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Abstract

Accurate quantification of yeast cell wall mannan is critical for strain screening, metabolic
engineering, and functional evaluation of yeast-derived biomaterials, yet existing methods
often lack specificity or scalability. Here, we report a rapid and reproducible mannan
quantification platform combining homogenizer-assisted cell disruption, sulfuric acid
hydrolysis, and high-performance liquid chromatography with refractive index detection
(HPLC-RID). High-pressure homogenization enabled efficient and uniform cell wall disrup-
tion, markedly improving analytical reproducibility compared with bead-beating pretreat-
ment. Cell wall mannan was quantitatively converted to mannose using a sulfuric acid
hydrolysis protocol, allowing selective monosaccharide-level detection with minimal inter-
ference. The method showed excellent linearity using commercial yeast mannan (0-2.5 g/L;
R*20.9994) and a strong correlation between released mannose and dry cell weight in
Saccharomyces cerevisiae (R*=0.9927). The platform reliably distinguished metabolically
engineered low- and high-mannan S cerevisiae strains and was further validated in the
probiotic yeast S boulardii. Overall, this approach provides a rapid, precise, and accessible
tool for high-throughput yeast mannan quantification.
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E 51 ¢-1,2 ¥ ¢-1,3 B 7THIANER Z= FE2E AdHH6,7]. ol#fdt 123 EAL &=
o Aee/go] ke mAH, P4 9 "R 7|52 59l A HAA o= 8= itk
(8-11]. &2 #2f whd A2 <F 1,2007H9] Aol 28 2d=m(6], 53] fructose-6-
F6P(phosphate)°llAl M6P(mannose-6-phosphate), M1P(mannose-1-phosphate), GDP-
mannose® ©[ojAl= tiAt S50] #A AT FeFig. 1). PMIH0 797 = F6PE MOPE Xgk
Sl= phosphomannose isomeraseE, PSA7 A& GDP-mannose pyrophosphorylaseS
gssloto] gt A A4A FFE 2E3AtE BHdE GDP-mannoses AZAE AA
dolichol phosphate-mannose= Zgk=|o] Alz29 ght 9 chald] Fe]3Al5]0f ARGETHS5,12].
ESE B g 28 SHAR] PFK263; PEK272- 6-phosphofructo-2-kinases 5.3}t
F2,6BP(fructose-2,6-bisphosphate) & 24311, F2,6BPE= PFK] 84 &2 4 FBPase 9
AE B olid- 4 s AGHos 2dsk= A A 24 IRE d=A SIrH13,14]. o
2P PFK26/PFK27 A& s 552 AAA711, AR tE oa it =29 §9
< 7MW & Atk GDARZ XA W Gdalp(lumenal GDPase)g ¥S3FotH, GDPE
GMP(guanosine monophosphate)® 7}=E35] GMP/GDP-mannose antiporterg T-s3-2
EX GDP-mannose 45 FAokal Thld- 2|4 0] whi- Ao} 9 Al2d Sy oS Aol 2
ARl IS oh= AoE IHA QltH15,161.

W T R o) w2 Aol Koo, Aky-9JoF Rofollxd= o]t o 7t AlolE
283} 7154 &4 o] &ls| o]FofX|1 QItH17]. B3| S boulardii= S cerevisiae®} H]IL
F= o AlEE ogR 5 T HlEo] ¥ =11, © FAR AlEE F2E 7HA D Q18] o]t
IRb Al = S S04 9] WAMY, A F2F A, HYxdi) 22 ERQ] Zanlo]
QF &E ok Fa3 24 EJC=E oAZITH19,20].

