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Experimental studies were carried out to develop an osmotolerant mutant of Candida magnoliae JH and to determine
the optimum concentrations of carbon and nitrogen sources to improve erythritol yield and productivity. Mutants of C.
magnoliae JH were prepared by treatment with ethylmethane sulfonate, and osmotolerant mutants were isolated from
the agar plate colonies containing 2.5 M KCI. Among the mutants isolated, one mutant M26 was finally selected based
on erythritol yield and productivity. In shake flask culture, glucose proved to be the best carbon source and the
optimum yeast extract concentration was 5 g/l based on 100 g/L glucose. The erythritol yield and productivity of
mutant M26 were greater than wild type in 100 g/L glucose medium. In the fermentation experiments, erythritol
production increased with increased glucose concentration, up to a limit of 250 g/L. The maximum concentration of
erythrito! achieved 127.5 g/L, and the vyield and productivity of erythritol production were 51.0% and 0.63 g/L-h,

respectively.
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A AR tFFo] WEHHG5,6,7), BN glucose F
ol P& vHA Fornz PGy gap) o] Ed £ Uk
(7). = AN FATA st 0|82 ¢kv] Wil
Al a7 IThY).

ol E ol A erythritole] ko] I ATFE FF
o] g, dolgFe AY ¥ HaEZRA HHIsE o]FolA
St} Ohnishi(9)w= 156713 AR Ee] FUF YA wigt o
T2 %3t Pichia, Candida, Torulopsis 5©°) erythritol 32k
TFYE Busth Hajny F(10)& 3HEolA H2|3 yeast -
like fungus$l Moniliella tomentosa var. pollinis7} 35.7%2]
glucose HiAoNA] 456%9 F&Z erythritolS AYAHSIY T
AFE Huskdrk 1 F Hattori $(11)-& Candida zeylanoides
o o3t erythritol A2kl thgt AFE FHPEH 2, Wako
F(2)2 1LFE9 erythritolg ilste o5& B4 #
Aol A Aureobasidium sp.2}= erythritol A2F #3523}
Ak E3F HZoe Acki B(13)0] ¥ ¥ (honeycomb)ol 4]
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Trichosporonoides sp.2}e #FE METH 40%9 FE&2
erythritol & A4H s HRFHHAT. FlME Kim F(14)
o] ¥ HAHA a3 Candida sp.7} erythritol e A&
Bustgon, 9Al Pak (5% ¥ EIAM FF
Moniliella suaveolens var. nigra7} 40% 9] glucoseZHE 4
2%9 487 1.4 glL-he AAAHOF erythritold AAEE
Baagoi16). =3 Park S(7E E HCdA #a@
Trichosporon sp.7} 30% 9] glucose H|X[o|A] 141 g/L9
erythritolo] MAES Budteh a2y difEe] Beg i
ZZo] glycerol, ribitol, mannitol 59 FAHEE AU
g L AAAo] yro} Akdsle] o] 4-3tA] E3lal gtk
whaba] A2l erythritol AHAFS 3 w5 skl dig
AFE UYEEe] 4%t 2AEAZ PUFTES BV
2o AFEQ tiF WAle] ¥& TFY $E erythritol 4
A Fgo] 28 TFee HE o)l WelgFE AE
sl Aol YubHolth 2 Ishizuka S(18)S Aureobasidium
sp.ol UV %A} NTG #HelE 4202 R8st Hu
erythritol A§4teko] ofFFo) Blsld 50% F7He 7 WA
WHolgFE Adaigion, o HolgFv A U Nt
LA Atd Ao g olgux gled F&-2 40903 A4t
AL 20 gii-h AxY #F39) Ao g ok A F(19)
% Trichosporonoides sp.ol EMSZ A3l FuiAdst G
Aol ol WHolFFE Beld Ayt 7 A wlolaFE of
Ao wls) AYago) 2.7d) FUE AR HISAT. ut
el Loray $(20)% olekg A2 FF  Saccharomyces
cerevisae®} & A &R Debaryomyces hansenii®] AX g
o B3l 5o wro] Fol Fid wixdA e o
o] WAQsHo] wojid hybridsE BUTHY LR3}ATH
Yurz 0 2 erythritol AJ4AME 3 FaF GaAMA] AY
& egaddel EFF9 24 F AR 24 Fd Utk
Hallsworth $(21)& iz Wie] BAQ 02 glycerol, glucose,
trehalose, starch 58 ALg-3le] & 49lo] 59 x| 3¢
Z A nAe 9gs s, 7t gAY SR
Fro wgA FFEo| A BYEY FF9Y wE4
degs 2342 23359k Aoki 5(13)2 ©@Eo] pentose
phosphate pathwayZ A A erythrose-4-phosphate = A FH= 11
phosphatase 9} erythrose dehydrogenaseol] 2]3] erythritolo] 4§
A8 Aol glucose7} 71 W] diAbEg o) o8-
S nasgch w3 ¥ WA BE3 Trichosporonoides
sp.E AMEE NES B3l glucose$} sucrosed] 2|3l
erythritol 2] & AES wlug dA7AFdA £ET} FY
ARETA glucose?} T $73k.omi(13), oju] 400 g/L
2] glucose XA A 47% 9] +&& EATH22). #AE
EE 53 AR AalA] tARIES HEoE P
e mlAaEe AL Adse ZE$7h ded, 9
erythritol & ¥33 FUF gravixle Ao wa)
A9 Tt 2L 548 /N3 itk 2 A2 AAd
o) oldle] Azl Aol AFE o FEF #4
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& wjRA9 ON ratio Bt} £& 54E 7HAY B3Eg 4
o o]&sle TFY FF wel e aviAs FY
2ol C/N ratio® 8781 gty & C/N ratior} B oo
2 %8 A%de B9 AR&Er AdtEHa thEkel BAE
o] MAHE WA W& Apdle AITEEsb Sk
erythritol®} 4~&0¢) HojAle @3] JUATH19).

