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Screening of yeast mutants for activating the mammalian
immune system

CHEN Jia, LI Yuqing, LIU Yibo, Hideki Nakanishi’

School of Biotechnology, Jiangnan University, Wuxi, Jiangsu, China

Studies have

demonstrated that compared with vegetative yeast cells, B-glucan exposed on the surface of mutant

Abstract: Yeast fB-glucan is a well-established immunomodulatory agent.
yeast spores exhibits enhanced immunostimulatory effects. [Objective] To screen and identify
yeast mutants with enhanced ability to activate the mammalian immune system. [Methods] Two
yeast mutants (osw/A and mum3A) exposing B-glucan on the spore wall were constructed, and their
immunostimulatory activity was evaluated via the macrophage stimulation assay and a mouse
model. The role of the Dectin-1 signaling pathway was verified through small interfering RNA-
mediated gene knockdown experiments. [Results] The spore lysates of osw/A and mum3A induced
the production of inflammatory cytokines including interleukin-6 (IL-6) and tumor necrosis
factor-o (TNF-a) in macrophages. Their immune activation was mainly dependent on the Dectin-1-
mediated signaling pathway. /n vivo studies showed that after oral administration of the osw/A
spore lysate, the levels of IL-6 and TNF-a in the mouse serum increased by 1.8-fold and 1.7-fold,
respectively, compared with those after oral administration of the wild-type spore lysate. Moreover,
the oswlA spore lysate exerted a significant tumor-suppressive effect. [Conclusion] The spores of
oswlA exhibit strong immune-activating effects. This mutant could be a candidate for the
development of novel immunomodulators.

Keywords: Saccharomyces cerevisiae; spore; OSW1; immune activation; -glucan; Dectin-1
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I chs3A 58728 (R 0 98 R TH 23 B 2R 5% B-Hi
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S8R S8 6 R T IR TR R AR O

Br chs3A &7AERAN, A Z PRk o8 A8 1k
961 RE B-1 R MH)Z Al B EE TR, ssp2A
RAMKRI HA 2 — 45 ssp2A AR TCIEIE
OB S AT Y i+, HEA] AR S B-H
RWZ . BT WA AR BT SRR,
ssp2A FEASRI TR R SR R p-A e, IR H
HARPERIANEFT, ssp2A 117755 10 S e v 25
JE =T chs3A f17P0, HHT Ssp2 2 1 I AE
AN, ssp2A LG FTRTE A 0 Y AL
LA REAFAT, (H 324 A 0k 2 e
WO e T e B RESS AR IR T B A R
AWM RN, mum3A F oswlA AR AT IE
WA R, ARSI S SRR, 5
chs3A fTRELERIAAL, 3X 2 FhRADIAR R 78 7 BE
B-HI MR R A= 2, {H Mum3 Fl Oswl £
/) Th g B T AL R B aRT, R, A B 5T R
mum3A Kl oswlA FASRIEAT T 08T, 28 LIRTiR,
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1.1 EFxFE

YPAD ¥53: 3 (g/L): BEREARIY 10.00, &
F I 20.00, D-#j %4 20.00, J#IER4 0.03. &
BEAS E H Z BE G YPA LR B 95 L 121 °«C K
20 min, FFHFEEERE, MAC M KEN
D-HIZANEAW, FEMRA]. YPAce HiFidk(g/L): B
RHEEW) 10.00, A 20.00, BEERER 20.00, Af
IEER% 0.03, Kac BigR3k(g/L): BEFRET 20.00.
1.2 EBEENERSERES

