KOREAN J. FOOD SCI TECHNOL. Vol 38, No. 5. pp. 712-716 (2006)

A

L_7'-2.-'2:"»“:1-!

==

jo

0]

0t0
ro

b AHI20

=

KOREAN JOURNAL OF

= AF AN

FOOD SCIENCE AND TECHNOLOGY

©The Korean Society of Food Science and Technology

Studies on the Electrofusion Applied to the Yeast to Produce
High Quantity of Organic Germanium

Sun-Woo Oh'*, Sung-Hee Lee!, Hyun-Joo Lee’, and Eun-Sook Han’

'Research Institute, Geranti Pharm. LTD., Seoul 135-080, Korea
*Department of Nutrition and Culinary Sciences, Hankyong National University, Gyeonggi-do 456-749, Korea
*Department of Food and Nutrition, Chung Ang University, Gyeonggi-do 456-756, Korea

Abstract  Saccharomyces cerevisiae and Zygosaccharomyces rouxii were electrofused and fermented in germanium-
fortified nutrients to produce high-yield, organic germanium. The conditions for the preparation of protoplasts from both
strains and for electrofusion were studied. The protoplasts of both cells formed long pearl chains and the cell membranes
were lysed and fused through cellulase and high frequency voltage (450~750V/128~512 psec). The fusants with the fastest
growth were selected, and then characterized for their carbohydrate usage and tolerance to glucose and salts. The glucose
tolerance of the fusants was better than that of S. cerevisiae and similar to that of Z rouxii. The fusants appeared to have
resistance to 12% NaCl. The cell size of the fusants was greater than that of the parental strains. The fusant cells contained
more germanium than the parental cells did. The electrofusion of S. cerevisize and Z. rouxii increased the cell capacity
and accumulation of germanium in the yeasts. This method was proved to be effective to produce a high quantity of

organic germaniumn.
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A7 FEHE o8 A=)

Shot. mhebA WEA) GRS Succharomyces cerevisiaes) YAFESE
A Zygosaccharomyces rouiiZ 27)455l0] Mg s 84
Stal o] 59| 71RAQl e 2Alels, AlZnpre] eg o)
Sto] IFEF AlZeky ERE e £ s 24 248 3y
stalz} shect

T 2
dainiz % 7P|
AHg FF: Ao A 73 Saccharomyces cerevisive
KCTC 7904, Zygosaccharomyces rouxii KCTC 79668 8=
ool Bepuol AHHHL,

B9t Ak TR AlEy Ee)RAA lyticased} cellulase
= Sigma(St. Louis, MO, USA)AI3%, viscozyme novozymeS
Novo Nordisk(Krogshoejvej, Denmark)#| &5 AF-3}Ith. 2128
A eF2 R 2-mercaptoethanol: Sigmarl A &L /\F‘lé}"f‘ =]
ele}] Aok SFEE AMEI, WA AJSES Table 19] #)
Aleklaz, Difco (USAVIES o] &-38h9ich

AL8717]: 25w 2l A Ee) o
&8 electrofusion system(NK_ System Co., FI-700, Japan)2 A&
SFTE B A9 fusion chambers Seko)= ZFEla Rmo] 20
x2x2mme] chamber’t A o] U3, 20x2mme| #FHol
chamber FEel] 2 mme] 7HAo g dx|=o] glom Hdlo]z g
o Sle o A58 BARRE GAE ddste] 243190k

3 EAGHAE WA

SR

FFNY: S cerevisive= YM agar platedll X, Z rouxif= malt

extract agar plateoll W3l , P4 single colony®= YPD %
Table 1. Media composition
Media Composition (g/L)