gty B A7dMeE §& 482 erythritols AH4H817]
ety B AN B8 Candida magnoliae JTHS 0] &3}
AEQ WA HolgFe My B4 B FAY HH F
=449 ug d7E Ak

T
3%
B 7o A dFE Aguga HETEs M

g AT B HyozRE ¥eldld Candida magnoliae
JHE FAE F35 B o} o839 H14).

HH QU] A = A

ANzg F59] wloke 20 g/L glucose, 10 g/l yeast extract
2 10 g/L peptoneo] 3EEE w2 50 mLE 250 mL baffled
flasko] w3 BF3 Fo) HE3h 30T A 4847} 200 rpm
o7 g wjokEle] AMEEIHTE RE flask wjF H fer-
mentero| Ao} HEZE 5% (v/v)E &tk Erythritol 322
23t WFE A= 100~300 g/l glucose, 5 g/L yeast extract,
5 g/L KH:PO,, 2 g/ (NH.).S0., 0.4 g/L MgSO. - TH0E
Abgatgch, Mehfokrlol o erythritol MEE HEHIA
200 mLE 500 mL baffled flasko] 251 28°C 4] 200 rpm.o.
2 el gstgnt. FAXRE o]843 erythritol WHEE THEH
2] 1.0 LE 2.5 L jar fermenter (KFC, Korea)o] i1 B3t
3o 28T oA 05 vwme E7|¢ 700 rpmO.E W EHEFHA
AL FYsHGh BE LHuiA Y £7] pHE 5 N KOHE
olg3sle] 7002 FHIYT)

