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Abstract

Red ginseng (Panax ginseng C.A. Meyer) contains many functional components such as saponins, proteins, vita-
mins, and minerals. Ginsenosides are major functional components in the saponins of red ginseng. Candida alloci-
ferrii INO301, which was isolated from Korean traditional meju, had B-glucosidase activity and major ginsenoside
to minor ginsenoside conversion. The optimum conditions of carbon and nitrogen sources were 2.5%(w/v) of galac-
tose and 1.0%(w/v) of soytone, while the fermentation time for the bioconversion of ginsenosides was 8 days at
30°C for 145 rpm. Under these conditions, C. allociferrii INO301 converted ginsenosides Rb1, Rb2, Rc, and Rf into
minor ginsenosides such as ginsenosides F2, Rh1, Rh2, compound O, compound Mcl, and compound K.
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M B
e A4 (Panax ginseng C.A. Meyer)S ThFsh #H
o7 R, oy T ZOoR o] HA oA e AL
AEHo] YA, AFELS] D% ginsenosides®] T
o] g4=EM A|Z-& ginsenosides”} A4 E] 71 %= HTH(Nam,
2005) Z4F Ul ginsenosides= TS 714 2 <2l A
S AV o] AeL st AHF &5 5 A B

& A7}t o]FoiZ vl ATHCho et al., 2006; Chae et al.,
2009; Leung & Wong, 2010; Kim et al., 2018).

T2 A FeE SA s G
5, 7147, $1x1°ll w2} protopanaxadiol (PPD), protopanaxa-
triol (PPT), oleanane®-Z W-FoiA] 3, 1807 ©]’d<] ginse-
noside’} €& ) ThH(Christensen, 2009; Amdadul Huq ef
al., 2014). Ginsenosidesi= major ginsenosides®} minor

Z4Fe] ginsenosides=
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ginsenosides® Y71 X] 3L, major ginsenosides (Rbl, Rb2,
Rc, Rd, Re, Rgl)e] 7t7]ol] EA)3l= Fo| B-glucosidase
9]5te] A A= minor ginsenosides (F2, Rg3, Rh2, C-K,
Rg2, F1, Rh1)Z ¥ = =d|(Sanada et al., 1974; Noh et
al., 2009), thF-E2] A2]E4Ad-2 minor ginsenosides”} A
Y3 7] wZe B2 A7} minor ginsenosides®] 71

2ol 2155 o] ATH(Bae et al., 2002; Cheng e al., 2007).

n &S o] 83 ginsenosidesgl AEA S| g A7z
= AANA FEE fFAEE 0835t RblS R3E A
EA S8R (Park er al 2017), Bifidobacterium longum=

o]&3}a] Rbl, Rd, Rhl, Rgl<S Rg3, Ri2Z A& 353k

vl QO W (Park et al., 2013), Aspergillus oryzae (Kim et
al., 2006), Saccharomyces cerevisiae (Choi et al., 2014)
59 X177} ginsenosidesE B EXASA|7|= A2 B
Hol Ut} dlFEe] §52 = B-glucosidase E/3-E AU
A7] wZel ginsenosides®] A& k] A3 Aoz F
T UH(Saha & Bothast, 1996; Schmidt ef al., 2011), FL%
©]-8-3+ ginsenosides®] AEAZ ] tst A+= v|v| g

7]1Z APl M= ginseonosidesE A EHIN T dF=
gl WSl X B2l® Candida allociferrii INO3012]
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EAS gt (Lee er al., 2014), - AFNHE C
allociferrii INO301S ©] &3l SAFEE EAl5I=
major ginsenosidesS minor ginsenosidesZ A &% 35l=
242 AH595, old] WE YRA A2 st

HE o

=
4 FE2EL E®Avlo](Seoul, Korea)ollA FUsFAL,
452 w2 YM HiR](Becton, Dickinson and Company,
Franklin Lakes, NJ, USA)E ©]€84t}. TLC plate (TLC
Silica gel 60 F254)= Merck (Whitehouse Station, Readington,
NJ, USA)ALS] AlFS AMESFASL, HPLC 410 ARE-H
&l E22XE, MEE, oHEYE-Y S Mallinckrodt
BakerAH(Phillipsburg, NJ, USA)®| A& AFE3tAd. &
522 ginsenosides Rd, Re, Rgl<> BTGin (Okcheon,
Korea)°l| 4], Rbl, Rg3, Rhl, compound K (C-K), compound
O (C-0), compound Mcl (C-Mcl) Ambo Institute
(Daejeon, Korea)ol| Al &5 &4t}