G6P—» G1P —» UDP-glucose

228 | oo
F26-bP +— — M6P — M1P — GDP-mannose
F6P
l GDA1
F16-bP awp N\

Mannan
GDP-
Man

Golgi apparatus
l Cytoplasm
GDP-

DHAP «——» GA3P

Glycolysis Man

Fig. 1. Biosynthetic mannan pathway in Saccharomyces cerevisiae. G6P, glucose-6-phosphate;
G1P, glucose-1-phosphate; F6P, fructose-6-phosphate; F2,6bP, fructose-2,6-bisphosphate; M6P,
mannose-6-phosphate; M1P, mannose-1-phosphate; F1,6bP, fructose-1,6-bisphosphate; DHAP,
dihydroxyacetone phosphate; GA3P, glyceraldehyde-3-phosphate; GMP, guanosine monophosphate;
GDP-Man, GDP-mannose.
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I3y S cerevisiae T 1O & W £450] FYsHA] a1, B 27 HSlo] whet Al
Z/30] A DEAlE A= FEA Qlof, ¥ BolA whdt Tk AlF A BB 4
U= A SWEo] 8HTH18]. ol Tkt
5 71548 2R A, dAse 45 i, ZEHlo|QE Hio] QA 7tof HapZoltH19].
W AlEE ghto] e P2 1%t of e PO R AkEo] itk we-Abo|u QFEER
I} 22 AR At hdeiths Aol o AlEd o o th(8-glucan, 71€ )
I} ThiEo] 74 0 =2 Qlsf ghde] thet A Aewrt "oxicks5,6,11]. E3F HPAEC-PAD(high-
performance anion exchange chromatography with pulsed amperometric detection)t}
GC-MS(gas chromatography-mass spectrometry) 7|5t 2AHL =0 B350 Al LSRR &
A E= FEARE o] 8tE]o] HA 0Nt 5 AlZtellA] S1F ool AQEH, AR 3 T
24 ARE E3E A} 0|2 QIS AR 47t SIS B4 A8 ARlo] RAEo], U] HE
Y oA REEACR Hw-FASiop s IAYYE AP HLol= AL ATH21-
23](Table 1). o|&gt 7]&2] HPAEC-PAD ¥ GC-MS 7|8k E4%o] Al thdzo] o 24|
U 24 EA B4 8= T, £ dolA Aot A 81 AlZE W F whd 3k
= Al&SIL WHEA 0 2 H]|w-F75}= H] F2o] Qltt. o]of & AtoflA= WP 7o A AR] vl
Ho=, #3254 4 BESH AEE o848t YR H52 &5 AW Feeet AddS Btk
et

olggt FHAEE FEo7] Yol & AollAle= TR Al IRE {3t #47](homogenizer)&
Agotal, oAE g AlxEY fhtE AF 7eEolE B9l THeAR ASRE & HPLC-RID(high-
performance liquid chromatography with refractive index detection) A|A8l& o]-&3}o] %
Fohs AlEotal A =2 2AHS okt Eot AR o R vt o] Adolgt a1
TFE T=Eo10] B B4l 284S AFoielon, wht 5ol &2 Ao7 AHA S boulardii
olME FUgt Wl AR gRlslth

M= 2 AE

1. 723 ¥ Y =A

Escherichia coli DH5a= S, cerevisiae AR 222 Q3] Q35 EgtAn|tE 1= gt
52 AMSSITE S cerevisiae D452-25 BAFE PSAIT PMI40 SRS #pLdsty,
PFK263} PFK27 37248 AeAA it T 8 501900 B3 GDAT 77 S
B3 vht AAE FFE FES9ITE S boulardii OPIE 4= ATCC MYA-79600|4 Eofdto}

Table 1. Comparison of conventional analytical methods and the rapid HPLC-RID quantification method for yeast cell wall mannan

Category Phenol-H,S0,4 HPAEC-PAD HPLC-RID (This study)
Sample pretreatment Cell wall extraction, thermal acid hydrolysis Acid hydrolysis, desalting Acid hydrolysis (72% H.SO,—~2 N)
Detector UV-Vis (490 nm) PAD (gold electrode) RID

Standard compound Glucose Mannose Yeast mannan — mannose conversion
Analysis time 15 min / sample 25 min / sample 20 min / sample
Calibration linearity (R ~0.98 >0.999 >0.999

Instrument accessibility High Low Very high

Specificity Low High High

Cost Low High Medium

Application suitability Total sugar estimation Structural composition analysis High-throughput screening