Ho|RT % ASY U4 HojaFo MY

dat Fof] thF AEG WS Zhe )T 4EE 9
gte] opAluFo] ASo] BFsd ¢ (KCDH T (glucose) ]
TEE ARsE ¥ FYSUCh Fo o Wy 23
300 g/L glucose, 0.7 g/L YNB (wjo amino acid), 20 g/L
agar7} 3% #x]o) KCIE 2.0 M~3.0 M2] =¥z &
7t Zrlsle] AEEEa, "el tig WA HEE AaMe
0.7 g/L YNB (wjo amino acid)9} 20 g/L agarol| glucoseE
Z}7}h 400~700 g/Lo] FEHAR i wWAE AHEEET.
A3 Wi oM E Z17hY] agar plateo] peakingd Fof
colonye] ¥4 ¥F It Mehujx)e) @3t T} =
& AAsAch oA FY HolFEE 3t WA spored
Han 5(25)¢] ¥hHel 93t C. magnoliae JHE] spore®E
et HolfEe B AFAMAAM AMgshe WHES2082
F313l9tt. & 433 sporese] 10 mM 2-mercaptoethanol )]
A 3087 AEEkdelk 2 & 0.5 mg/mL lyticase (100,000
unit) BEBolA 4A)7F F WHSA]F vegetable cell A
3}l spore gHS AT Avle) 0.8% ethylmethane sul-
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fonate (EMS)E 3027} Hegldle] WolE $%3}7 5% sodium
thiosulfate & H7}8to] ¥H8-& FHAIATE o] spore HEY S
A Wiz g4 T & WA HolgF Ade Ae=
0.7 g/L YNB$} 700 g/L glucose?} ¥3}He agar plated] =2
32, @ WA #HolmFe A¥Ee 07 gl YNB, 300 gL
glucose I 2.5 M KClo] X34 agar plated] =23} 30T
H| 71 x] 7U7E weFakddch. Colony 47ge] 43 @58
1212 Ayelgon], AHE colonyE RO flask uljokol
oJ3}ed erythritol®] &3} AiHdo] 7P $48 WOl TS E
#HEHog st

Ay

Glycerol, erythritol®] A2k2 NH; column (Shisheido, Japan)
S o]&3le HPLC (Waters, USA)ol|A] RI Detector®2 48}
Act. ol &= B3 acetonitriled 15 : 852 EF3IIA A}
£35oen, #4542 14 mL/min ©|3 column® L= 40T
Tk WA ) BEG FEE BLT ¥HB pe 2do
2 HPLCE AMg3lygch 3 HPLCE A3 glucoses] &
go] B7Ps3 7% Glucose Analyzer (YSI, USA)E A}l&3}
of EAEHTE. AHE FE+E  spectrophotometer (UV-1201,
Shimadzu, Japan)E A}&3te] 620 nmolA] optical density
OD)E ZHIIYT AzwATe FH=s ARG (dry
cell weight)®] EFAMd] oaled Az FA|g (DCW : g/L)
oz sy o] W EEIHLE 43 T HEY #A
of thal FHEE =43 Fol o] §4 5 mLE 02
membrane filter2 <213t Tk FFHx7] 80TS 50 mmHg)
olA 48A17t AZAA FAFE Ak HAPEH C
magnolige TH 3 mutant M262} 1.0 O.D= 025 g/L9] AZX
THFS Ve ok

fel

Zn Y niE

AE LA HolgFo| ME

yubmg oz gebgol At AEY WS M aFvt
+9% Aeg dEx Urhio13). F AEY WY FEe
2R=Zo A 5P vz AEG Aol 3 W
olFFe] MEE T FLF At ol8IEe A=t
wo| ByEo] Arki18,19). WM =& F£&Z erythritol S
AREhe 13 NEe AsY 52 R B Ee FdA
Ago) 8 WolgFo A g 4PS YAk

WA ARG UAo]l L wolg e HHE sty C
magnoliae TH} 2 2 & Ul4do) wig AP ZAF (Table 1)
A glucoses= 700 g/lLel FEoNAM AFo] EIFFIIHOH,
KCI& 2.5 MoijlA] ujekst Algo] Bawo 22t w28 &
WA o WAle welRFE AWy 3 =2 43
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Table 1. Salts and sugar tolerance of Candida magnoliae JH.

KCl (M) Glucose (gfL)
20 2.5 3.0 500 600 700
+ + - ++ + -
+ : growth, - : no growth

ok =3 ARSE C. magnolice THE UWFAQ1 t}E osmophilic
yeasto} Zo] o Hr} ol tist Wido] tf Holxton, ole
WA o] AR 2HE Fojv ARE BilY w2 8¢
erythritol A& FEditle 2¥E 3T 4A¢ dEt 7
& A3k o] fEldte FE 4 4 AAT2).