Mgt #Fet HikEA

TollA] Zate] AEXS Aol AFEH &R+
= WFolA B2, C allociferrii INO301E 574 2
B = A tHLee et al, 2014). =5 WISE C allociferrii
INO301& 20% (v/v)2] glycerolzt &§3te] -80°Coll &2
HEINGNY, 2 BHEH 55 30°CoA 4841752
YM Hl A (yeast extract, 3 g/L; malt extract, 3 g/L; peptone,
5 g/L; dextrose, 10 g/L)ell Athsle] AFgstsich C
allociferrii INO3012] ZHiFS YM ¥jA] 10 mLoll HZE3}
o] 30°ColA] 145 rpm o2 uj Fale] AR5t

e

Thin layer chromatography (TLC)

TLC #Ae] A8 A= A S 8,000xg= 10:27F
AN} v FEAL Ay, FFe) $xah ek
2S5 H7IsF] 1087} vortexing® 2 ginsenosidesE &
ste] Ak EHRAT. FHEL ve2o] gaste] B
Ak A& ZA CHCL:CH,0H:H,0 (65:35:10, VIVV)E
ARSI, 10%2] Babe 253 7 523 7HE 7z st

A A,

High-performance liquid chromatography (HPLC)
Ginsenosides®] A% % A4 #24-2 HPLC (SP930D,
Younglin Instrument, Seoul, Korea)S ©]&3}3itt 2H &
C18 AH(4.6x250 mm, ID 5um, ODS2, Waters, Milford,
MA, USA)S AME-3IAL, A& 20 ubEs T4ttt 2
H 9Bl %9} f4-2 717} 40°C, 1.6 mL/min®. 2 713)

8}13Z, 203 nm 3Hge] 2] Hg o] &3] HESHATHUV
730D, Younglin Instrument). ©]&742 oI EUEHF}
FTE ARESEA L, A7k @& &) H&2 0-5%
1585 EYEZ :Z7F), 5-55% 15:85, 55-75% 40:60,
75-90% 58:42, 90-97% 90:10, 97-99% 90:10L. 2 F3Y &}

3l ZAL10] [[}2 ginsenosides?| AEXSt
il W] erio] uE ginsenosidese] AYEZXFS 3
o13}7] $1ske] BFAY S ZA glucose, fructose, galactose,
mannose, rhamnose, xyloseE 3 7}8td C.  allociferrii
INO3019] = ehes elstdeh. 3, uiA] ve] 24
Yol w2 ginsenosides®] A EHZ-S 323517 9 5H
glucose™t H71E wix|ZA o] TS AAJOZA beef
extract, casein, casitone, casamino acid, malt extract, neo-
peptone, peptone, polypeptone, proteose peptone, soytone,
tryptone, yeast extract® ZHZ} FH7lsted C. allociferrii
INO3019] =g stk o5 st C
allociferrii INO301> YM brothell FE3led 30°ColA] 145
pm e 2 SR vl SR, YM wiA] oA BAdE A A
3L 1% (viv)el 4 T5dS A7k six(YM-R) 200
mLol| ZHE B4y 2 AAYS G502 1% (wiv) H7Hs
iAo HiFd 1% (viv)E FEsIAT 27] e ©@ad
2 Aol HEI FFE 30°C, 145 rpmoll A 10L 7+ )
&kt
dnt gy g
EINR0]| [H2 ginsenosides?| A=Xst
71Ee] AT WEFREEH EIEH C  dlociferrii
INO3017}F S4F 589 EA13}= ginsenosidese] A&7
35S AU ASS A thLee e al, 2014). C
allociferrii INO301+= ginsenoside ReE C-Mcl 22, RfE
Rh1©E, Rbl& RdE, $HE RS F2&, Rb2E C-O
A== 2 TLCE E1% vl Ath(Lee ef al., 2014).
taflo] ginsenosides A& Bl P X= Fake I3t
71 #1383l glucose, fructose, galactose, mannose, rthamnose,
xyloseE YM-R HiA]ell Z+Z}F 1% (wv)E F7Este C
allociferrii INO3012] AHE7A35S TLCS HPLCE 4]
St THFig. 1). A7k gaof] wat A3k & 2o
£ HolA| edskont, BE Aol Rblel ¢lste] Rdst
F27tF &713k9 32, Rb29} Red] WHg-o =2 <lste] C-0O, C-
Mcl, Rf, Rh1o] Ad€ Z& 1% 4 AUt A A
238 Leuconosotc citreum LH1S} Lactobacillus rossiae
DC052 Rb1SZHE] Rd, F2, C-K& A3ttt B
H Q2 32(Quan et al., 2011; Amdadul Huq er al., 2014), =
AN 2 S cerevisiae HI-0142 Rd, F2, C-K&
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Fig. 1. Bioconversion of ginsenosides by C. allociferrii JNO301
according to carbon sources (FR, fructose; GA, galactose; GL,
glucose; MA, mannose; RH, rhamnose; XY, xylose).