AW 5T BT H BE RE B ORR A RO B R
(Saccharomyces cerevisiae) SK1 (= 7= {1 ) 75 5t
) AN120 ( XA 1K), AN117-4B (B £% 1K),
AN117-16D (A FEARfE R 1. FIH
FIRE A, KA bRic A his™ ) DNA ¥
G153 AL OSW T B[R MUM3 5& R 58 2 T
TBREAE ) 3R1S oswIA 5 mum3A 2 Fh 328K
RO, TR A S B SCER[3 1R A il 4 . A
YPAD [l fAchs 773 T BRI KRS IE 5 A TRm 1
R 7%, AT 5 mL YPAD WA 3% 35 3k,
T30 °C. 220 t/min }75% 12 h, BifiJ54% 1:50 1)
LG B W i 2 YPAce 353558, FEAHTR 4%
MRSy R 20 BRERE, U
7 000xg 5.0 1 min B(7EZ IR T ##E 30 min 1975
KA LR, REWERTE. BE, HHE
EARBR =i, $AHTE E B A Kac 35575
FEMA, 30°C. 220 r/min ¥53% 24 h LB S0
T . Ml )E, FHIKEL 7 000xg &0
1 min WAERFIINE, HICHKPELK 2K, &5
F 4 CLRAF
1.3 fF4ik

HERFRBUZ EZ 0.5 g T, BT 50 mL
BT, A S mL BERERGLE whi, S RET
RAT. B IR NI S uL BBl BEfE, T

http://journals.im.ac.cn/actamicrocn



4064

CHEN lia et al. | Acta Microbiologica Sinica, 2026, 66(8)

x1 AWRPTRAEK

Table 1  Strains used in this study
Strains Genotype Source
AN120 MATo/MATa trpl::hisGltrpl::hisG ARG4/arg4-Nspl ura3/ura3 [28]
ho::LYS2/ho::LYS2 leu2/leu2 lys2/lys2 RME1/rmel::LEU2
his3ASK/his3ASK
ANI117-4B  MATa ho::LYS2 rmel::LEU2 ura3 leu2 trpl his3ASK arg4-Nspl lys2 [29]
AN117-16D  MATa his3ASK lys2 ho::LYS2 ura3 leu2 trpl [29]
AN262 MATo/MATa ARG4/arg4-Nspl his3ASK/his3ASK ho::LYS2/ho::LYS2 leu2/leu? lys2/lys2 [29]
(chs3A) RMEI/rmel::LEU2 trpl::hisG/trpl::hisG ura3/ura3 chs3A::his5" /chs3A::his5*
ssp2A MATo/MATa ARG4/arg4-Nspl his3ASK/his3ASK ho::LYS2/ho::LYS2 leu2/leu2 lys2/lys2 [29]
RMEI1/rmel::LEU2 trpl::hisG/trpl::hisG ura3/ura3 ssp2A::his5 " Issp2A::his5*
oswiA MATo/MATa ARG4/arg4-Nspl his3ASK/his3ASK ho::LYS2/ho::LYS2 leu2/leu? lys2/lys2 This study
RMEI1/rmel::LEU2 trpl::hisG/trpl::hisG ura3/ura3 oswlA::his5" loswlA::his5"
mum3A MATo/MATa ARG4/arg4-Nspl his3ASK/his3ASK ho::LYS2/ho::LYS2 leu2/leu?2 lys2/lys2 This study
RME1/rmel:LEU2 trpl::hisG/trp1::hisG ura3/ura3 mum3A::his5 " /mum3A::his5*
37°C. 220 v/min Z5PF FWFE 1-2h, JCEIHC (USRI AU TIR a9 h . s 40 5 i 4

2 uL B AE WA T g, DI TR T
154, RS, BHERET 4°C. 7000xg
B0 2 min, WEEDTRER.
1.4 ftr@zﬁ”
FZER S, WS 85 TR AT

m% PEEL 3 MNLEFHEAT AT AL, tﬁﬁ%
T 100-150 N 4HAE, #5796 7850 2 a) k17
wRE, A AR ITR,
P = DU AR ) T B A LS K< 100% (1)
1.5 BEERTER &R FREY