YPD Yeast extract 10
Peptone 20
Dextrose 20

YM-DS Yeast extract 3
Malt extract 3
Peptone 5
Dextrose 50
NaCl 1

YM agar Yeast extract 3
Malt extract 3
Peptone 5
Dextrose 10
Agar 20

Malt extract agar Malt extract 20
Glucose 20
Peptonelagar 20

Regeneration media Yeast extract
Peptone 5
Dextrose 50
Noble agar (0.8%) 8
Noble agar (2.0%) 20
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Culture the cells in YPD and YM~DS for 12, 24 hrs at 30T
)
Harvest the cells and wash with saline and D.W.
i

hve
Pretreat the cells with 2-mercaptoethanol for 15min at 30T
a8
Incubate the cells in enzyme solution for 60-90min at 30T
\E}/
Wash protoplasts with SS solution
0
Mix the parental protoplasts
)
Suspend in sorbitol solution
/A
Apply electrofusion
I
Pearl chain formation
D
Fuse protoplast
2
Incubate the media for a week at 30T
4

Regenerate fusants

Fig. 1. procedure for protoplast formation, electrofusion and
regeneration.

YM-DSHiR](121°C 15%87F HaEe] Wzhg)el] zZzt wiFejs |
3] HEsduh AE $ shaking incubator(Vision Scientific Co.,
KMC-8480SF, Korea)oll Xl =% 30°C, 150rpm £%F S cerevi-

sige= 12717, Z rouxiix= 24A17F FoF wlokst o),

MEY B3l vlgde 6,000 pmeF 1587 YAie)stod 7
AE Bt aﬂ*ﬁﬂ*miﬂﬂ FHTE AHE AHS U

2-mercaptoethanol solution®]] #EFsFed 30°CoA] 15-308-7F %)
2l5tal, G489 (Lyticase, SIGMA Co. USA)H 1x 10° cells/mL

=2 AEEAT A& 30°ColA 60-90%7F A 2lsle]l 1A
% A,

A718%: S cerevisiaes}, 7 rouxii®l DHAAZE 5% 10° proto-
plastsmL X2 F4s1] 1: 19 ¥]ER T3k, SSE(sorbitol
I'M, Na,HPO,, KH PO R 13 AT o =5 sorbltol%—o—“, o7
23] M A & electrofusion chamberol] 80ul.E YW, I Fo
(1.5~3.0 MHz/35~50 pVyE ZAAIA pearl chain® #AI3F Aol 2

%OL H22(450~750 V/128~512 psec) B 9rE-A 02 vhslo] §31A]

Zrk FFAEE SSEHOR 13 AT TS FEEk e
2 A o] =EEIIA, 30°Coll A 7L 7E wioksted Al A AT
(Fig 1).

AZnlsE WA e A7ee 88 oA A §39 Axs
AREFEE 10gL, WE 20gL, TR 50gL, =E°Hnoble
agar) 20 gL -3 || Rgyon matale] S bk
SEATH24 hr, 30°C). 2739t w4 FollA F 2 E Aol 2o
A& Adsigrh

oA 27 &4 2Tk o2 7t d¥AA, I F9
Aol §HAE A8 0] 7 (Harris-Swift, UK) 2 CCD sys-
tem(Panasonic, Japan)o-Z FHEE #aESITE 30°C A 12-244)

ZF kst +21E micrometerol| 4] HIT).Q. ZFE (Panasonic, Japan)
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V=4/3n - a2 - (b2)
V: cell volume, a: length of cell, b: width of cell

@Ay AsPY 24: 319 Y E2UE glucose, sucrose,
galactose, lactose, maltose, raffinose 2%7F 3-8 wlAlo] &3}
o] 30°C, 150 pmellA] 48x17F FEhlFalgi, 1 A8e A}
;}"jﬂr w3 2o wxo mE gue Anir] eiM 2=

50%0l A 9] FFel S s s ARt
pH o} AZrw F4E& 4 0o HEs &%

% YMulA somLe]l E91E 250 mLe) ¥iSER ZEp=d)
HEol2 18] HFsto] A" wigz]elM 150 rpm, 30°CE A%
E7Y 10~12 gLk 247 7F Hﬂok)i A4S w7 wleksisich. pH
Z 2122 ZEET AZvky £A(100ppm) S0 mL7} THHE 250
mLe) wjekg Zefzie] HEI 3150 rpm, 30°CE JEHr)
oA 24A17F b wiFsTh WYFE HAIE FAET st 3
slal, 23] AlFstel 7R 3] wof e §7] AZnkgE Al
AT PEAAX DX FAFE ST