C. magnoliae JHS] sporesol]l EMSE 23} WHolEs
g Fof] AduiR]o] HEst] colony AMAo] F48 TF
122 dEsignk o8 W] wWolfx ¥ 700 g/L
o] glucose HRAA AFo] 7pEd B WA WoldFe &
A Z3tgo). o) A9 glucose FErF WY A 4
A=A EMS) g BlolgxolX ol thal Aol $
3 WolgFrt f=HA @l WEes FAEY 1Y
2.5 M9 KC1 3jAlo) A= 1007] ©]A4He] colonyE A& 4
Ao, o]FofA colony AFe] gt 3270E HHEA
100 /L9 glucose AR A erythritol AJA53H-S Bl s}
AYE FYPSHUh F 120/ LHAA erythritole] A
o] 943 4719 WoldFet opEFo wigh 484
£ Table 20 YeRITh A3 47 WHoldFE9 WA
&5 BlseE erythritole] Adbsde] A7t 9le-& & F
AT WO HEE Fo|A] erythritol o] &3} Fe] AREE
A B §-23 Holida M26S HFHoZ AT

e

rir

A

}‘)’ —Ela e}

ORI T} HHO|ZFE M262| erythritol Ht5 E4

grauf ol opAFFQ] C. magnoliae THSE AB3 &
A woldFE M269] HEEAS Folrgch 4 glucose?]
FE7 100 gLyl EEuIR oM AHE 8Tk o )
ke HiRel 7] pH7F 7.09) LEH|A 200 mLE 500 mL
9] baffled flaskol] ¥1 LE& 30TA 200 pmo 2 g
Bl oF5} % ok

oplFFo] APATNA erythritol e MEFGTH BB
Z718e o4 4 Agen, Ho erythritol®] A2 glucose”}
Ao ARE 84A17+ vl A et (Figure 1), 23y
84417t o]FolE erythritole] FE7} F7t TAdE AFE
Jehigied, o) 712¢) glucose?} v} AR E Foi erythritol
< J)AZA ol&sy] Yoz ARHAT EF A A
9] %7t Yehde A7t H9 erythritol RS WERY
9o u2 erythritol2] AR growth associated form¢l Z&
2 #FFAUY. Erythritol ©0]9]9] ThE RAERE AT
glycerolo] #jjeF Z7loll AAE]eL} erythritole] HHE A

Table 2. Cell growth and erythritol concentrations by wild type and salt-tolerant mutants at 120 h cultre.

Strains Wwild MI19 M26 M29 M32
Cell concentration (g/L) 11.8 12.5 147 11.4 13.1
Erythritol concentration (g/L) 6.9 11.1 15.1 92 10.9
Residual glucose concentration (g/L) 30.6 322 28.0 354 344
Erythritol yield (%) 9.9 16.4 21.0 14.2 16.6
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Figure 1. Profiles of cell growth, erythritol, glycerol and glucose
concentrations during the baffled flask culture of C. magnoliae JH.
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Figure 2. Profiles of cell growth, erythritol, glycerol and glucose
concentration during the baffled flask culture of mutant M26.

AEE 84XTE o]lFdle BAHA ¥ 23y ZAdHrh
ol& AHEQt ZAEVFo] AEAGF &7 glycerolo] 2JF)A)
ojfFfR|aL F7|%h FrlolE erythritolo] AHFEY RHEA=R
M AAE7] wfolrt. o]elg L exponential phaseoiA]
glycerolo] AAE] 3 stationary phased]|AJ+= arabitolo] A A5
o AHEQ} 2 7)A o] o]Fo]Zl Debaryomyces hansenii®] Al
dAHe} FAIBEATH28). mg a3kl glycerolo] A=
AL C. magnoliae TH7} S glycerol FE| A% glycerokinase
9} glycerol phosphate-ubiquinone oxidoreductase”} f % 5 o)
glycerol-& A®3}7] WEo|th14). opTF9] ZSolle 100 g/Le]
glucose g x|ol A Ht2] erythritol A4S 193 gL ¢