HPLC-RID, high-performance liquid chromatography with refractive index detection; HPAEC-PAD, high-performance anion exchange chromatography
with pulsed amperometric detection.
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AMEINATY. S boulardii OFYE 55 BAFR Sl GDAI S-S BEAA whd AL 45
£ =019 B Aol A ARSSE 8F = BE22 Table 200 A=skick

E. colf= 50 pg/mL ampicilling 7}t Luria-Bertani(LB) ¥iZ(10 g/L tryptone, 5 g/L
yeast extract, 10 g/L NaCl)ol|lA] 8isI9Lt. S cerevisiae®} S boulardii #5= 20 g/L 2=
S 78t YP HiA(10 g/L yeast extract, 20 g/L Bacto peptone)°l] HZE3lo], 30T, 1.75%g
271004 viFstirt. CRISPR-Cas9< o83t §-44F A&39} w5+ A Alofli= 20 g/L 2EF0]
23+ YP wiRlo] 0.5 pg/ml aureobasidin A(Takara, Japan)?} 300 ug/mL hygromycin
B(Sigma-Aldrich, USA)E #7I5H3ct.

2. E2tAD|C =1} CRISPR-Cas9g 01835 QFXL ME

2 Aol ARERE EFtAT|E BEEL2 Table 39 AAol3ith. 3 DNAE S primer(Table
4)2} Phusion high-fidelity DNA polymerase(New England Biolabs, USA)E o]83lo] &Z35}
o ZZE DNA THL Gibson Assembly kit(New England Biolabs)E AR&ato] Aol
th. PSAI R PMI40 SRR 22 BamH] R XholSE HTE p426GPDy-CYClr HE]
Gibson Assembly W= 4lQ]ste] 23} E2tAn|EE A&s6ioich A AA 2 EtAn|E 4
Aol Promega kit(Promega, USA)S AR5t

Thd A B fAe) =9 9 Adollis CRISPR-Cas9 A 467 HyHE 2-85t3lct
[24]. PSAI 2 PMI40 R FHEE 33 DNAS A%% ¥, BH gRNA(guide RNA) %
PAUR-Cas9Z Z5te Hatol LiAc(ithium acetate) ®HE o83 FAALSIGHH25]. B2
A% 5= AHEiR|(YPDAH, 20 g/L glucose, aureobasidin A, hygromycin B)ollA] Ao}
om, o]% FA7E 2| A] B2 HiA|ofA AlcuieFeto] A B SRt EE AlASIIT
GDAI, PFK26, PFK27 747 T3t Cas9 AlAEIS o]galo] ALAIAL) 24 faAte] Aok
AES S35 5 $3 PCR(overlap PCRYZ B3l 8 71k ARSI, did gRNA E2tAn|=
o} oA pAUR-Cas9= E-73F Ao =905t 34 4& 455 TSS90t

Table 2. List of strains used in this study

Strains Description References
SC Saccharomyces cerevisiae D452-2 (MATa, leu2, his3, ura3, and cant) [38]
S.C-HM S. cerevisiae D452-2 pfk264, pfk27 4 overexpressing PMI40 and PSA1 gene In this study
S.C-LM S. cerevisiae D452-2, gdalA In this study
SB S. boulardii, ATCC® MYA-796™ ATCC
S.B-LM S. boulardii, gda1/ In this study
S.C, Saccharomyces cerevisiae; S.B, Saccharomyces boulardii.