AU AZvkE §F 24 a2 448 A=
A#Fatr] f1sked pH 5.5, 24417k WSt
T AR s ] FAY Zar) 2okl ARE 0.85% Al
—r—i 28], 23} SHR 28] AAHS 04 angd gue) zkg
6}% AZekg o]les ¥As] AASNUT A7 ARG E TR
ek 3% ofiR AxI AxgR 19 1‘@ 30mLE gol ¢
A8 71giEd A7l 3 pHE 5508 HASY wdEEeE
el 1mL, *}Oléﬁﬂ*&% ImL, AR TmLg &8
3087 WAl # 525 nmellA] §EEE st vl
=

"HE(100 ppm)

M= 88 ¥ 88 =
Electrofusion chamberoll ZF3E BAAIA pearl chaing 4
3t wAYG AAE wEAH O I8t & S cerevisiae®t Z rouxii

2] F8FE FAAKFig 2). FFAPel] AF7 BEA HH
Eo] AFE FEke] o] F3A AT (+) ()9
b}:\;} /zﬂ ,u.l:r]—oﬂ 25k 24 0]“_ B /<J7]/<] o} =)
Tt =8 o g ol%sled dielectrophoresis7t A7V, FRE
]L‘:o] Eﬂ ])\} o]%gx] AO}@H /\]_zzmoko

it

F d3lod peart chaing FASATHI). olEA &
HHAAEL fusion chamber 2] A713-S wel LA

30), @L% A7ve] 7ot B2 sEla) A ER _41]7}
AL AlZere] A 52 Bl ofsix T AlEZRe] FHel
HTH3.4).

S. cerevisiae®t Z. rouxiiz A)E

= ol
il
S

grﬂ

3: o

é it

FEANE o HamjRlel At

colonyT= 20070 o122, gbdafA]el ] 22 colonyT= 2.89 x 107
o ZA FYHIEE 563 x10%1% 0 S8 o 01%65}33- &
ooz ZAEN I, pH 62004 wWEH AEs= AoF e

sieh. A0 Asge g0l

S ;gfw‘sfag TI0L Z. Heowxi 7965 7904

Fusion process of protoplast

Fusant of Mew strain

Fused cell by electrofusion

Fig. 2. The electrical fusion-process of S. cerevisiae and Z. rouxii.

H7lget araAel Me o Mak ol

&3 AEZ iR A Aste] Aol mE A st
T gEE olgd B B ulA, e BAS Elsisitt '
F3tEe] o] &AM S cerevisiaedt FEHAT HlsEk e o]
248 YA, FF9) dexrin FEAT ol &ste AL=E

EREH(Table 2). EET o] W WA AANME Z rowii
o} €A A WS B, S cerevisice BrF £ )
AL JeEWITH S cerevisiaes TER FEI}F 40% oAM= A
$o] B7Fs 3 Ao = e TH(Table 3).
NaCloi| CHEF LHed&d

NaClZ27FE (3-18%)l mhe WA A A3N(Table 4), &3

Z9 S cerevisiae™ 12%7FA GUAE JERIOH, Z rowviie

Table 2. Carbohydrate usage of the yeast

Carbohydrate i Cc?rcev%zgz Kg‘{g%% 6 Fusants
Glucose + + +
Galactose + - +
Fructose + + +
Maltose - + -
Lactose - - -
Sucrose + - +
Starch (Soluble) - - -
Dextrin - + +
Mannitol - - -
Raffinose + - +
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Table 3. Glucose tolerance test
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Table 5. Assimilation of carbon sources (2%) by the parents and

