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Construction of a 10rolGLP-1-expressing glucose-lowing
Saccharomyces cerevisiae by CRISPR/Cas9 technique

ZHANG Jinrui, YANG Jiaming, MENG Yujie, XING Shuguang, LIU Qiqi, LI Minggang*

State Key Laboratory of Medicinal Chemical Biology, Key Laboratory for Bioactive Materials of the Ministry of
Education, College of Life Sciences, Nankai University, Tianjin 300071, China

Abstract: To develop a novel glucose-lowering biomedicine with potential benefits in the
treatment of type 2 diabetes, we used the 10rolGLP-1 gene previously constructed in our laboratory
and the CRISPR/Cas9 genome editing technique to create an engineered Saccharomyces cerevisiae
strain. The gRNA expression vector pYES2-gRNA, the donor vector pNK1-L-PGK-10rolGLP-1-R
and the Cas9 expression vector pGADT7-Cas9 were constructed and co-transformed into
S cerevisiae INVScl strain, with the PGK-10rolGLP-1 expressing unit specifically knocked in
through homologous recombination. Finally, an S cerevisae strain highly expressing the
10rolGLP-1 with glucose-lowering activity was obtained. SDS-PAGE and Western blotting results
confirmed that two recombinant strains of S cerevisiae stably expressed the 10rolGLP-1 and
exhibited the desired glucose-lowering property when orally administered to mice. Hypoglycemic
experiment results showed that the recombinant hypoglycemic S cerevisiae strain offered a highly
hypoglycemic effect on the diabetic mouse model, and the blood glucose decline was adagio, which
can avoid the dangerous consequences caused by rapid decline in blood glucose. Moreover, the
body weight and other symptoms such as polyuria also improved significantly, indicating that the
orally hypoglycemic S cerevisiae strain that we constructed may develop into an effective, safe,
economic, practical and ideal functional food for type 2 diabetes mellitus treatment.

Keywords: CRISPR/Cas9; glucagon like peptide-1 (GLP-1); Saccharomyces cerevisiae; type 2
diabetes mellitus; biomedicine

W PR I 2 — B ™ B A N IS ) 48 1 R
I, TE A b AR AR OB 3 . 2021 4R 4 ER
20-79 2 NHERIBE R B R A TR 10.5%
(5.3661CN), £ 2045 465 FFHEE 12.2% (7.83240N)
Hh R PR R B 2 U E K, FR ¥ IDF Diabetes
Atlas (10 edition) ] %01, 2021 4F, v [EBE R % &
FHANBGEE] 1.41 12, 3] 2045 FK 1,74 42
Hh 2y 80% A 2 BIRRm" . HAET, BiRw
YRR 2, (RS2 —E M rRIvER
HANBEMARAS - Bl 45 PR o

Ji = 1A = REK-1 (glucagon like peptide-1,
GLP-1) H i = IBE 2 B 8 R s . AERRS) o 2
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FeL e, e v AR 2% D i PR 11 = B e 5K 7 ) A
EBEZR, WAENIE L 4UiE, ArigR
W Jof s AW 2 T EA T U)E o LR i 1 R
BIYI A& A GLP-1. GLP-1 4 2 FpAE#iG
PRI, 435914 GLP-1(7-37)%1 GLP-1(7-36),
I E AU 22— A EHREBR, GLP-1 2 80%H) 44
PR H GLP-1(7-36). GLP-1 2 H [l i F 46 i
B L 240G B W — PP e R, REAA A
LS5 A WA A 1 R 5 2R ) 43, 3 e 0 o fR
o WS 28 1 40 Wbk i s B & 2 i e i B 4
ffL, DA B O A 1 A IR VE R SR,
F KK KHF-4 (dipeptidyl peptidase-4, DPP-IV)
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IR R, K4k GLP-1 Rk 1A
BRI T LI R R