FaE AL AT B F 50 mL B8,
PTG A 7K A8 I s T vk b ol R S
LA 48% Ty | [l AL, ELRE B
F5s. Bk 2s, WALPRESEICA 5 min, HH4S
W, KEEMT-80 °C¥& % 24 h, BfiJE A T8 U
T, HIRR TR . RZRRIR % T-20 °C
e H
1.6 FRiEEMELRpaIEFE R AR R SELG

A 1E FH v R 27 B 240 2 e At ) BRI
Fi 40 A RAW264.7 15 R SEae 4 a2, H Ak
VEA RN : F-80 *CURIFII AN 75, HEifk
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F 1x10° A /mL, 0T 12 FLATR S IR b .
e AR E S IR S, N
I3 /i DMEM 355558, BEJS ALk B K
7.2 mg/mLPV i 24 fg Wy DL gk A7 ) AL B, T
37°C. 5% CO, ¥iFAfih i & 24 ho 40M 35 H
TAGM IL-6 . TNF-a AY5MMKF .
1.7 RFEEFHEN

K H ELISA 55 &k g 40 j 135 A2 /)N
SR H R A0 B R 7K SF - (1) 28 P e S 7
BT OE= NE R RES /R G =N 8 AN

RAW264.7 E g4I HE-5 JE AN I w4 i 15 5% b
19 TNF-a 5 IL-6 B30k (2) £ Fikfl 1

SLEPIRE S TS, AN BT ik 2 A
RAE T BYKF- o FT A A 20 R34 7™ A 4 i
F A VLB R ER T,

1.8 ZmpEEE S

A Dectin-1 ZER 4K 741, FlH DSIR
(http://biodev.extra.cea. fr/DSIR/DSIR . html) % 31 I
i 18 Y — 25 KR 22 nt BY#E] siRNA FF 51,
TR S M HAn LR g ik, BAKF 3
FEZS AR 2, (R YRR, K B g L
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7x10° ~/mL 1Y% B4R T 12 fLARH, RRdii
LA BB 2 80% I HEAT G etk s . R et ik
2 18 Lipo8000™ %% Yeir i B B AT, I AL
E AW IMA A= . R,
FEHUMMEE RNA, F-20 °CL-A7 4 ™.
1.9 SEBTR Y EE PCR #1 Dectin-1
mRNA FEX}FRIKK I

K A SE I 2¢ )6 %2 i PCR (quantitative real-
time PCR, RT-qPCR)+% A 4347 iifi 7L 50 4 41 fifg
HAREE mRNA AIAHXTRIA K- RNA BYFEHL
HIRS BAREAE R LS % SCHk[29]. 7F NCBI ¥
¥l (https://www.ncbi.nlm.nih.gov/) 2 /N R IR
i) HFRIEEFF), PRI AN B Y, %
FEM S MER AR A RA R A 519
TE 4 %8R W3 3, qPCR J W 4K % (10 pL):
2xUniversal SYBR Green Fast qPCR Mix 5 uL,
¢cDNA 1.5 pL, F . Fi#50% (10 pmol/L) %
0.4 uL, ddH,0 2.7 uL, qPCR L &/ : 95 °C
AR 3 min; 95 °CAPE 55, 60 °CiR 'k 30-34 s,
I 45 MEA

=2 WiksiRNAKF!
Table 2 Double-stranded siRNA sequences*”!

Name siRNA sequences (5—3")

Dectin-1 F: GCUGUUACCUAUUUAGCUUdTAT
siRNA (mouse) R: AAGCUAAAUAGGUAACAGCATAT
Control siRNA  F: UUCUCCGAACGUGUCACGUtt
(mouse) R: ACGUGACACGUUCGGAGAALt
GAPDH F: CACUCAAGAUUGUCAGCAAJTAT
siRNA (mouse) R: UUGCUGACAAUCUUGAGUGATdT

=3 BrEESIEY

Table 3 Target gene primer sequences'>”