o] oAM= ginsenosides?]
AEHS o] o]FojA = RS s tHChoi et al,
2014). o|& 3 A= thFst FFolA] ginsenosidese] Al

= Ao Ay, 457 gE2fde
A 427 AT F5 de o2 gl et
ZF &4l H7bell w2 ginsenosides?] AJE¥-S HPLC
2 o3l S W], galactoseES H7I3 Aol z+
ginsenosides9] A #gke] F2 (7041.96), C-O (2593,31), C-
Mcl (2190.93), Rh1 (2334.86), RM1 (1186.07)¢] ro] 7}
FE RS IAT F AT Galactose= A HSH 71H4 3}
A7 018 F e dadolghe FolA AAA 2&
A& AY L T} Galactose] A F=F g13st7] 913t
o F4FEE galactoses 0.5-3.5%(wWNV)E F 715}
ginsenosides®] AEHEHS R1g A, galactose 5 =2
Z7tel whek AEASE gk =A e THE S vAA).
Rf, Rd, Rb2, Rc, down spot®] AEZHZSZ F2, C-O, C-
Mcl, RM1, Rh1®] %7t S7FHAAL, 0.5% (wiv)el A&
ZAME JEHZEO] & Ao Z F2lE T} Galactose
= e H3E2 HPLCE ol&3te] H&3tas o,
2.5%(wW/v)2] galactoseE A BAYPOZE AT

ZIAR40]| (= ginsenosides?| A= 3t

Ao w2 ginsenosides?] A EX S-S F1317] 913}
o] Z4FFZE9) beef extract, casein, casitone, casamino
acid, malt extract, neopeptone, peptone, polypeptone,

Compound K
Rh1—— Rh2
BMt—> <“— F2
4 .
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Rf ® C-Mc1
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Fig. 2. Bioconversion of ginsenosides by C. allociferrii JNO301
according to organ nitrogen sources (1: beef extract, 2: casein,
3: casitone, 4: casamino acid, 5: malt extract 6: neopeptone, 7:
peptone, 8: polypeptone, 9: proteose peptone, 10: soytone, 11:
tryrtone, 12: yeast extract).

proteose peptone, soytone, tryptone, yeast extractS Z+Z}
A7vste]l 2 43S TLCE #2138k thFig. 2). Rb19] A
EAZLo 2 Qlsle] Rde] F=7F Z7F8FA AL, casein, malt
extract® H7FeH AR5 A Qs BT 2R AEHS
o] dojt Aol F2lE Ut} E3] casitone, neopeptone,
proteose peptone, soytones H7FsIAS of, A= o=
F2, C-0, C-Mcl, Rhl, RM1¢] ¥%7} 2713191, £3|
C-K7} A€ A 18tk C-Ke Rb1&] A& gkl
& F20] C;#1A1¢] glucose?] 78l 2= Add A
o2 AEFAY. 53] CK= Caulobacter ledyia (Cheng
et al., 2006), Fusarium sacchari (Han et al., 2007),
Acremonium strictum (Chen et al., 2008), Leu. mesenteroides
(Quan et al., 2011), L. paralimentarius (Quan et al., 2013)

o olste] AEE 5 9w, A b AT
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Fig. 3. TLC (A) and HPLC (B) analysis of metabolites of ginsenosides in red ginseng extract by the strain C. allociferrii JNO301
according to fermentation time. Reaction mixture (2.5% galactose, 1% soytone, and 1% red ginseng extract) was incubated by C.
allociferrii INO301 (1%, v/v) at 30°C, 145 rpm for 14 days.