AR S0 2 i o e R AR AR TF A T E A
FIRK 2 GLP-1 (rolGLP-1), ¥ K4k GLP-1 th
) DPP-1V YIHI 7 £ Fg AR 11 B DRI 88 40 %
e N34S rolGLP-1, Akt DPP-IV Al 17
fF Al A, A rolGLP-1 1 C il fi
Jo — B TR 2 B B 1 il 1L 30) AN U0 S A7 A 1

mL, BT 10 A JCSE ERERERG Y rolglp-1

(10ro|g|p-1), FFHEE T R ERA 10rolGLP-1
KW T 1 (Escherichia coli) BL(DE3) [ £k, 4K
WAL T rolGLP-1 Rk &, 1 Ak
FEHHERK %= 68 h ¥

ik 974 8% £ (Saccharomyces cerevisiae) & — i
ZRMBEMEAER, TAFEN B R4ELERM
HALHE , X+ B BT Re (AL HEMD HAA T 1EH
HAG 9 8 Wi W B AR, T H 59
T B 25 DN 2 o s 2 1) DR o/ . ik e
TR i B Y L PR 21 rh o KR AR A 77 BRI, R
SE I AR 0 T JE PR AT LAl A TR B TR i) S AT B
AR, DT HE A T R TG P B 1) 1 5 A K 1 (] B ot
3 Ho g A A B AN IR R ) k10 AR ST
K T 243 CRISPR/Cas9 Jit K 21 4 i 4%
AR g e — b R 4 I W R B (HS),
W E T /IS BB PRI R IR 97 3R, T
R TR BRI A 25 ) B S,

2-3 min,

*®1 FWMRFAASIY

1A

1.1 E#RFRR

KIWAFF# DHSa., FRIEFELE INVScl . pYES2,
A 5256 25 (17 . pMD19-T-Simple T[R4,
lJ H TaKaRa /A #], pNK1-PGK-10rolGLP-1, HH
ASLB M, pGADT7-Cas9, H[E EE2FRlE

[’m”’i%ﬂ%ﬁﬁﬁﬂﬂ%?ﬁiu . pZHY-988, W I
KA A B2 2 B R SO U b
1.2 A%

1.2.1 pMD19-T-L-PGK-10rolGLP-1-R 53 [£%]
N0k ke

Pl pNKI1-PGK-10rolGLP-1 N #& #) , 7
PGK-10rolGLP-1 1% 4 3y 78 Ji1 5 [l U5 1) 5 | 4
GLP-1F Hl GLP-1R, FFAESIHH 5'F1 372K b fin
A Hind TIF EcoR IFR il 14 PN VTG AV 5515 1151
¥ GLP-2F il GLP-2R #1745 — 4 PCR, f#i[H
5 ILE 1. B9 L-PGK-10rolGLP-1-R
I HS T k%4, 1k E. coli DH50 B2
UM AR % i@ A5 19 M13F #1 M13R
PEAT SR A 6% =8 )2 Vi (polymerase chain reaction,
PCR), HIXEEYI#EAT IR IE .
1.2.2 [EREE S pNKI1-L-PGK-10rolGLP-1-R
RiILFH AR E

A FF R0 P9 DTG Hind TIRT EcoR 1 i)
pMD19-T-L-PGK-10rolGLP-1-R #/4 ., ¥ L-PGK-
10rolGLP-1-R J Bt 5 RBHAK pNK1 4,

Table 1  Primers used in this study

Primer name Primer sequence (5'—3") Size (bp)
GLP-1F TTGGGTATTGACGGTGGTGAAGGTAAGAGGAGCTTGGAAAGATGCCG 47
GLP-1IR AGGAATCACTTCAGTTACTTCTGAAGTGGTGACCAGCTTTAACGAACGC 49
GLP-2F CCCAAGCTTCCAAGGCTATGGGTTACAGAGTCTTGGGTATTGACGGTGG 49
GLP-2R CGGAATTCGTCGTGGCTGTTACAGGAAATCCTTAGTGAAGTCAATGAAG 49
gRNAF ACTATAGGGAATATTAAGCTTGAAGAATTATTCAGATCC 39
gRNAR TGATGGATATCTGCAGAATTCCTCTTAGGTTTACCCG 37
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K I FTF A2 S A R R R 3E, TV
PCR F1XUH U] % 5E o

1.2.3 pMDI19-T-gRNA 57 [ & i iy 4 12

i 1 http://www.e-crisp.org/E-CRISP/ website
looking for S. cerevisiae ADH 1 §iii £ # ] H ) &
[Al 2 T it = 1 (alcohol dehydrogenase I, adh I)
) gRNA ¥, AWFSE S 600 i s PR
gRNA J7 5111 gRNA 5[4 gRNAF Fl gRNAR,
SIPFSIILE 1. [ gRNA R BS T #ilkiE
2, AR REZ SR ESR, 17
PR V% PCR R U) %5 7€ .
1.2.4 gRNA FTiAH & pYES2-gRNA HIHE

it FABR il o4 P VI EcoR 11 Hind TILAUfi
1] pMD19-T-gRNA Fil pYES2 # /A, ¥ gRNA
FrBSEREE, ERER AR R
UM FE, M T7 @5 T w i
PCR HIXUHET) 4 €
1.2.5 CRISPR/Cas9 FiAZ A MEREEE SR
KB R AL