Table 3. List of plasmids used in this study

Plasmids Description References
p426GPDP-CYC1T URA3, 2 p origin, Ampr, GPD promoter, CYC1 terminator [39]
p426GPDP-PSA1-CYC1T URA3, GPDp-PSA1-CYC1y, 2 u origin, Ampr In this study
p426GPDP-PMI40-CYC1T URA3, GPDp-PMI40-CYC1y, 2 s origin, Ampr In this study
pAUR-Cas9 AUR1-C, CENG, ARS4, TEF1p-Cas9-CYC1r [40]
pRS42H-INT#4 HygR, gBlock for intergenic region upstream ASF1 [40]
pRS42H-INT#6 HygR, gBlock for intergenic region upstream ATG33 [40]
pRS42H-GDA1 pRS42H, HygR, Guide RNAs targeting GDA7 In this study
pRS42H-PFK26 pRS42H, HygR, Guide RNAs targeting PFK26 In this study
pRS42H-PFK27 pRS42H, HygR, Guide RNAs targeting PFK27 In this study
44 | Trends Agric. Life Sci. Vol. https://www.etals.org
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Table 4. List of primers for constructing plasmids and strains used in this study

Constructed plasmid Target gene Sequence (5'—3)

Donor DNA targeting GPDp-PMI40-CYC 11 GATGGCGCATCTATTTGCCGTCAAAAGATCCTCTCATACCATATTAAGTATATTGCTATAACA

INT#4 TGTCATGTCACCATTAATTAC
CCTCACTGAAAAAAGAAACGAGCGGAGGAATAGTATGATAAATCTTCAGCGCAAATTAAAG
CCTTCGAGCGTCC

Donor DNA targeting GPDp-PSA1-CYC1r AGTCACTGACAGCCACCGCAGAGGTTCTGACTCCTACTGAGCTCTATTGGTATTGCTATAA

INT#6 CATGTCATGTCACCATTAATTAC
TGAGAAATAAAGCATCGAGTACGGCAGTTCGCTGTCACTGAACTAAAACAGCAAATTAAA
GCCTTCGAGCGTCC

pRNA-GDA1 GDA1 (gRNA) CTTAGGCGGAgttttagagctagaaatagcaagtt

TCAAAAACGGcgatcatttatctttcactgcggag

Donor DNA targeting Upstream region of GDA1T ~ CCAAGCGGTAGAAGAATGTCAAAACT
GDA1 CCATGTTCTTATGTTTTTTGTGCGATGATGTCTTAATGTTT
Downstream region of GDA1 ATCGCACAAAAAACATAAGAACATGGACACCGCTTTTCG
CCATTTCCCTTTCACAACGCTATAGAA

pRNA-PFK26 PFK26 (gRNA) CACCGGGTGGgttttagagctagaaatagcaagtt
TGTAATAATAcgatcatttatctttcactgcggag

Donor DNA targeting Upstream region of PFK26 ~ GGCTCTTTTAGATCAGTAATGTTACCAAAGCTA
PFK26 CTGCGATTCATGGAGCTTTTATTCCTCTTGC
Downstream region of PFK26 GAATAAAAGCTCCATGAATCGCAGCCAAAGTCAC
GGTTTAATCTGAGGTGCGGAGCTTG

pRNA-PFK27 PFK27 (gRNA) TAAGATAAGAgttttagagctagaaatagcaagtt
CCAGCATTAAcgatcatttatctttcactgcggag

Donor DNA targeting Upstream region of PFK27 ~ CTCCCTCGGAACGGAAAAATACGAAC
PFK27 CGTTGCTTTCAATTTCAAACTTCCAGCGGAAAAAACG
Downstream region of PFK27 GGAAGTTTGAAATTGAAAGCAACGGATTTGCTTGAC
TCCCACTATTGTGTTGGATTATGGTTGC

Homologous sequences for Gibson assembly are depicted as lower cases.
Sequences for homologous recombination into genome are underlined.
Guide RNA targeting sequences was written in red.

