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“germanium by its meta_bohs_m. S

Introduction

‘<Gerant| Bno Ge Yeast> is a newly mventecﬁ pmduct Wthh contams

orgamc germamum by blosynthesxs of yeast and germamum

’Such type of orgamc B;o Germamum Yeast ;s a substance whlch is-

made by mteractang cf btcmoleoutes hke protems nucieac acud or

orgamc a01d and morgaﬂlc f_orm- of 'ge‘r;m«amum during the

_-blosynthes1s technology

Since antl tumor actwsty of germamum (is'hi~da'e-t'-al= 1979), anti~

mutation actsvrty (Li e’r‘al 1982 Kada et a 1984) etc researcherS'
were very interested m blosynthesas of mncroargamsm and morganzc

germamum in order to make use as a health substance '

-Klapcmcka et. al. reperted m 1986 that Ge in- F’s putada ce!i is mostly

aocumulated in soiuble fracton and us bound wnth nuclexc acnd and

‘proteins by their ei-ectron m;croscqpe ..study. And. Wei-et._ al. reported_ |

that 'yeast COntaining" ,org:arsic“ge-rman}um,' f_'cfarr_%-be. produced by
biosynthesis technoiogy (1992) ’ ’ g

Lynn ‘M. Ramsay & Geofrey M. Gadd reported that 'Mutants  of
Saschromyses cerv:sae defective in vacuoiar functton a roie for the
vacuole in tox:c meta% xon detox;floation (Mlorebﬂogy Letters 1997),

ie:  yeast transforms mergantc germanum mtc orgamc bio—

'germamum by bmdmg wzth Ge and dewxiﬂes toxmlty of morgamc_



The purpose of this study are to confirm that 1) <Geranti

Bio-Ge. yeaS_t‘} __ has‘_{be_enj-trari_sfo,‘rme:djrf-'in‘“icé' f«Qrg‘fajr_éi_C‘ form'_ during
biosynthesis. process in f}e‘ﬂj{mentaﬁbm{ aﬁdi' 2) ts purification and

identification.

- 1'~."Ma’te_ria_!s: and Methods

) M’ate‘riai

'Geranti Bio- Ge yeast ( 3,"275‘@pm giradé.), "‘wﬁj‘;gh'fhla}s-beén_' made by

Gerantl Pharm Ltd

" 2) Extraction

~3g of ‘Gerant Bio-Ge. yeast freeze~dried by’ nitrogen, was

comminuted b-y_b_o,w!mm‘ .The p_owderfajf 'Gerant&m&e yea's't‘ was
been in .susbension ‘by;'4f?5}m'l’ib'f 50 mM Tri\.,séHQIj’-(DHf '7'.'5)-_.1buffje.r,, |
and then the -_m‘ixtuiré.{ Wa?sfceﬂtrifuged:‘f';;);r-.~2;Qf_'mi;ﬂ'.f-_ai 12,000 rpm.
Taking ohly this soluble 'subémé-taﬁt é-rid ft.zh«é'n~ rbUt'tb *f‘l‘fratidh .by O 45

um filter to eltmmate 1mpuntnes By thus the sample was prepared for

the study of punflcat on and ldentlf;catlon of Geranti B io=— Ge yeast

‘This futrated and purlf ed suraematant IS called ‘Geramt 810 Ge yeast

Extract' throughout thitsrep.czrt.- S



3) Determmatton of Germamum

-ICP anaiyzer (SHIMADZU lCPS 100@) m N!GEM W&S used for this

| study The condstion 0f analysls was 209 49 nm R F Power 1.2kw,

and torch helght $5mm A dr@ch Ge standard solutmns was used

4) SDS PAGE Analys:s

The purlty and moiecuiar welght of Ge bmdmg protem were
determmed by Coomassne biue SDSWPAGE The --gei was prepared by
mlxmg W|th 7. 5ml of 30% acryfam[de 3 5m| of Tn HCI pH 8 8 and'*

~ 3.75ml of HZO aﬂd elsmmatmg bubb%es under vacuum condmon
“And then, put 0. 05 ml of ammomum sutphate and 0 01 m! of TEMED
to gel plate and sohdmcated After loadfng thns ge! Eet it run about 1

'hour at SOOV 15mA. Analyzed the band after deco!orahon

5) Ion Exchange Chromat.graphy Sl

qumd Perfusion Chromatography (on»—ﬁad System) oWnedfby The_-

"'Natlonai instrumentat!on Center for Envronmental maha-ge'ment.;

'Coilege ongrlculture& Lufe S.ci/e;n_oes_, S.eoul Na;tfon.a,gl University, was

uséd for thié stud'y' lon Exéhahge' Chfon*iﬁfogﬁf-abh?%&s carried" out
on: Poros cotumﬂ HQ 20 and Poros HS 20 and buffer Als 50 mM
Tris— HCl (pH 7.5), éution buffer B is 50 mM THS HC] (DH 7. 5) and 1

M NaCl were equlhbrated at a fiow rate of 4 mi/mm Washed about 5 |

“min. by buffer-A. and.then.wa_shjedf) min. by b_uff_er B _an-d _;t:h_en 5min.