Hpa 1 i U B P e 1 32 1k 04 pNKI1-L-
PGK-10RoIGLP-1-R, 5¥fIR pGADT-Cas9 A
pYES2-gRNA R4, HIH 27 Lk 3 5% (b R I 15
INVScl B2 AN, VAl 7 R e 5 24 R
B = A TR P R [ ARG R 0k |, K55 48 h PR
SERESEAT PCR %5E, F+ Zhe LR -3
I POk i 5 JiE H, 9K (dodecyl sulfate, sodium salt-
polyacrylamide gel electrophoresis, SDS-PAGE)
AR 1 5t Bk — 25 e PR B 20 o
1.2.6 E4HBREES &89 MM AR E N E

Xt JC HF %€ 9 IR 1A (specific pathogen free,
SPF)%% C57/BL /N B i i i B Al MR, O P B IR A2
[# & (streptozocin, STZ)H-A175 5 F4 HEAR IR I /) il
BORY, A4 S/ N A BRI 4 41 OE
WA (n=5) ., BIMEXT IR ZH (n=5) . BH: 25440 (n=5)
I HS d(n=5). Hrp, IEHHMEESRAH
FhoK, B XT IR 2 T A5 R A R TR R TR 1%
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BE(INVScl, BP4miaTE s mk), HEZY
P HEFNE(S mg/kg) il HS 2H 7 B B8 4 [
BHERTEG I RE(8 g/kg)Ab PR, 1 ¥R/d, #E L2452 15 d,
D /N BRI ZK P | AR EE A8 Ak SO S HLAR K il
HEETi, RLBIYIR T REm IR~
Bl S5 0 SE TG Bl Y AR B s Y S b oE [t
S SYXK(H)2019-0001],
1.2.7 Zitoh

T A BE R Y AR E 22 R0, i 2o
KR Ty =20 B Ml 2 8 i (LSD 3) 47122 5+ i
FPERT . {2 SPSS 13.0 filt, P<0.01
WA 22 BA G B E

2 BRS04

2.1 F[EHF pMD19-T-L-PGK-10rolGLP-
1-R B9#3E

L JFAE pNK 1-PGK-10rolGLP-1-R AR ,
i1 2 Y ¥ PCR 4744 ) L-PGK-10rolGLP-1-R
F Bt PCR W) I B BE R BE I FRL UK 25 R ] 1A
Jii7R o UKiB 1-3 J& 56 °C. 55 °C. 54 °CAN[AliR
SO EE T PCR 21, MBS B, 8
54 °CHE M9 1% L-PGK-10rolGLP-1-R H¢& i (1
1B KRB

¥ L-PGK-10rolGLP-1-R A PCR j=¥) vil&
B T HARI AL KBTI - 1%38 IEREBE S PCR
UK R & 1B s, JkiE 2-5 93t T
2 000 bp HARSM, M 2-5 JKIEAE M H R EUT
BLEAT WG %02, BT A AR RS 2] 2 000 bp
) B 2 (B 10), XFRES ATy, 345
Roe IR, 45 LR I E T pMD19-T-
L-PGK-10rolGLP-R TRk 4
2.2 FIAH K pNK1-L-PGK-10rolGLP-1-R
I E

PCR = WIH 1% B BENE HL Uk 45 SR an &l 1D
Jii7n, 7E 2 100 bp AL EY T H B4 .
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Figure 1

Agarose gel electrophoresis of the constructed pNK1-L-PGK-10rolGLP-1-R expression vector. A:

Gradient PCR products of L-PGK-10rolGLP-1-R expression units. 1-3: PCR products at different annealing
temperatures. 4: DL2000 DNA marker. B: Colony PCR products of pMDI19-T-L-PGK-10rolGLP-1-R. C:
Results of pMD19-T-L-PGK-10 double enzyme digest. 1: DL15000 DNA marker. D: Colony PCR products
of PNKI1-L-PGK-10rolGLP-1-R. 1: DL2000 DNA marker. E: Results of PNK1-L-PGK-10rolGLP-1-R double

enzyme digest. 1: DL15000 DNA mraker.