3. MRS 0|25t Pt M Y HPLC-RID(high—performance liquid
chromatography with refractive index detection)S S§t DA 2N

AW A W vhd $E2 A7eRSl(acid hydrolysis)E ol A/8%E HeA(mannose)E 7
goto] ARERL) AR 242 a1 Alxy oy 248 8 Eid 71 A4S Farst
of AAstAtH19]. 4, Al# 8% PHHyeast mannan, Sigma-Aldrichy& ©]-&8f Rht-TheA
% BEXAS Fdoigitt. gt 8H(0-2.5 g/L)oll 72%(v/v) FAKHH,SO4) 150 uLE 7ot
ALolA 3417 BEGAIR] F, 1.9 mLY SFFE 7Hl T Pt 55 2 NHsE G4 270) 0=
243 F, 100ToA 4AIRE ¥ESAIA APIREESlE ot AEE 8 SASHEE
(Ba(OH),) B4 o= F3lolo] AHES AAT T, WS PilEa]-ofafsto] HPLC £40f AR
SHch HEH Thes B Al It ERELS o8 753 A4 9 SKEE B an
Az f ghd ko ghitsigict.

A Al G vhdt ek flel oF 1 g9 AXRA|Z(dry cell weight, DCW)E 344,800 % g,
15 min)& & Bat SHFE AlEskL, fER|E 7[5 224 k)] Ei= 19 #47|(high-pressure
homogenization, HPHYE ©|-&5}0] AlZE mHfjstgltt. feH= 7|5 3= 0.5 mm F2H|=
£ ARg3lo] 20% Wi 3 302 W7 S 123] wkEsigc ) & SeH|=E TE buffer 5
mLZE 53] o4} AlAlsto] Slatgior, 1 A7|(NLM 100; Ilsin Autoclave, Korea) 7|9t mhaj

https://www.etals.org Trends Agric. Life Sci. Vol. 63 | 45
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+ 120 MPaollA| 53] =3siitt. w3 & AJ5HS A AT vlo]emjA= 110C QB4 =4
AzxsI. AXE Ams 94 SHI AieRs] 2702 28510 vheAs Agtsiqlth
AAE A 75N T 20t 18T thigh-performance liquid chromatography,
HPLC; Shimadzu, Japan)& °©l8sto] Az EA519tt. E4ols 24E AZE7IRI detector,
SCL-40, Shimadzu)2} Rezex ROA-Organic Acid H" Z™(Phenomenex, USA)S ARE-5F3LY.
5o RE 5 mM S ARGSIGOT, $4+2 0.6 mL/min, AY LEE GOTE RS

ok
mlo ol

4. Bio-TEMZ 0|83t &2 MZH &

9 AEHO ZuA| 12 FE2 7 léA By vhEE g 47goto] SskicH206]. HYE
1Y AIZE YHEIZ 353t & 2.5% SFEFRELH5I0)=(0.1 M phosphate buffer, pH 7.2)

oA 4T, 12A17F B9t A Aska, 1% Lg HEZAlo|E g0 g 2AIZE TS AR
TAHOR ofghE B T oI FA] |0 B3AF A3k AlE= ZEPEAR7|(Leica EM UCT,
Germany)E °185] 2 70 nm FAZ Aot on, FHe 9ahd opgo]EQt 2= AEH0|E
2 2 G5t GME A8 Bio-TEM(EM-1400Plus, JEOL, Japan)ollAl T3}, ojn]
A= =728 A FATAUKBSI, LGANE )4 ZFsI3Lt

1. ZWFF—E-ﬁH 22 89 L 9HAol M AS

TS 0-2.5 g/L B2 FH3H 5, 34 ZA0A AIeBEs) & HPLC-RIDZE A%
gl A %Eg BASHIT) Ale 3R Wt o] 83t AIES-HPLC £19] 2PdS elgt
B 7o) uet PAE vheA Bt AgFog ZUI5H9rHR*=0.9994). o= B
Aol A St AR 27o] whd-ahe A A3lof ish Qg A Q] HkSARS ZH=rti= S 9Ju]

