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Selection of Wild Type Saccharomyces cerevisiae with High Protein Content
and Improving its Protein Content via Random Mutagenesis
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Abstract

Protein can be provided by cultivating various microbes, which contain more than 30% protein content by cell dry
weight. This study compared intracellular protein concentrations of various wild-type yeasts from different sources
to select the best yeast strain with high protein concentration. Among them, Saccharomyces cerevisiae KCCM
34709, used for molasses fermentation, exhibited 4.1-fold higher protein concentration than a laboratory yeast strain,
S. cerevisiae D452-2. In this study, an approach consisting of random mutagenesis coupled with the Bradford protein
assay-based screening method was applied to enhance the S. cerevisiae KCCM 34709 protein content. Among 1,000
mutants, the #180 mutant strain produced 5,041+£519 mg/L total amino acid in 48 h, which was 31% higher than
the parental S. cerevisiae KCCM 34709 strain. These results demonstrate that the #180 mutant strain can be an

attractive cell factory for animal-free protein production.
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Table 1. A list of wild type yeast strains used in this study

¥ HolA o] A AfHoR 24E FAAHPEA
(genetically modified organism) 4| t)/de] o}]7] uf
oA G AR g7 &l o R dAdE
The X

AE 7

30%52] ok E S cerevisiae B <AFE FYFHAALH
BAE 9} st EREAE ZHE YRSkt Table 1).
AY 8 a8 FFEE S cerevisiae D452-2 (Hosaka et
al., 1992)& o] &3ttt

96-well plate == 52 Hi2F

YPD JZAHIR](10 g/l yeast extract, 20 g/L. bacto peptone,
15 g/L bacto agar, 20 g/L glucose)?l] FAE &% FZ
(colony)E H+t I9AI7HE & o] 200 uL YP50D 2 AH)A]
(10 g/L yeast extract, 20 g/L. bacto peptone, 50 g/L glucose)
of HEaAth HF Foll 30°C, 250 rpmol|A] 48417+ F<F

Scientific name Deposit number Characteristics Scientific name Deposit number Characteristics
KACC 48234 Nuruk made in Gongju KCCM 12651 Tokay wine
KACC 48330 Makgeolli made in KCCM 34709 Molasses fermfentatlon,
Danyang polyploid
KACC 48331 Makgeolli made in KCCM 51299 Nuruk mafie in
Yeongam Gyeonggi-do
KACC 48332 Makgeolli made in Saccharomyces KCCM 50518 Sake
Goheung -
cerevisiae
KACC 48333 Makgeolli .rpade in KCCM 50549 High etha.nol .tolerance,
Dangjin diploid
KACC 48334 Makge.olh made in KCCM 51288 Makgeolli made in
Uiryeong Ulsan
KACC 48335 Makge'olh made in KCCM 43339 Nuruk made in
Uiryeong Jeollabuk-do
Sacchargmyces KACC 48336 Makgeo!h made in Saccharom)./ces KCCM 12233 Molasses fermfentatlon,
cerevisiae Chilgok anamensis polyploid
KACC 48337 Makgeolli made in  Saccharomyces — y nopnp 11015 Grape juice
Jeonju coreanus
KACC 48338 Makge"Al;;“ade n Saccharomyces  KCCM 11352 German white wine
ellipsoideus -
KCCM 11306 Sake KCCM 12224 California wine
KCCM 11695 British beer Saccharomyces KCCM 12485 Grape juice
capensis
KCCM 12249 Larger Saccharomyces KCCM 12634 Spirits
formosensis
KCCM 12488 Baking Sa;?hamwces KCCM 35222 Spoiled beer
iastaticus
KCCM 12638 American whisky Saccharomyces  \1o \yA-796 Probiotics
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Mo 100 uL Y-PER™ yeast protein
extraction reagent (Thermo Fisher Scientific Inc., Rockford,
IL, USA)E 7Fste] A5 a8ttt BdE o] &3]
108 3]2ek g% ulajd 10 uLell protein assay reagent
(Bio-Rad Laboratories, Inc., Hercules, CA, USA) 40 pL,
GF 150 pLE F7Este] RESAIZL 595 nmol| Al 53
=& &3k 52 ILHHC’—HOH SAlehe il TR
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«LH] Aol EAst= 74 oFv|=Ak(total amino
9} 2] oln]i=2H(free amino acid) FEE A&
T 28 E 7171 A(NICEM)dl| o] 2|8te] #4138}
Ak B4 A3 AT (Lee et al, 2013)] 71931 Inno
C18 Z ¥ (Young Jin Biochrom Co.,