M — 25 B BOG B i R A T D) S, 2
RWE 1E iR, i % i re AR #R g b
2 000 bp M H A o KEAE S EF TN, P4
WSE 4 IEH, W pNKI-L-PGK-10rolGLP-1-R
PR AR LI
2.3 FEHF pMD19-T-gRNA Hy#)3E
gRNA Jr Bt PCR W1 1%3 N5 BEIKE FL UK
45 R E 2A iR VKB 2-8 J& 50 °C.51 °C,
52°C, 53°C, 54°C, 55°C, 56°C. 57 °C i
JE T PCR Wy, MRS, %8 53 °C
YE M fefE PCR EJE . BN PCR =¥ 5 T #ik
B, HAL KGR, W% PCR =Bl b
BERE LRSS A8 2B FTR o BRIKIE 4 41, Ht
FEARIY T 250 bp HIWAH . M2, 35
S EEEC DNA, Y%, 45 R
Bl 2C FiR 2 MRS YT T 250 bp H BYSR S
W 2 ApFESI)T, WP AR AR, K
pMD19-T-gRNA b 5 2 (& B U4 3
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2.4 FILH K pYES2-gRNA B

XUHEY] pMD19-T-gRNA HI pYES2 #ifAk
¥ gRNA F Bt 5 pYES2 #iiAik kb . BEbLk
B 6 AL VE TIPS PCR,  BhUBE e I i Uk
Kl PCR 724y, 45500 2D Fios, ¥P i
T 250 bp (M HAYAA . P45 REeIEm, &
W] pYES2-gRNA FRiB M I 2
25 BRE BB RIEH A 10rolGLP-1
CRISPR/Cas9 B 50 ix

CRISPR/Cas9 3 A 4RI R 1 B 3 1A 4%
A 1) S 5 A 55 P M 5 AL T 0 0 BE K B
pYES2-gRNA . pGADT7-Cas9 il pNK1-L-PGK-
10rolGLP-1-R AL ALERF e Y, 7557 2 R R %
WEBR A RTFR L BE 5%, SRS RS B RN R
7% B (yeast extract peptone dextrose, YPD)M {4
Brapdkrp s g BRBOCLN 4] DNA . Bl b i
HLVK 45 AN 3A FioR . B 5 AR 5l o
FRRN IR BUIEIN 4 DNA, DLX L4 DNA
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Figure 2

Agarose gel electrophoresis of pMD19-T-gRNA and pyES2-gRNA expression vectors. A:

Gradient PCR products of gRNA fragments at different temperatures. 1: DL2000 DNA marker. B: Colony
PCR products of pMD19-T-gRNA. 1: DL15000 DNA marker. C: Results of pMD19-T-gRNA double enzyme
digest. 3: DL2000 DNA marker. D: Colony PCR products of pYES2-gRNA. 1: DL15000 DNA marker. E:
Results of pYES2-gRNA double enzyme digest. 1: DL15000 DNA marker.

R, AR 10rolGLP-1 3¥i4T PCR
P, AR K 3B Frs. TEVKIE 1-3 A1 7-9
SRR 454, RUTEEEL] 10rolglp-1 2%
Lk B ERG R RE INVScl Be[Ngldr, af gk
SE A RS T B B PR AL o 3k 2 BE M e A
24 ok B 21 B TG 1 B HS1-3 i HS7-9,
2.6 SDS-PAGE Fn%& B RENTE 534

W AE YPD 15 5% 0 R AR BRI AL, 12
U %, 3547 SDS-PAGE, 45 U [&l 3C ik .
VKB 1. 2 HEi SXTIRALA L, 7E 33 kDa b
W] 5 () 25t RWIFEAE 10rolGLP-1 851 . H
TKIE 3 5 .45 5 SHEA TS W] i AR 451
i/ Glyko JKEEHIGEAF BT VKSR, 251
WE 3E PR, JKIE 1A S H I G ST
PR 24.5%, VKIS 5 FEAR 22.9%, KW
1 S RIB RS . fEEUKE 81T 22 4
W MFRUE0.04 mg/mL), I K EEXT LA, Tk
1 11724 B 294 0.07 mg/mL, Bl 70 mg/L.
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FEEERE FYITR 1 S A0 B AR S R T R TR
ENilisr#r. M 3D ATLLAE W, 7R 1 B
B R F K 10rolGLP-1 (HS)fdis [ i 4574
AXTHELH 2 SR B, R T Rk
10rolGLP-1 (1) 5 21 BRI [ £
2.7 MEREKRFNBRIREI HS AP mE
RN E