E3E 2 BAHE o oA vheAE RetRE S o] HiEeld 1l &9 4 ot
[6,27), °1E ASI] Yoto] ARE tifoz FUSH BAS asi9itkFig. 2). 11 A, TheAs
SEAACL PR RYEE Hylon, A% AR &4 Aok vheA 33 oA IH] mH=
TEER] Gkt AH] a7l S cerevisiae D452-2% W% &, AXAZZTHDCW)O whE gt
A FrEkO) WIS At AT Al 5Tt 71 weh vhes ST APH 0 R FTelct
(R?=0.9927). ofi= MZ9] o fq%} Aﬂitﬂ thg, 59] Thdo] S4o] vlHog 7RItk
7]& B9} YA Egt opjH5] o] Al BESH AmolME w2 AT Ad/de
AT HojErh Qokohy, Allelr “J%—% 7Rko 8 153 #2270 Alad ff vhdo] ARk
A2t g FRlelylon, oS E9l & AESI-HPLCT TR 7ol Az HE o 2 v 24
2t vhd 3 wlaol Mg A 488 4 U2 FRIssith

2. MEY mf Ao I T2 i% Tt

Al maf Aol whE AAE] a2 B7kelr] fsl, = 71EE shajer uAT1E vl
SFATKFig. 3A). AFRESI-HPLC 715 it AegollA] 19wt d7] At fRR|E HeLEet
E2 Bt Tt oS e oW, WhE 27 7 EEHAF oF 3u] ol 4Asste] 24 @Al
A I AR gl ﬂ At

1719 ok §8L AH o sRolsly] Q8] A7|HMET 7|8t AlE 13 X|4x(Z-index)
£ TRt 4260120 MPa)JﬂL Al S(1-10 cycle) 24004 S8 Fig. 3B). Z-indexa=

https://www.etals.org
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4= Mannose

Glucose =3

Standard

S.C

S.B

[T—————————]
0 5 10

Fig. 2. Selective quantification of mannose released from yeast cell wall mannan under the
established HPLC conditions. Representative HPLC chromatograms of mixed monosaccharide
standards (glucose and mannose) and sulfuric acid-hydrolyzed yeast samples derived from
Saccharomyces cerevisiae (S.C) and Saccharomyces boulardii (S.B). HPLC, high-performance liquid
chromatography.

Az mhalof] met JEEhs ol BE 378 Wcks AEZ, 02 vlub] Ae, 12 2 o
S ouRIth28]. BE 4 2ANA 271 1-3 35 59 Z-index7t FE5HA S7HIoH, o]
£ 1ol ofef w2 Alzy Fdt AlE B4 WEo] YojitS AR ESE 5Y S04
AL o] HEHE B &2 Z-indexE P oM, 120 MPaollAE= 109 A2 A] Z-index7} 2k
0.960 Tgote] A9] gt Al ma7} o] FoiFr. o= o] A5k A=t Y=aE A4
sto] 88491 AlZY TS fediths 7|12 Bael dX3ici29,30].

F7H 0 R, Al oif & N HE ODyoolM 5743 22 Fig. 30), Aol 7S
ODygofte] Fadhs A3 BoH, ol Azt Al 3540 o 22 oo Hajjwof
glo] Algto] ZhAFS-S UERATH30]. o]et FE: A4E Z-index 27 FAT L=, 19t
TA717F =2 FEolA v FEst 71AA g 42 guleitH31l

Z-index®} ODyo T 3= 247 A2y E49] WE F=EH 2| 1)et Ax 12 oHs(E
214 215 Hrgoto] A =S HehlY ofE B 1U4E7 7 fEHlE 718k shjof]
off &1 o Zotal A AEHS spghe SRIekltt AA e A1) mh FL4S Ak
Bl a8y vt A%, I8 ¥ HPLC A H=E 9ok iy g4olng, vdwtdy]
9] 2 AL B4 A9 HAEQ1 H ol FHHoR 7]ofgict, o]f3t olfE & At
oA Tt g EHE] AT WHloE IdHAVIE A8

-

3. CRISPR-Cas92 0|25t 2t J14M U XMM S cerevisiae AT 7=
uht glefo] Aolet FE SHH L] Ysf, Al uhck kAol Tojshs HA SARE A0
2 CRISPR-Cas9 AIAEIE o83 304 47| 9 Tkl ke A8sileh. it Ak 25