fusant

Glucose concentration S. cerevisiae Z. rouxii Fusans — . ‘
(%) KCTC 7904  KCTC 7966 Carbon sources S. cerevisiae Z. rouxii Fusant
0 - - - Glucose 2% e ++ -+
1 + + + Glucose 50% - et +
2 + + + Sucrose -+ + —++
5 + + + Galactose +++ - =
10 + + + Lactose - - -
20 + + + Maltose - + -
30 + + + Raffinose ++ + =+
40 - + +
50 - + + Table 6. Cell size and capacity of the parents and the fusant
. Cell length Cell width Cell volume
Table 4. NaCl tolerance of parents and fusants Strains (um) (um) (um?)
0 S. cerevisiae Z. rouxii . S. cerevisiae 7.3 5.7 125.4
NIV kereram kere 7966 Fusans Z. rouxii 5.7 53 84.1
0 + - + Fusant 7.8 6.7 180.8
3 + + +
6 + + + Table 7. The effect of pH on the waste of GeO,
0 * + B Amount of cell ~ Waste rate of pl1 after
12 + - * pH (g/L) GeO, (%) incubation
1 i i i 2 0.14 7.22 2.18
'8 ' - ‘ 3 045 342 2.62
4 6.11 448 3.04
5 6.51 10.61 3.82
9%71A] A WAL JERITH Lee 5(14)2] AN E S cerevi- 6 6.38 744 4.04
sige D-TZ Z rouxii SR-S §8=29] AL 16%E B E 7 6.35 8.70 4.26
NoH, S cerevisizes 8%, Z. rowxii= 20%71A) QUL Kol 8 5.84 9.97 4.66
/\‘] S cerevisiges - ?_—J(_?—Q}- Tr/\l—o]— /J ,]“E; HOJXIU}' % 0779]— 9 4.95 3.00 4.92
Z rouxiie B SFRTE Thh B8 oldut, Seu S(7)2] ¢t 10 4.50 4.05 5.56
Mz 8T G0 8%, S diastatiouss 5%2] FulAde B 1 3.89 4.69 0.62
o §TFE B A7 AR A e BT B Ay 12 247 765 6.75
S, cerevisiae?! Z. rouxiiZTH GuiAde] b = ROz 9y
Aot 25 A7t o Had slos Algert ojzlg A7A
A2 59 duidel AFRTG 252 U 5 Atk AEe Mg SR} Tl aipl T YAS RS di=
AEE Sl A ) 27 @8, AE V), ey o o) 05%7} ol K ATH18). £ AFALe) L §3A 7 A
ol IS Werh @, Axy QAR B ok 949 Bo) gy Asiio] 479 AoR el drlgetes A
AR MEZS FES o) "Jzé—rﬂ AEHE F241817] 2lel = sorbitol H A= e 7oA K] 7ET ZloE v
oI} mannitol, = KCIZ-E AES H7beln] ukegolo] 5y
7 U EG e Aen Ao ebgade] EeRinkls), {I 371 &4
A ge] FE7h 28 Hole AXE QR EA ) Bobgsin Fok @A) ArlE kA st e Aa), Table
2 FaAe] A 8-12% dEmrst At sos dvhEg ez} 7ol S cerevisice 79045 1254 um© Q3L Z rouxii 79661=
84.1 um'ollom g3kl 1808 um’2 2Rt} Zivh AlLE
Eta@ XSk ol w2 Al AlAe] Fopuge 25 w8 HogHoz
ol @] BhAhgde) e Ao Table 59F 7o) U 179.6% 57}6—}0%} Sabelnikov 5(19)2] ¢} Kazunobu 5(20)
Bbth S cerevisiae= glucose T57F 50% ¢]4e] HW Al Aol o] AT 2HTE §3e] A2 AF D DNA dEko] T
FLEAL, W, 7 rowxii®t ST glucose S0%A T <15} wo o7 1 "/&]Oi Bodrdsel e o £ ik A e
€ vERITE ‘“fﬂ Sucrose®} galactose| M= Z rouxiit] S, o] FAAE f7] A=Zn ghare] Sl A E s v
cerevisiaest SUF7H T FE ASYL wolN) Wadl AsYe A, ARE o)gu AFIEOL #8510 o8 4 glg A
e HeEe & 5 SUSITh Table 3904 B wlel 2] glucose o= /\}E‘ﬂﬁ]ﬂ
40% oVdelM= S cerevisiae?t AESHA EolE WM, Z rouii
= awh M AAstod, §3 = Z rowiie] pHO WE HEoks &+8 53
o 4ol s RoE wer AR ARl pH el uhE FA) U] A2rkrel AR
RS DB JIAVIE GRE0] GOl GNE nolrl &g AU £ A3k pi sl FAEE 631 0L, Bopleze)
(16,17), o1& 7Hdst7] SlaliA AZEshgss olgsle] ame T AREY 1061%C|tHTable 7). &% wioF o] wW& +
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Table 8. Germanium concentration of parents and fusant