B 3 JEIEEY C57/BL /)N B MR PR 2
kL, 4 J JE R 50 me/kg (1 STZ W,
12 d JilEzs s E, &8 20 J/hR A
5 HRE, MUBHE KT 11.0 mmol/L, AR
9 80%. K /INELBEAL 20 DAy R X HREH L B X
HEZH . PHMEZG 4 HS IRYT 4 4 4.

5 15d ), #EH HS Ar/N BRI g
hn, Bl (21.13+0.81) g HEHn3(24.33£0.76) g,
Xof I 1 RN BE P 2 4 g B 2R e . TR
PEXT BEZH B U ] R k%, DA(23.5140.52) g
F(21.12+1.23) g, WK 4A iR,
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Figure 3 Agarose gel electrophoresis and SDS-PAGE for recombinant glucose-lowering Saccharomyces
cerevisiae (HS). A: Genomic DNA of Saccharomyces cerevisiae-positive transformants. 1: DL15000 DNA
marker. B: Product of target genes for Saccharomyces cerevisiae-positive transformant. 4: DL15000 DNA
marker. C: SDS-PAGE analysis results of Saccharomyces cerevisiae transformant extract. 7: Prism ultra
protein ladder standard (10—180 kDa). D: Western blotting results for Saccharomyces cerevisiae-positive
transformant extracts. E: Results of protein band grayscale scanning using Glyko, left panel for scan
grayscale for each lane, right panel for percentage of protein in each lane.

515 dJE, KBLZ USRI BRI /N
B2 M I S 5 B AIC, R HS /0 BRUmBE(E
B TR, B M (12.32£0.51) mmol/L &
% (7.43+0.43) mmol/L (P<0.01 i} 33 vs Xf FRZH),
TEH SR OB T B 484k, il 4B fir
71N, 2% W 2 I O PRG TE Rk (HS) AT I 2 P AR
R /IS BB OB KT, i FLES OBl T R P22,
AT AT Ak G IR PGH BESR B AR R 2R

3 WREER

LR adh | B, AT DUA SRR S B
i DL AR RIS 9 HLHAS B A2 A AN 52 32 W 1 T
TRERES, KL, ASBFZE LA adh | B FESEI, il
By iR 55 Ml Bt k4% adh | R IE Y
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gRNA, RJFEITHHIALHE 20 bp 5| T4 ) HAMNF
SIEFE S B 59, @it PCR ¥ 1415 2588 1
gRNA Fr B, it ) iEsn) T-Bofs gRNA J
BEyilE®] pYES2 Jivhr , il A T pYES2-gRNA
TR

CRISPR/Cas9 J£IIEI ) CRISPR/Cas R4t
SR AR T, B Sy T U A S Y A
BT 0T R A A bR SE AN BR . S,
. IR E M, CRISPR/Cas9 2R 45 4 Sk
FEPOET sgRNA BiRANFH . Tt e
sgRNA A fE<s DUBARAI # 5 JEE 5 DNA J7 5]
TERARTD, FEAEBUHA LR S, LR
RSBV (off-target effects). KF CRISPR/Cas9
Xof I A ) 55 2 2 T A 0 A I DR 4 G e o 2
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Figure 4 Changes in mouse body weight (A) and blood glucose level (B) after 20 days treatment with
recombinant hypoglycemic Saccharomyces cerevisiae (HS). Curves with different markers indicate normal
control (normal, NM), negative control (diabetes, DM), positive control (rosiglitazone, RG), and HS gavage
group. The different letters in the 1% column indicate a significant difference between treatments at the

P<0.01 level.

2 L B A% 1, AT R e o R I R AR X ML A
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A5 iz ] E-CRISP (http://www.e-crisp.org/)
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JEE AT REEAVR AT XU o (LI 2 o AP 2 L [T 2 4
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f e ft), AT7E PRUEHE R R R ASOR 1 SR, B
R 5 28 AP O A8 280 )00
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