[oJR )

o

rol

GDP-mannose] 325 Z7W717] 8l PEK263}+ PFK27 SRR wkfistal, PMI40 D PSAL
< IR AA L

=S anol Alxd fgs 24 HelE 2”Isk7] 93] Bio-TEM 242
oYY S cerevisiaer AAPLET} w2 WS HEREFSH ol = 9
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Fig. 3. Comparison of cell disruption methods and homogenization efficiency. (A) Cell wall disruption
efficiency of Saccharomyces cerevisiae (S.C) following bead beating or high-pressure homogeniza-
tion (HPH). (B) Cell disintegration index (Z) measured in yeast treated to HPH at various pressures
(60, 80, 100, and 120 MPa) across 1-10 cycles. (C) Optical density at 700 nm of disrupted yeast
suspensions after HPH treatment at different pressures, reflecting changes in turbidity associated
with cell disintegration. Error bars represent standard deviations of triplicates.

TEEE A2 125 EHtHFig. 4A). S.C-LM 5= op¥d tiy] &5 widoe] A3 gk
o], Tt M Ao e 2 WslE A3 vigH 2o R SRIE|SITHFig. 4B). WA
S.C-HM #5&= Tt Jo] F41 FYsHA dgd FeiE EokFig. 40).

GDAI 7719 A|A= SIAARIA Q] AAA Se|TASE B8-E AotA A Tad 2 229
T AISHE ofg} Al bR SRS Hoiohs A0E A UtH15,16]. oo wet S.C-LM
oA T TS A TSt AA| Alg Qo] FAA 2 FAS HIEYAS] SIE
P AR BEo] MBSt B 719 54 S7et 22 AlEH EE(compensatory cell
wall maintenance) 429] 243} 7FsA% A715H(32,33], o= S.C-LM2] A|l=H mjAlLx ¥
stete dA3eH34,35]. S.C-HM w2 7B, PMIH0Z PSA1 +7A419] IPE@2 FOPERE
MIPE AA GDP-mannose 29| &4 S5 F7MIZ AoR WwEtH34]. 3+ PFK26%
PFRK27 5772] SR Qlsf FoP7 F2,6bPE ZSH=|A] QFOTHA|, FoP 40| £315]11, ol= 2=t
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(A) Saccharomyces cerevisiae

(C) S.C-HM

C-mannan [C- g - Glucan

Fig. 4. Composition of cell walls in Saccharomyces cerevisiae (S.C) strains. (A) Wild-type S.
cerevisiae; (B) engineered low-mannan S. cerevisiae strain S.C-LM; (C) engineered high-mannan
S. cerevisiae strain S.C-HM. Mannan and A-glucan in cell walls are illustrated in red and blue,
respectively. Scale bar: 200 nm.

GDP-mannose @/d% S71= olojxIt}. o|gfgh &= 28 ko] ¥ M6P 9 MIP 4 B4
GDP-mannose /S SHialet 4= glom, sidaly oA A Hlsid H==9] g4 S50] F7F
St 712 Baoke IX3eH34]. 29H0s, SC-HMOA g9ls =2 vt S8 a2 o
&R A T adks dof, W AT AR R dojet SATiAL AHiie] Bgtaow
283} AE spAE)

OI'
4

4, A} BhoA FIWS O|S3 DRt T U KA 30| Oht Sy 23
B T AR B A T YRS Bk S, £ Aol SEe At
SHHPLC /1) Pt B2 3150, A @l SUT AZAZIHOON-1 9 St
P Wrlslel AR SYsIEon, $3 F A5AL 25510l HPLC-RIDE o83}
B S SES SIS ST T G0 T S BN 4850 35

I_

o
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Tt =k SF0loinh B4 A, At #5291 S.C-LM2Z oy &H o] <F 0.894] R
S Uehjo] Al vhdo] ASE ERIskYt. i g 7= S.C-HM2 oy d
B o] 1128 =2 vhd 9k Hlom, o= fHA 22+& B3 GDP-mannose 3+ 57}
7F A gt 4o AFH R 7)o 3E AARITHFig. 5).