£ 0.23 g/lL-h °|UTk
F Ul WHoletFsl M269] B9 erythritolo] YA EHE

569

AL oTFY vk 28y HolmF M269] i
BE4T7) opATE ol ISty A 3l 6047 0%
glucose7} 25 AREHUC} (Figure 2). =3 vjgxr)e] Alx
4ol 1L B gite dAEe AZst Rolr oplF
Fo Hgted #2 AEFEE YePNch o3 dde B
F ofdTFel Hlg) #HolgFst AFEY Aol =] wEel
O g2 3 RS FELETI ¢ & 2olE Y Ao
2 udEHAt g7y dHeldd:E M262 opdEE Ry
glycerol & o FHA AHES & = Aed, ol HEY
Z7 712 0] erythritole]] ¢]dle] HHe =z o]YA1 &8 B
qFget. oled wolgF M269] A$ol Hue erythritol
e 250 glLola 482 25.0%010.em, AAAEL 030
g/L-h2X & WA ®oldFol| 93l FuZe] 48 2 A
g =Y F U

a9 MY

Erythritol 8] #& oA AMEEE= A2 pentose phosphate
pathwayE 53t FAA erythritolZ2 AFEHDZ  WHolF
M26& o] &% o8] TR/ @AYE thE erythritol L&
g Fyste] HMEYAT erythritole] & L AW 7HR
5% gAAE ddstas g

T FE7} 100 g/LQl & ufx] 200 mLE 500 ml baffled
flaskoll W3 120 A|ZF vkl A E¥ =9} erythritol FES
2243 A3E Table 3¢ Ytk MEEEE sucrose Hl
AolA 200 gLE2 7P &4 dewton, th&o 2 glucose,
galactose, fructose A2 AEXFErl A eyt 33
xylose= ©tAhlo g o]&3lx] Eatych A galactoses Al
E3gE ol &HUAAT enythritolZ A= Fagch
wabA erythritol2] AJALL glucoseE El4Yog o] &L A
ol 12.6 g/LZ 7} £9koH fructoseE BAYOE o] 83}
= Aeoe ARAFeY erythritold] F& F A4 o]
glucose$} sucrose Ko} Hghsd], olel 2o Az FRJ
9]t erythritol®] A4Jo] FZ pentose phosphate pathwayE
A% AAE erythroseol] o]3te] AAE7] W&ot} o]F
A= Aoki 5(13)0] F HFAA B8 Trichosporonoides
sp.& ©] &3 glucose®}t sucrosed erythritol A A glucose
7v v ] Al o] gEths Hasl X8yt whebA
WolFF M269) B 732 C. magnoliae THE ¥ HF oA
EBEUL, & ATt W4 FFE0] ¥5HeE 7}
A EAEE Ad HREAN SA2908 glucoseES o] &3
97} erythritole] Aol JMF EYgounz gadoz
glucose & A& 3Pt

Table 3. Effect of carbon sources on cell growth and erythritol
production of mutant M26.

Carbon sources Dry cell weight (g/L)  Erythritol (g/L)
Glucose 18.6 12.6
Sucrose 20.0 11.1
Fructose 16.7 5.1
Galactose 173 0
Xylose 04 0
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Yeast extract 5o A}

iAo g BAdE LA % °ﬂ Hlgle] g 9e]
FEV 22 EANE 7R3 ok ] 299 1z 9
g AEe o] ATE T4 oaeo Aol 2R ATt
I HuEe] g}7] WjEo|th24). wEbA C/N ratio?} erythritol
A Aol e ZHQ3lEZ yeast extract FX7} erythritol A§4F
U)X e 43S AESGk & glucose7} 250 g/LE 7}
dEElR] 1.0 LE 2.5 L jar fermenter (KFC, Korea)ol] ¥
yeast extract®] HFEE 3~10 g/LE WH3AZ|HA WHold
M26& ARE-3}] glucose?} BT AREE AIZMFA wi%k
AP AAE Table 4o JERHATH
A AT A 5 g/Le] yeast extract FEA Hoh 51% 2
£ Jehlen, yeast extract FE7} 5 gL o)AM=
£ Zxsigon, AAAdE FUEET ook WhRE
NEEEE yeast extractd ¥E7} F71He) we} Fr1sko
10 g/L9] yeast extract FXEo|AolA ol 442 g/Lg] AEF
£ dS & St o9k Zo] CN ratio7} WS HjR| A