Primer names Primer sequences (5'—3")

mRNA-M-GAPDH-F  GCCAAAAGGGTCATCATCTC
mRNA-M-GAPDH-R  GTAGAGGCAGGGATGATGTTC
mRNA-M-Dectin-1-F GACTTCAGCACTCAAGACATCC
mRNA-M-Dectin-1-R  TTGTGTCGCCAAAATGCTAGG
mRNA-M-B-actin-F  GGCTGTATTCCCCTCCATCG
mRNA-M-B-actin-R ~ CCAGTTGGTAACAATGCCATGT

1.10 EILIERIT594E
1.10.1  /pERSRIR R AR TR 5514

AWFFELL 6 JAlIE . AR N 17-22 g B HEHE
C57BL/6J /NRCHSEER X4, W A B DA (dE D)
EFEARABRA ] . A sh) S5 07 58 M A
SUR S OEANINE N S (oL S E L/ iy | N R e AR
W, 254 INNNO20251112C068181, SLH:
B, /NERH BRI . mFRAA D
26 °C, MXFIEE 40%-70%, M7 KA
60 dB, JEREGRE 15-20 Ix.
1.10.2  RFMFRIEU AR B TR X E ek 4 AR

NRAEE N ERSR 1 RS, R 1.5% SR
Tk A A JRR TR K 5 A o A 2 S it 2 SR A . FHBY
TIN5 FF /)N BRI ¥ e ok S I B, 1) S 1 A
1 mL ¥ PBS ZZ i ot s A2 gk 3 Wk, WAl
FERE VR IT 5 T 2 mL O H; T 4°C,
1 500xg &> 5 min, A5 BEACHE B B W 240 i
{8 45 135 79 DMEM 55 32 306 4 i i, 42 Fh
224 fLM T, BT 37°C. 5% CO, BiFihh N
B IR 2 ho FR 40N BE JS B B Ok 58 4 BE SR
B, 6 RDJF 46 A B B LA S A A&k
FE R 7.2 mg/mL BRI B-HI SR M . BEREE IR
g . B ARG MY, DL oswiA,
mum3A . ssp2A . chs3A 78RR R A0 1 2L i
Y, BRERS)E RS e AR R S0 A 24 he
FIFRLE R T, AR ANAE L F T JORE R 4G .
1.10.3 MFHEDEARBEFRESE

ANERAETE PR 3R 1 S, BEAL A X IR
R TEs . XRAEHEIESST
0.9% A FRER K 2SI 2530 1 45 T B A A
BTy, L& oswlA, mum3A.
ssp2A . chs3A RAEMKIAI I T 2L, B4
YIRE B FE N 12 mg/kg?, HH [EER RS
M2 1R JE, SR AR BRI LR M . I
BTEOETEE 1-1.5 h (RRIED, Dkt
i), BEJGT 4°C. 3 000xg &> 10-15 min,
E RIS, K 1 5325 S T -80 CCARAF %%
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o SEtRIEE, 43850 BRI AR v 4 i
JREEES 1,102 5 —3
1.104 MFHEVTFIEERENDR
ANERZE 1 T3 I R AR 5 S B AL 20 o %o R A
5T, X RARHES AT 0.9% EH
EhoK s SEERL A3 VE B 4 T IR S IR AN i 2
fife | A RIRERE S T 240 . chs3A fT 246
YLL J oswIA 187 24/ . £ HAEES T
1 )5, g RS 5%10° 4> B16 4ifiufb it iz
TR IR
111 GFirZESH
FRA LR E 3 M AR, 4
W UL 248 £ 5 #E 22 (mean+SD) & 7~ . 2R H
GraphPad Prism 10.6.0 #4478l e it ot 5
RIRL, 24000255 BRI N #2245
1T (one-way ANOVA). Giit27 i 351 1) 8 bR ifE -
P<0.05 hZEREA G E X