:

5. A DR A MIHS 0|25t T2HI0|QE| 29 S boulardiR| Wt & &

S boulardifi= S cerevisiae HB| AZEH T ZF Thd Bl&0] =of, U B At F2
Ao 9 &S ks A TaHlolod g AA Qltt £ d-tollA= AEsi-HPLC
7lHto g =3t ghe A Aol 84S FRlsl] o, Thd 1A BA3E = S boulardife
4 o2 AAs9Ict of& CRISPR-Cas9 A|AEE o84l GDAI IS ohfigho 2
Tt AR FES.B-LME F7HR 75519t

Bio-TEM £-40f|A oE S, poulardite OPYFC] S, cerevisiadFig. 4A)RETH B T4 74U
3F 9% WSS Hol gt wAAF o] Al 25 UePichFig. 6A). 1, GDAI 5847t
e S.B-LM = oW8@ S boulardii H¥] 1% BhdSo] tha globA QloH(Fig. 6B), °l=
Y AR 2 Ago] T T BEoA g Tt THAE §EE dER

S boulardii OB} S, cerevisiae OPIF Y] AEH Tht RS BlwgHo 24 Al AHHO)
s 9 5 7+ 2842 378K A 2, S boulardii OPEBOIM &S wht K0.336
g mannan/g DCW)& YEFHCH(Fig. 6C), o1& g &0l S cerevisiacETh A28 T vl&
o] &1 1Hhto] 12 EAS AUth= 7|& H1ueke YX|FILH36,37]. i Aak= 2 ey
o] A=Y thdF o] IA tE F 9] AolE WA RS & USS HolE

ANz S boulardii dFHS.B-LM)Q] Tht 3RS oblE S houlardii HH] HASIATHFig.
60). o= 8 cerevisiae®) 739 IR 444 GDP-mannose 33 ARt 9 ZAA] 282
Ast §& Aoz Qlaf Az it F8o] Aoid A= sjAHETH35,30]. ol2fdt H A=
TEM 719F Nl2s olqt2 Hsjele AXSIACH, S boulardii OPIFL T4 #L3H ht &
o], AAAF #21 S.B-LMOlA = tha Gfoldl whidgo] = tkFig. 6B). 3] 5Ugt GDA!
ZA40] S cerevisiael o2} S boulardiPIAE LE Tt ZAS SEFTH= A2 GDAO|
% Eo|z 947} oflzt an AdlolM HEZ oz Z235h= HA] 24 QRIS AARIH15,16].

g=F dlo|El2 TEM 71t Alas] f it -4 2490 AR Ak AL & A-tolA 5

]
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Fig. 5. Comparison of mannan content in Saccharomyces cerevisiae wild-type (S.C) and genetically
engineered strains (S.C-LM and S.C-HM) using mannose-based quantification. Error bars represent
standard deviations of triplicate.
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Fig. 6. Composition of cell walls in Saccharomyces boulardii strains and comparison of mannan
content in S. boulardii using mannose-based quantification. (A) Wild-type S. boulardii; (B)
engineered low-mannan S. boulardii strain S.B-LM. Mannan and S-glucan in cell walls are illustrated
in red and blue, respectively. Scale bar: 200 nm; (C) mannose contents of wild-type S. cerevisiae
(8.C), wild-type S. boulardii, and engineered S. boulardii (S.B-LM). Error bars represent standard
deviations of triplicate.

3 APIGRHPLC 4 SehE0] HeHnt B2ake e BAlo] SR et Al A
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B Ao A= A 7k ARSI HPLC-RID #42 2%t an Alxy wht Heis
oty diagsroR 55t toet G ool A85o 2 1 B8 7154 Bkl
Al a1 ghdS ol gslo] AeES-HPLC 242 HAsst 2, vt 5ok AAE e
BE AloloflA] =2 AdTEE VeI S cerevisiae?] ARNEZHO THE el Sh= AFE
o= Z7tolo], Ao it Al ghto] A AJIIS Btk Thd APAE F(S.C-LM)S} T
AR FFS.C-HME 5310 APIeRS-HPLC A 23, A=A A it g=ke 243t
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