Seongnam, Republic
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SmL YPD HA|u Al A 12417 vl FE S, cerevisiae
KCCM 34709 @52 ODy,*mL=027} H=2 3533
T}, 6|2 S0, 0Dy, FA7} 109 7S] 02mLe] TR
Wl ARGl a8 AXE 343519 34d
AR AJZE 200 uL YPD |8 A| 2 resuspensiond}al A}
2]’4 W 3Z(G30TS, Sankyo Denki, Hiratsuka, Japan)Z-E
20 cm oA T2 XA Z T} 244 7F BOF 19 S A}
shHA A7k e ZRe AEES SAsIuT ASE
< AQHE ZARE 3R AME @89 50 pLE 3ot
serial dilution3}22 YPD ZAjA]o] E=@sle] PP = &
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Sigma plot (SPSS, Chicago, IL, USA)S A}&-3te] &4
RE HelHe Hitd £F UAE Uepth 23] =
THE A4 2 2FHE -7 (Student’s t-test)
ol A WaE YA p<0.059 7ol SAA
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Fig. 1. Comparison of protein concentrations in various wild type yeast strains. Yeast strains were grown in 100 mL YP medium
containing 50 g/L glucose. The relative fold change was calculated based on the protein concentrations of the sample strains to that
of the S. cerevisiae D452-2 strain. Results are the mean of two experiments, and the error bars indicate standard deviation.
*Significantly different from the control according to Student’s t-test at p<0.05.
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96-well plateo] HE3IHch a2 2 A3 2%91 30°C
ol A 250 pme] wHF £ 4847k FoF KB wjge 5
of WolAEo] Aol Tl A FH(relative protein content)
2 A @A FE(relative protein concentration)S =74
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Fig. 2. Comparison of protein contents (A) and concentrations
(B) in the parental Saccharomyces cerevisiee KCCM 34709 and
its mutant strains. In total, 1,000 single colonies derived from
the mutant library were grown in 200 pL. YP medium containing
50 g/LL glucose at 30 °C and 250 rpm for 48 h. The relative fold
change was calculated based on the protein contents and
concentrations of the sample strains to those of the S. cerevisiae
KCCM 34709 strain. The arrows point to the variants selected
for the second-round screening.
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Fig. 3. Comparison of protein contents (A) and concentrations (B) in Saccharomyces cerevisiane KCCM 34709 and its 16 mutants
selected from the first-round screening. S. cerevisiae strains were grown in 100 mL YP medium containing 50 g/L glucose for the
second-round screening. The relative fold change was calculated based on the protein contents and concentrations of the sample
strains to those of the S. cerevisine KCCM 34709 strain. Results are the mean of two experiments, and the error bars indicate
standard deviation. *Significantly different from the control according to Student’s t-test at p<0.05.

FQ1 8. cerevisicze KCCM 347092} H|<=3l =52 whzl

%P%k 2 FEE eSS ey & t‘dﬂiﬂ%% S.
cerevisiaee KCCM 34709thH] ©hild gk 9l F=7} 50%
o) FFEAT HFTH o A gheFo] 50% o)/ 3F
e HolA| FollME 115#92, #176, #182, #294, #359,
#654, #669, #688, #0694, #855, #991)S AW 3} L (Fig.
24), T FETF 50% oY T ®olA| FoAAME S
Z(#177, #180, #394, #680, #893)S A1H &} TH(Fig. 2B).
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olAZ 100 mLe] YP50D HAR| S X35t ZpiA=
o] HE3stAth 30°C, 250 rpme] A 48417+ FoF
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éﬂr #180, #394 oA & 23 =3
21 S. cerevisiae KCCM 34709K.t} 5-2]
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HATHFig. 3). ZFAME 53] #180 WelA = =aF S
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2 3t 2 F=E vebit
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2 Yol TaH o] 9= &3 thuld ko J A% o)
AZvtEIY I E o] &l FstATt 2 A, FE obvl
kel A9 AYE 8% FF2U S cerevisiae D452-2 Tl
H] S cerevisiae KCCM 347099} #180 Ho|A oA A4
o7 FEUF v AAEAARE Z Zpol= I THTable
2). WbH 1A olu|i= ikl A9 S cerevisiae D452-29} H]
w3t S cerevisice KCCM 34709 2 #180 oA oA <]
FTE7F SAE BE opnite] tial] d5sHl =4 vE
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Table 2. Comparison of free amino acid concentration (mg/L)
in the D452-2, KCCM 34709, and #180 mutant strains

