, ZHANG Huijie, YAN Ting, FENG Shini, NAKANISHI Hideki",

GA O XiaoDong
(School of Biotechnology , Jiangnan University, Wuxi 214122, China)

Abstract: Oral administration of GLP-1 (Glucagon-like peptide-1)has attracted attention as
treatment for diabetes. GLP-1 is a short peptide and secreted by L cells.GLP-1 can increase insulin
release and reduce blood sugar .However,one of the major limitation of native GLP-1 is its rapid
degradation by DPP-4,leading to its short half-life in vivo. In this study,we examine whether yeast
spores were used as a carrier of GLP-1. Sporulation will happen when yeast cell face nutrient
limitation ,and previous work has shown that the yeast spores can hold secretory proteins in the
periplasmic space of the spore wall because its outer layers work as a diffusion barrier. By being held
in the spore wall,the proteins are protected from environmental stresses. Yeast spores were used as
carrier to protect GLP-1 from being digested by gastric and intestine juice.The results showed that
GLP-1 was successfully expressed in yeast spores. After pre-treated with simulated gastric and
intestine juice,spores with GLP-1 obviously enhanced insulin secretion from MING6 cells compared
with GLP-1. Using yeast spores as carrier,the anti-protease degradation ability and insulinotropic
activity of GLP-1 were significantly enhanced. Our study will lay a foundation for further
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development of oral anti-diabetic drugs.

Keywords: diabetes, GLP-1,yeast,spore,insulin
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Fig. 1 Structure of yeast spore wall
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il it B 7 AR DA s Y S R Ak P S
5, SN BRUBE S B AR D 73 100 JB 1 3R 4 S S ik
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) R o
112 370k LB B53R kR RER Y 10 g, R
R 10 g, S A64M 10 g, BifEH 20 g (4, insk 2
1 L,121 “CE5 K 1 20 min,

SD-Trp 35 5% 3 . JORA KL W B A (YNB)6.7 g,
BBy 20 g ([ 44, sk 2 900 mL, 121 C & Jk K
P 20 min, i FRETIIA 2 g /060 2% (Trp ) i) 2 5
R A DL S 100 mL KB 1) 20 g/dLL 1) 7 %6 B 1 T o

YPAD 555 0k B EEEZ HUY) 10 g, 25 (1 R 20 g,
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YPACe 8557 55 . i BFR HUY) 10 g, B A 20 g,
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PR SR SR 20 g, UK & 1 L, 121 Cy
JE K 20 min,

12 KWHIE

121 XMmAHE R A GLP-1 (5P X ik
A 36 NEIERR, HESRR )T 5 NCBI k4G,
W 2 Fis o o T B ik Hogk — BRI ik (DPP-TV ) il
i3 2 1 I (Trypsin) B i, AT AR IR SF 17 51 19 465

2 0 5 20 £ 2R 28 A LR AT T B LAk,
A SCHRIE WX 3 A7 5 1Y 2028 I 52 ) GLP-1
A4 BRIG P o R, 2 T A - I R i Rk GLP-1
JEB Ik GLP-1 % K % L 4 $ I3k, I 767 )
TR TN BT S, LA 8 T R R 45
Yo BeAh, R 17 B AR R EE AL, X AS [R] R B 8 ) —
SO AL TR, A 4*GLP-1 J 51 o AR 45 PR
T B 22 % % - 64T T AAR, OF B B AR T AR A
Ciksyia
DPP-LV i 2 1 1
! N\

GLP-1  H(A)EGTFTSDVSSYLEGQAA (K)EFIAAWLY K) G (R
MGLP-1 HGEGTFTSDVSSYLEGQAAQEFIAWLVDGR

2 GLP-1E®F
Fig. 2 The amino acid sequence of GLP-1

LY 4*GLP-1 P31 ¥ R Wi 4 30t 17 2 4
FEYI AL S, 439 A BamH 1 Sma 1 EcoR 1 V) K&
EcoR 'V o KT B BokL 35 2 1A i #y it i Rt an 1] 3
iR . T pRS424-TEF, TR A 545 2 4~ EcoR'V
BEVI0E s, ok T ELEA i 8*GLP-1 H A ki,
At 2 % pBlueScript 1T SK(+)1F Jy & kL. w56
DT D5 ARSI E A EE R R IAFE AL, L pRS424-
TEF,~GFP W#H, il id PCR 1 )5 ¥ 0% 4k (0 96 Y6 R
1 GFP 4 fith [ 51 32 Fe B B4k, 73 3 48 5° F1 3 S
A EcoR 1 UL Je Xho L BN 5o SIHFFINTF -