Strains Germanium concentration (ppm)
S. cerevisiae 1,856
Z. rouxii 1,310
Fusant 5,180

AN A=rky e
& Aznlg ko] H] 2

trEbRaL

& B9 Q1A EXe pH RSkl o}
vizralA Wh-e-ad.om, pH 6~6.59
A Al e pH 7 oldelxs AlZnkg dHf-o]
AetEe AR BAEA. B AFoME pH 6578 AZrkE
@31%01 A= pH 87FA] AAE] STk, 90lsHRE

E AErks aRgol #48] AskEe] AZvky F4 A pH
= pH 589 ®E E F ot & A7elMe §gERE
e g pH Hele] mE AZokE LREES 9183
pHE 5-82 ¥t

20N W Al2oks &2
pH 5594 71z a=uv =l e Asrks &
cerevisine’= 1,856 ppm, Z rouxiiz= 1,310 ppm, & A&
ppmoE ZFHTE oF 4uf o] A=Znky w7 7MY
(Table §). #AY =) 2 AXNE AFHRD A7} o
2 2lxl 3 (Table 6), oo et AZrkge] @A W
A7 HY B ez IAEUT Lee?t Kimé] 97
(14 3P S cerevisiaeS}t 7. rowxiit] A71EHL R FA
& FHFE fAFomy obylar, el M3 AlFe] 2o
1, glucose} sucroseo] Wt HEEE FrhE FHoZ RIS
ik olEd A¢aaE & #FUt 88 £2E Aileled
Ao, £ el mght {71 A2vkge] AR s
Pe & 5 9o,

i1

rm = ﬂlr
o o
o ¥ =
2 e jo &8 w»

i

(=) (o]
- =

28 AZekre 527171 ASIAM Saccharomyces cerevisiae
KCTC 79049} Zygosaccharomyces rouxii KCTC 79665 747145
sl @ vl AlZalsg driste Al=nks 7}5} FREA
At A7185E 259 fFA= 2 7He] 70 pearl chain
£ AR, fusion chamber W2} 7 2 7o s AlEz=te
waf7b dojupar AEeke] A/t ] oM F AlEzke] &
o] dojulr). §TE AZE Wi Auiste] 4ol weE
TAE Ay, g5aE o4 1 T U, e 54
gelst Az, FNAEL §FEA7Y Z rouxii®t FAVSISL, S cerevi-
siceBTr F& NAS BT} S cerevisicies L2 FE7F 40%
olidollids Aol Brbs g ZloE JEth NaCHE 7] o)
2 UAs AE 4§38 2%7A AS vEE &
gl F7)= AFRG Zlen, pH 58] Meolr A=akge] &
A AREE JERITH pH 559041 A& &RY FrEle] dE
AZvkg F5v S cerevisieew 1,856 ppm, Z rouxiiv= 1,310
ppm, SEAE 5,180 ppmoE RIFRUL oF 48] o AEnlE
=7F Mg = AEekge] IS Eel7] S1g S cerevisiae
9 7 rowii®] A7NEEE TR FAY AL FHES B
opJEl, Azrkge FAU 2HE% FVMAA o] {71 7
zrkge Ashe d e Zgdollot

ABRO R S cerevisiae®t Z rowxii®] A71eHL Fa A4

38 A A 55 (2006)

B 3= 40% o] oA TS Hol, NaCl 15% °ld7t
2 WAL veen, #A9 27 2 A2nEe) F5EE 3
RO ©2319a, pH solA Ao AZets §5788 B
ol&@A AMaE F3AE Y udF AZvekEg Aitshed
9§89 FEE ol®E F IS AT
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