D452-2 KCCM 34709 #180 mutant

His 4142 2242% 25+0*
Ser 85+4 58+4* 62+7*
Arg 240+15 163+15* 245+28
Gly 7542 664 * 75+6
Asp 25+13 2244 35+17
Glu 194+14 241+£13* 274+42%
Thr 58+4 31+£5%* 40+1*
Ala 65+5 62+5 82+15
Pro 56+4 374+5% 47+1%*
Lys 108+5 7E5%* 10+£6*
Tyr 3244 8+5* O+2 %
Val 139+5 484+20%* 33+14*
Ilu 7244 25+14% 14+6*
Leu 97+6 24+4%* 25+2%*
Phe 30+4 1£2* [£1*
Total 1317+40 815+48* 976+£72*

Free amino acid concentrations were determined after cultivation for 48 h
in 100 mL YP medium containing 50 g/L. glucose.

Results are the mean of three experiments with standard deviation.
*Significantly different from the control according to Student’s t-test at
p<0.05.

N.D., not detected.

Table 3. Comparison of total amino acid concentration (mg/L)
in the D452-2, KCCM 34709, and #180 mutant strains

D452-2 KCCM 34709 #180 mutant
His 78+5 135+19* 154+14*
Ser 179+15 302+41%* 393+36*
Arg 13249 253+41* 324+32%*
Gly 196+15 322+43* 411+40%*
Asp 100+14 160+33 370+34*
Glu 178433 471£179 452+66*
Thr 155+15 289+42* 382+34*
Ala 132+13 257+£33* 344+29%*
Pro 130+13 224+30%* 286+29%
Lys 84422 2124+37* 3124+30%*
Tyr 47+8 143+£31* 190+27*
Val 153+19 297+38%* 389+42%*
Ilu 104+13 206+32* 272+£27%
Leu 186+20 340+52* 448+39*
Phe 7910 211+41* 271+£36*
Met N.D. 17£13 42412%
Total 1933+219 3838+642* 5041+519*

Total amino acid concentrations were determined after cultivation for 48 h
in 100 mL YP medium containing 50 g/L glucose.

Results are the mean of three experiments with standard deviation.
*Significantly different from the control according to Student’s t-test at
p<0.05.

N.D., not detected.

W THTable 3). #180 WHolAl & FFHAHS A9 =44
RE FA] ofu|iAtel] theljA] BT S cerevisiae KCCM
3470980k & FEE YERIT olol wl, A ofv]=
2 AR FEE #180 WolA 9] - 5041519 mg/LE

1298 - 4]

3,838+642 mg/LE YEPH S cerevisize KCCM 347091 t}
31% =2 X5 YelY olgst A= AolA 2A}
9 H=v= gl e 7)dke] R Edwe] ¢
AY 7IHE S DA 33k S cerevisicie KCCM
34709 wo] Tld AN FEE US THAE 7 Ae
< BT B2 Ag ofv|ike HEgedow ¢
HA Ao ™ (Bratosin et al, 2021), ¥ AFANME S
cerevisiaee KCCM 34709 % #180 WHolA] 2%+ WEg W
gheFo]l g2 ofm it HlE] we o2 I Th
(Table 3). WA, T4 AFdA = FE=7 3(directed
evolution), A3t} 72 7S 3l #180 HHolA <]
HEed e 0 SUAZ Hevt s Aoz A7t
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2 Ao e dud 3L a8 455 stk
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AF 3059 @ dE w=E SAste] Hwsisltt 2 4
L ASE g JFF2l S cerevisiae D452-2 THH] Al E
A T 4] =2 G2 HE 8 G5 S cerevisiae
KCCM 347092 o v3kek 28 gue Adsqo.
S. cerevisiae KCCM 34709 +5-2] ©ld gaFS ¢S 5
A1717] 918l Ake)ad A 9 Bejlese vl ey
718ke] Fzhe] Edwe] B AEHE £ttt 96-well
plate #=9] 12} 232]d ¥ ZEkA3 59 23 A3
S Sl HFHOE #180 HolAE AE3A ) #180
HolAl= ST AL BE 74 ofv| =2t tis)
BHdF2 S cerevisicee KCCM 3470950} =& F3& U}
R #180 WlolAl o] 4 ofn=st FEE 5,041£519
mg/LZ YERY S, cerevisiae KCCM 34709X.tF 31% St
H FAE Bt B AFE 5 NEE S cerevisiae
KCCM 347092] #180 ®lo] A= thFet thA| A F2] &
dEZ &89 F S Zo 2 yEh
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