E 51
5’-CCGGAATTCAAAGGAGAAGAACTTTTCAC-3’

iR
5’-CCGCTCGAGTTATTTGTATAGTTCATCCATGC3’

PCR k45 H 09 5% Z )5, Jl i g U0 36 7
%, ¥ GFP 5[] 5 41 % 4% 3| pBlueScript II SK(+) %k
kb, #AeKIAFFH DHSe, BEHL 4-6 4~ EET% T
LB-AMP @ik i Je kb, F 37 CRRERS R F7 , b8
Ji i 3 R PCROSEE FRAE R A 7, B2 I P e 1k
T BRL, ST D) RIE

1235 ¥ # pBlueScript I SK (+)-4*GLP-1-
GFP, i BamH 1 \EcoR 1 W) 4*GLP-1 i il
pBlueScript Il SK(+)-GFP 5 4 Jfi ki , i £ r= ¥ 5% 4k
KI AT # DHSee, T LB-AMP 15 5% 5 Pk I 4 e 16
Fo AR E L TR pBlueScript I SK(+)-8*GLP-
1-GFP, ] Sma 1 .EcoRV XY B 1y 4547, Sma |
LT ) 8 41 Bk pBlueScript I1SK (+)—4*GLP-1-
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‘ pBlueScript I SK(+) \ + -

1

pBlueScript IT SK(+)

3 RAMERE
Fig. 3 Construction of plasmid pBlueScript I SK (+)-
8*GLP-1-GFP

GFP 3R 45 1 sty R ~F- R i (1) B, 3 #2 AL R I i v
DHS o, PRI $iom (1 H RV A TR DR UE . Ik
FHPE RV T LB-AMP J iR 5 S e rp 37 Cil s 57
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1 REAE v 7F FR A B kA 1B I, T 76 B I BT
IS5 K51 ss B TR ss FrBER/IVAR 2 100 bp,
A SR ¥ TEF 5 8+ 5 ss J¥ 9] —[6 PCR B 7
i,k 1F TEF,—ss | Bt I 4 ks - () TEF 3
HTFH) ., LA pRS424-TEF,—ss—3HA JHitR , i it
PCR (4 J5 413 TEF,—ss J¥ 5, 4 578 W % 5] A
Sac 1 #1 BamH 1 BV 85 . 17 5040°F -
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i &4k 15 pRS424-TEF,~8*GLP—-1-GFP L) }%

pRS424-TEF,~ss-8*GLP-1-GFP T ¢ Jfhi ([&] 4-
5) AT A I JFORE phy b T A T

PRS 424-TEF-8*GLP-1-GFP

TEF promoter

& 4 pRS424-TEFpr-8*GLP-1-GFP = A i #i
Fig. 4 Plasmid pRS424-TEFpr-8*GLP-1-GFP

pRS 424-TEF-ss-8*GLP-1-GFP

TEF promoter

B 5 pRS424-TEFpr-ss-8*GLP-1-GFP = A & i
Fig. 5 Plasmid pRS424-TEFpr-ss—8*GLP—-1-GFP
1.2.3 GLP-1 T4 % & f& B8 B £ 3 F o9 & & A
FFaF e st K A3 B I AL TORGE o — B ik
20 A B BRI % BE IS U AH R R PR, 2 RS K
F14) PRLER] 7 BV A T B N T AL ORI EE o PR — A
R AR T S mL SD-Trp BRI I8, F T
30 °C.220 r/min AYFE R AR5 FR . 12 h JFHC 1 mL
PRTREE AN BEA 50 mL 1) YPACe WA 375519 250 mL
=Y, T 30 °C. 220 r/min 37K F L 24 b
6 000 r/min B0 2 min WCAE A, FI7 filds 57 SL
B IR A 250 mL 1) = R (CREAE) T
30 °C,220 r/min $2K K35 24 h; B 5~10 pL = ks
FRAEEP R, T WA T LS B P AL O IE
AT LU BT A R PO R ERTE 5 1 T 40

h T AN 0T REAS TR P R R, T
Xof ELA B 1) T4 46 7 2R AT E— 2P 40 B, 8 000 r/min
BOWEMT,IFEET 2 mL R4 K buffer #,
FEOTR AT IE ALY 100 wL ) lyticase (1 mg/mL) , Jf:
BT 37 CHHEIRALHE 3 h, Bifl 5 88 7 A% LA R A5 5
AT o S R 2 R A0 A ) A R R 2
FfE T, DAARAS Sl (R 96T o 75 0T R P AR 1 6 T
72l Ak B 5 5 I i A AR 23 4 50% .60% . 70% |
80% 4% i 1Y Percoll Y59 , it J7 4T : 5mL Pecoll .4mL
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@ L LR
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Fig. 6 Detection of in vitro activity of the drug delivery