2 BRE5M

210 HAHBARRTABSNEKBES
PR

NECEE oswlA . mum3A 754 5 B A= mI iz
FEg MR R K225, ARUF5TE T 4wtk
AR EhZE . W 1A Fi7R, 7€ YPAD JE3R3EH
H R AER IO B 225 WK 1B PR, 7E&
5% L EERY YPAD R B & Rk A K i o
WS A, AHFTE NS - 5 708 1A TR Bk 114 72 74
RYEAT TIE(E 1C0), EWRFRAMT, B4k
R RR I PFE AR 200 95%, 5 oswlA RAMKTG
BEMEER, M mum3A . ssp2A M chs3A 7%
PR B 7= 7R 2R (B 25T oswiIA RARR(P<0.01).
GEIRRI, oswlA RASRRY P HRCRAL T HiAlb
3 FPoRAR A,
22 BEHF5EFMEX/)RE R
FaRY R B E R

ARWFFE A T ol 4l B-# JME . B AR E 9R
ARAEL PR A T 2LEY . oswil A FT-ZL#RYI LA
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Figure 1 Analysis of growth and sporulation rate of
wild-type and mutant yeasts. A: Growth curves of
yeast cells in YPAD medium at 30 °C; B: Growth
curves of yeast cells in YPAD medium containing 5%
ethanol at 30 °C; C: Comparison of sporulation
efficiencies between wild-type and mutants (oswiA,
mum3A, ssp2A, and chs3A). *. P<0.05; **: P<0.01;

ns: No significant difference.
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Je mum3A f5- 24 FP0 /N EL R RAW264.7
P PE RV E ] . InE 2A . 2B iR, SR
P B E SR A AR L, 2R ) SR P B
o DA, AWFSE LR TP AR R S
oswlIA, mum3A. ssp2A. chs3A 55 4 Fhifl 1241
VIR RIERCR 22 5. BF9EERI, ssp2A Fl chs3A
61~ 47 -0, PT35S /0 UL W 40 i 7 A A i
%, AR T W oswIA, mum3A 5 ssp2A .
chs3A AT . RASK oswil A 1T 2% )75
I B P I BT I O T B A R R AR R
P (P<0.01), HIHRIEAEHIAE R R T mum3A
ssp2A Lh B chs3A 1+ 2 f# ) (P<0.05), [FI,
AHFFEXS TR AT RS B- R S oswiA
T 2L 25 7B 1% ScienceDB i
(www.scidb.cn), CSTR Z*5 A 31253.11.sciencedb.
j00231.00077], % BRLPHLL T (1) R AE B F- 40 h K
I 2 S . HOBTENLHI AT RE S oswIA %8
A A S0 - BE () R IR 2 DDA OG . — T,

A *k
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Hk sk
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WS 5 5. D — T, oswilA filF 5%
1) 7 SR WH B I 22 IR 55 435 F) i At W] e o
AL Z R A, 20 PR RS AR R
SRAPEN 2, DT[] A 3 58 5 A B o o )
BPEW TR . FIRGE IR KRB, FERE T 2
YR E s TR E SR AL, oswIA flF23L
it 0 0 SR AR R 5% T mum3A . ssp2A Fl chs3A
1724, H oswIA 1B AR SR T 1k
- M
23 RLFEBFHBIXNNRERERE
AR RSN R R HUE(E A
AT — 2438 T /N B AR B W 2
DL bR S AR R S0 S AT AR AR, R
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Figure 2

Effects of spore and vegetative-cell lysates on inflammatory cytokine production by mouse

macrophages. A: ELISA analysis of IL-6 secretion levels in RAW264.7 macrophages stimulated by different
samples; B: ELISA analysis of TNF-a secretion levels in RAW264.7 macrophages stimulated by different
samples. *: P<(0.05; **: P<0.01; ***P<0.001; ns: No significant difference.
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Figure 3  Stimulation of mouse primary macrophages by spore lysates. A: ELISA analysis of IL-6 secretion by

mouse primary macrophages stimulated in vitro with various spore lysates; B: ELISA analysis of TNF-a secretion

by mouse primary macrophages stimulated in vifro with various spore lysates. *: P<0.05; **: P<0.01; ***:

P<0.001; ns: No significant difference.