ATE T UtHYang ef al, 2015). C-K= 4 & 7H(Zhou  soytoneS 718 A&} AV THA Fu A ). 28
et al., 2006), FHSZE(Li ef al., 2014), FF=(Li ef al., 327191 proteose peptone T} soytone®] FA|H o7 go]3}
2012), 2173 H52-8(Lee et al, 2013) 5o] ¥aA stk T ddE o] A HAYL soytonelE AA AL,
B Aol C allociferrii INO3012] HEE T3l ThFs  1.0% (W) soytones H7Fete o AAEHZFo] 713
21848 AU += ginsenosides®] C-K&| FE7} &AE] o] = ATt

AFH TR =& AR AR ETH

HPLCE Whg4HES A #3102 o), proteose peptone  L57(Zt
H7rek A FolA wgAHES] A Fo] 7MY =%, wgol oA ghae 9 Aagl ¥Rk ol wa |7k
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Fig. 4. Proposed bioconversion pathway of PPD-ginsenosides by C. allociferrii JNO301 according to optimized fermentation

conditions. —: confirmed pathway, ...: putative pathway.

of mel BEAS ol AEHASGGo] Aolsty] Wi
o] 271 Aol 2.5% (wiv)e] galactose} 1.0% (w/v)S]
soytone2 77} ginsenosides A &1 8He] 2 gAYy} A
2o 2 MAEAL, A7t e A=EHEHS g5
st 0-1497F A&t S Slstint
(Fig. 3A, 3B). A EZS 3U7A] AlZke] A zpgol wet
Rbleo] H=d&H o] Rde s%=7F S7FE AL, Rb2, Re,
Rfe] A= 3] w2} C-0, C-Mc, Rhio] AA =T Rd
o] 7% 74A BF F22 A=A, Rg3ZFE Rh27F
e s gelatith AEAS 9Y o] FFH CKe
AJgo] o] R oL, o]& F3td C allociferrii INO301-2
PPD Al€9] ginsenosides®] BIEA C-3 #1A9] glucoses
Sold g st AdE Aes At} &3 HPLC
AZvtEaHgME I = UXo|(Fig. 3B), =18
94z}l F2, C-O, C-Mcl 59| minor ginsenosides®] &%=

7} ddElE Ao 2 Hol TLC A3et ¢Xsith ol9)
e ASHA AR Leu. mesenteroides DC1029] 2]}
RblSZ2HE C-K7F 8H= A 2% Z(Quan et al.,
2011), L. paralimentarius®| 2]t C-K A A=} L]
319 TtHQuan et al., 2013). 8} ginsenosidese] A&7
o] 71 2 dojytal, & ginsenosides AEA3 7|7+
o= gekeisich

—_

C. allociferrii JNO301Z O|&%} ginsenosides?| MEX
By=

A Ao M(Lee et al., 2014) C. allociferrii INO3012
0|83t S4F ginsenosides®] A EHNIAAZE A ¥l
v AR, 2 AFA = HA AEAS 21 g9
T HA 27102 AEHSSINS 73F, Fig. 49+ 2ol 4
=

ARAZE F7I2 AT AU C dllocifferri



Candida allociferrii INO301&

INO3012 &4te] Rbl, Rb2, Rg3, RCE AEHEEA L,
o] B3t CK, C-O, Rh2, C-Mcl2 2 3=}, S
cerevisiae HI-014= 4.5% (wiv)2] &4 FEE0M 964
ZF wjeF Al ginsenosides Rd7} C-KZ 2= 9132 (Choi
et al, 2014), SR olYz} L. rossiae DCOS, L.
paralimentarius 52 TS 2 A<} o] Rb1OZH
B CK=Z dA3d A7t o]Fojx UthQuan et dl.,
2013; Amdadul Huq e al, 2014). 84744 C-K, Rhl,
Rh2 52 o|n] L 7|5Ae] d5Eeo d74 v oy
(Kim et al, 2017), F2, C-O, C-Mcl 5 o}& CK,
Rh2, C-MC, C-Y 59 7 AR ZA W AR AL AL,
a2 71534 tg A3t vHlEith B Aol = C
allociferrii INO301E ©]8-3t % &4k Ul ginsenosides
2 MERIZACR 7|5 2 AA o]&8o] kAE
AZHNFEES AZXT 4 A, ginsenosides A =73
AZE gIskAh 5 AEMS= gt 71548 2
kAol thet A77F aFEH, 7154 LAEAY] &
< 9 7|2AEE E8E F UL A= AlEHTH

o (o] 5
) =

2 AFolA e wFolA EEE C allociferrii INO301
o] &3t 24 X4 ginsenosides®] AEHNZ 271 <
F A 1.0% (viv)Ql %*‘ FE 5ol BAY o7 25% W/
v)9] galactose, BA2U 2 1.0% (W) soytoneS 37}
3ko] 30°CollA] 145 rmeE AT MlgS A AEHS

Aoz FYsATh C allociferrii INO3019 2]&] 4+
FZ &0 EA5= Rbl, Rb2, Re, Rf7F A EZZE o] F2,
Rh1, Rh2, compound O, compound Mcl, compound K &
©] minor ginsenosides®] o] 7= Tt

rO{' o
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