system
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21 EARRMREE

T RERSR GLP—1 23k 3 BT I BE Y, 75 24y
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Peig TEF,—ss i B LIV AUEAL50R E 19 TEF J3 3l
T 9., L pRS424-TEF, —ss—3HA J itz , 3 it
PCR )7 ¥: 3575 TEF,—ss 51, 4% BI4E Wi 5] A
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VKIEAT — 2529 1 490 bp 1y 554, 5I¥4) 8*GLP-1-
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8*GLP-1-GFP ] %47 . (b)M:marker ;1.TEF,~ss PCR 7=
¥ ;2. TEF,~ss V) 257
B 7 EHARKEYIEIX

Fig. 7 Agarose gel electrophoresis of recombinant plasmid
2.2 8*GLP-1-GFP EHEHMRIE

NAEIH R E A SR RE, KA
pRS424-TEF,—-8*GLP-1-GFP Fl pRS424-TEF,, —ss—

8*GLP-1-GFP ¥ 2] 5T ki % A6 2 R 10 I 1F AN120 1
A= B TR R , die] A BB TR R N 7 6 R AR R N
T B - IF S B 1 o A Western blot 3l H 7 25
M4, WK 8 il &/ i, 7E 55%10°(8*GLP-1-GFP)
ZiA A W A R o AR R AR TR RE N T N 2R A
LA R FGR TR T RE 109 H & I B4R
Z i fg 2 B TR IB TR LA AL T Bk
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G, ATRE R T AN 2 AR
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x10°M 1 2 3 4 5 6
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—_— s — . <— 55000
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M. RS 537 B 25 11 marker; 1. AN120 #0285 7150 52:
AN120 P ik 8*GLP-1-GFP & 4 Jii ;3: AN120 {1 BE % ik
8*GLP-1-GFP %5 (4 7t ;4 dit] A 7 F 28 (5 ;5 dit] A 014
F ik 8*GLP-1-GFP # [ i ;6. :dit] A 11 BE % 1k 8*GLP-1-
GFP #E i,

E 8 8*GLP-1-GFP E4 & H 3k i%#) Western blot 15 i
Fig. 8 Western blotting analysis of 8*GLP-1 expressed in

yeast spore

23 8*GLP-1-GFP EAZEAREREBEZHEF
B ZE i

FATHE— 2 it GFP /9 % R i i GLP-
LAEfl PRI E . B9 (b)) (e) NN IE, Al
PUR I 2 W 2 9206, (e) L () i 7~ BE Kk, ¢
JeiE W AR T A R, BT A G i g 3 1
BTN o POLE NI E— B UEW] T A H
8*GLP—1 #i i Jy ¢ 1% 21 B4 1 Bk 61 5~ 1N o

10 pm
—_—

(a)AN1204{1 7 (b)AN1208 771 4 FIEGLP-1 (c)AN1201f Tk K A GLP-1

10 pm 10 pm
s —n
(d)dit] Aff1 T

9 8*GLP-1-GFP EHEREMF IR E ML
Fig. 9 Localization of 8*GLP-1-GFP in yeast spore
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| | e—
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SR, BB B AT E 5 GLP-1 AR 69 BT

24 ERBEEESAETHAEROENEERD
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TR T GLP-1 225 (R R B AR S Pk A7 A
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L
=
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20t
15+

Jik By 2/ (mIU/L)
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0.5
0.0 L .

P YW QP

AT:AN120 7 7 42 4K 14 5T ; A2: AN120 7 P % 35 8*GLP-1-
GFP 2 [ Jii ;A3:AN120 7 BE 3% ik 8*GLP-1-GFP % [ i ;
D1.:ditIA 87 &8 H i ;D2 dit] A £ 14 % ik 8*GLP-1-GFP
HEE ;D3 dit] A I BEH 5K 8*GLP-1-GFP & 4 i .

B 10 GLP-1 #|i# MING i ik fE R ELER

Fig. 10 Insulin secretion stimulated by GLP-1

557 I F ELISA J7 A I gk & Z= ik B2 . anl&l 10
Frw, 5 aiff) GLP-1 i, 2638 T GLP-1 AL HEH
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