erythritol 2] &0 ZAEgEd, o= vIAE LEAA
dFg BFoz A7) HEAAE ON ratort E2 WiAE
ARSI S o) u| B Aol AgtEEA FEEe EHivt
23 ¢tk A9} dASATH2). wety FLE A 9
g 4 A9 C/N ratioe LukaQl MEB)Z|9 C/N ratio RT}
Eolob Hul, AXAFe ZFE FIA © 5 FE£9
erythritol- 2 A4+ 4= S 4 & YAk

rQL‘-lNHriﬂé

ofl r[r

Glucose =59 At

2 &Y BYE S
MRS 219 21]28 FHozZ o749 ‘1}
o AEQE w9FE A7 9o 4% ARYe o B8
Holghe 04-?—11_7} ArH27,29). o]= YHFEH O Z osmophilic
yeast7} GETH o]l gt Aol AM E& TR Fo]
F8 wiRA 27 XY Sxot A AEFETH A
ez ¥7] wWZelth27). try BEE e dFE
ol 457] YalME L & TFo] FHE wiANA FH
wEs} Jbssiol gk ARG Aol 43 sleg YF5E
Ho|#FE M262 o] HollA &2 vr%«] erythritol AY4F
o Fed wFold, ¥& 7 FxY wiAdAM LA e
ok wel Held#E M26& o] 83t 100~300 gL H

Korean J. Biotechnol. Bioeng., Vol. 15, No. 6

30 140 4 300
a DCW
A  Erythritol
L O Glucose 1120 250
-~ 1005
S 20 £4 200 5
~ 2 g
5 80 £l F
v $4150 §
-] @
= 60 g =
2 8
g 10 £4100 o
a 0iEl 8
B 2
0
20 =150
0 N 1 1 Iy 0 -0

0 2 4 6 8 10

Fermentation time (day)

Figure 3. Profiles of cell growth, glucose and erythritol concentra-
tions during the batch fermentation of mutant M26 in the medium
containing of 250 g/L glucose.

9] glucosert E3HE FABIR] 1.0 LE 25 L jar fermenter
(KFC, Korea)ol % AREE AZWRA A
A& sk

APANTable 5)o1A Hdl MEFEE T T2 F71
wel Asgouy HY erythritold] =T T FRY F7t
J wet Z7tsle] 250 gle] glucose sEolA] Ho 1275 gL
7F AarE)le) T3 eryihritol®] 83 A E glucose &
9 ZUbo uwet 250 gLAA FUhetdd Hoe FE&
51.0%0]2 A8 063 gl-h o]glou), 300 g/Lo] glucose
E= ‘]L oy A ol ZAdE Kim F(14)0]
oA FFQ C. magnoliae JHE 0] &3 A Azl vlud o

&0l 2-3HH, Aabgo] 2,541 F7Hg ol olHE A
ZRE 824 wEoM HHY glucose TEE 250 gL ¢l
S & 4 Yotk WHolTFE M262 o]&3 250 g/Le] glucose
FxolAM HEA 285E 4393 FAHE Figure 39 YERA
t}. Erythritol®] e MEARH tEo AHHo=z F7t
e BAEE B F don, AEAFel Hdld =2 o|F
5B glucosed] Tl 743 #Ade AE 4 AME

L3 glucose’} &5

Table 4. Effect of yeast extract concentration on cell growth and erythritol production of mutant M26 in fermenter.

Yeast extract concentration (g/L) 3.0 50 7.0 10.0
Erythritol yield (%) 47.1 51.0 48.4 45.8
Productivity (g/L-h) 0.58 0.63 0.70 0.70
Erythritol concentration (g/L) 117.8 127.5 121.1 114.5
Cell concentration (g/L) 21.8 255 32.1 44.2

Table 5. Effect of glucose concentration on cell growth and erythritol production of mutant M26 in fermenter.

Glucose concentration (g/L) DCW (g/L) Erythritol (g/L) Erythritol Yield (%) Productivity (g/L-h)
100 319 29.1 29.0 0.46
150 313 64.9 433 0.50
200 26.7 87.2 436 0.54
250 255 127.5 51.0 0.63
300 222 117.4 39.0 0.57
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