JE 5 2 X A RN T A R R A SR )
ZH(P<0.05); Hifr, oswlA ZASIRAL 2L MY
G RE RN ANE F et , HOA S 0 G e iy 25 0k B I
1 T HA S AR ZLH ) (P<0.05) . IZZE R 5T
it RAW264.7 41 LR Sk I 45 5 — 2%, FfAE)S
S/ AR N SE B A 23— 2 B0
2.4 oswIA. mum3A T8 F 2 R 48 2
Dectin-1 97T 5/)\ R B W& 20 il 50 78 I &Y
Dectin-1 J& B-% M4 S5 e 2K, BEAIK
Dectin-1 ZRiE AT Jk 55 B~ RMEAN T 10 IR o
I, ASBF 9% % ) siRNA F&AIE Dectin-1 (/) B
Clec7a #H)) mRNA ik LUk /D Dectin-1 Y
A WK 4A FT7R, 28 Dectin-1 f75P% siRNA
AEFR)S . 4H Dectin-1 ) mRNA kK5 %F
WA 2 AH [ S 2 B (P<0.01)., Dectin-1 &350/
Jei, AR oswIA Fll mum3A f68-F 2L 90
Bl L Ji5 1 BRUUR L I A B, 3 Ao A 0 00 L PR 1
43 Wb 7K SE B IE Dectin-1 48 54 S H AR G AR
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Mo R WoR, X R g i N AKOF B3 & T
Dectin-1 i Ik 2H (P<0.05); [6] B, £ oswlA.
mum3A 611 SRS 00 240 i R - 2K P
F T AR (P<0.05) (K] 4B-4E). & 4B 4%
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Figure 4 Yeast spore lysate-induced immune responses in murine macrophages are mainly mediated by Dectin-
1. A: Relative expression level of Dectin-1 mRNA; B: ELISA analysis of IL-6 secretion level in Dectin-1 gene
(Clec7a)-knockdown primary macrophages stimulated by osw/A spore lysate; C: ELISA analysis of TNF-a
secretion level in Dectin-1 gene-knockdown primary macrophages stimulated by osw/A spore lysate; D: ELISA

analysis of IL-6 secretion level in Dectin-1 gene-knockdown primary macrophages stimulated by mum3A spore

lysate; E: ELISA analysis of TNF-a secretion level in Dectin-1 gene-knockdown primary macrophages stimulated
by mum3A spore lysate. *: P<0.05; **: P<0.01; ***: P<0.001.
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Figure 5 Effects of spore lysates in vivo. A: Mice were orally administered yeast-derived samples for 7 days,

and their body weights were measured; B: IL-6 level in mouse serum detected by ELISA; C: TNF-a level in

mouse serum detected by ELISA; D: IL-6 level in the supernatant of mouse primary macrophages detected by
ELISA; E: TNF-a level in the supernatant of mouse primary macrophages detected by ELISA. *: P<0.05;

**: P<0.01; ***. P<0.001.
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Immune response effects induced by different concentrations of spore lysates. A, C: ELISA analysis of

IL-6 levels in mouse primary macrophages stimulated by osw/A spore lysate at various concentrations; B, D:

ELISA analysis of TNF-a levels in mouse primary macrophages stimulated by oswlA spore lysate at various

concentrations. *: P<0.05; **: P<0.01; ns: No significant difference.
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Figure 7 The effect of spore lysate on melanoma in mice. A: Volume of mouse melanoma grown in mice
administrated with or without spores; B: Weight of mouse melanoma grown in mice administrated with or
without spores; C: Images of melanoma grown in mice administrated with or without spores; D: Survival rate of
mice administrated with or without spores; E: Body weight of mice 16 days after melanoma inoculation. *:
P<0.05; **: P<0.01; ***: P<0.001; ****; P<(0.000 1; ns: No significant difference.
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