~with buffer A The protem ce:;me out of coiumn, each fractton 4 ml,

was momtored by UV absorpt:on at 280 nm

- 6) Gel Flitrat;on o

| Gel Flltratlon was cas'reed out on. SHODEX Protem coiumn KW 803

(8mm X 300mm excluswon }lm:t 1 BHox 105 equnhbrated wnth 50 mM

Tris-HCI (pH 7.5) buffer and eluted ata flow. rate of 0.5 mi/min
‘Washed coiumn for 15 20 mm After mjected Bt@ Ge Yeast. Extract ..
to the column for 40 rmn And then took ’the prote ns ( iml per each
'fraotton) come out of the column and were momtored by UV*-

- absorption at 280 nim..

‘7) Prep Ceil pur;ﬂcaﬂon

The purn‘lcatlon of Ge~—bmdmg protem were carned OUt by prep ceﬂ'

| umt (Bio- -Rad co.) on. a gel prepared w:th 5% acrylamlde and run for_ |
3 hours at 40mA wuth Tns giyome buffer (pH 8 3). Eiectrophoresns |
: buffer was Trls glyc ne buffer(pH 83) Fog-;_fractzon ‘of protein,

_sample was eluted at 1 m! per fraction

8) N- termmal sequencmg

N- termmal sequencmg was analyzed accerdmg to the Edman

pr_ocedure by 491 Protem sequencer (App led BOSystems) owned

- NICEM. Pribr to ‘_Vseque_ngmg, : .Ge.-,-b«m_dmg _~_pr_otem. Obxtam.ed by
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*eiectrophoresis"was {ransferr'e’d te“PVD'F hﬁ'é%n‘i’rahe“é"t 20V for 90 min.

The protem transferred PVDF membrahe was dyed m’zo CoomaSSte

bnlhant blue poiyacryamtde ge! were eeatrob oited onto a PVDF1 =

_memb_rane (S|gma USA) ?oiiowed by stainmg W!th CoomaSS|e

brilliant blue.

2. Results

'The lsotahon and purmcat:on of Gerant B|0~Ge yeast has been

done as per Soheme 1. The result from each step iS as: followmgs,

1) lon E.Xc:‘h‘_énge Chromatography

Ion exchange chromatography was cor‘:duoted to elimmate K

proteins that were hot bound thh germamum (th 1 & 2) |

"Geranh BIO ~Ge. Extract were loaded in 8ﬂ|€3ﬂ ahd cation

columns The fraotaon wh:ch was estsmated as Ge bmdmg

protelh was not bound in amon and catxon Cclumh

First, catlon exchahge chromatography was d@he and then
_colleot- the 'eluted frachons from cat exchahge

'chroma’cography ahd theh do amon chmmatograghy again to

: coltect eluted fraohoh (#1 8 in th 2)



‘When 'Geranti ‘-B,io—(;é _‘E‘_xtr%éct conducted in an;on and cation

..ohrOm-éto'graphy, th‘ére 'w'ere" some protems bound Wt:'{h amon and

cation, but Ge was not detected in the fractron that was ‘bound in
column (#9- 11 In Flg _1;-‘ 2) This. result sh@ws that 'Ge- blndmg

protein' is not bound, -rn jon exchange coiumn acoordmg to its

-characteristic.

2) Identification of organic germanium -

The result of gel fritratlcn of 'Gerantr Bro~Ge yaast Exaot both

' protem and germamum were deteoted rn the fractrcrr No 12 13 So'

we can assure the presence of Ge bmdmg pr@tem rn the fraotlon No

12, 13.

}'When anaiyzed the sample @f fraotron Ne ‘12 13 cancentrated and -

drred by SDS- PAGE several grotem bands were shown (data no

_sho_wn) Therefore the result of F 19: 3 sugges‘r two mterpretatrons as

: 4fol|owmgs,

1) There are(rs) Ge- bmdmg protem( ) rn these fraotrens

2) Under the experamenta! condrtons romzed germamum peak whrch«
does not bind to a pratesn( ) happen to be ccmcrdent ‘with these

frac_trons (No. 12, 13)._ L



g order 1o mvesttgate above two cases the foﬁowmg experiments

were camed out

- ,Experlment A

Gel fntrat:on of the extrac:t of Yeast that was cultured wsthout
germanium source, i.e. mmgamc germanium(GeOg) and compared
this with F:g 3. If Ge b!ndmg protem( ) be present protem peaks

: wnl be conform 1o Fag 8 but the{e Will be nc peak for germamum

- Experiment- B: _
_ Gel letrated the mlxture of <Geranti Bso Ge yeast Extract> that was.

cu!tured with morgan!c germamum(GeOg) and morgamc germanxum |
I there is orgamc germamum in <Geram BIO Ge yeast Extraot> we

‘can fmd the peak of Ge bmdmg protem as we t as GeOZ

Experimént Gt o ; an | |

:Gel filtrated- only the morgamc germamum and Checked frachon of it
under the same condlt Qns and then compared thzs wsth Exoeument—'
B. We can com‘lrm that there is (a-re) -G.e~~b:{'§zdmg7;protem by thzs_

result

Fxg 4 shows the reault of ge! fltration of yeast extract cu!tured

-.wnthout Geoz The elutson proﬂte of ﬁrotem deteoted by Uv=



R

| absorption at 280nm fe in aooordarloe Wlth Flg 3 but there was no l

germanlum oeak in fraotlon l2 & 13 by lCP

~ .And the result of gel flllratson of <Gerantl blo Ge yeeet Extraot> arld'
,GeOZ mlxed GeOZ 18 In fractlon No 20~ 80 and Ge bndmg proteln'
s in the fractfon No 12 18 Therefore we ooulol conflrm that
:-<Gerant| bio— Ge yeast> lS bound wzth pfoteln and gel’man um(Flg 5)._'
llnorgamc germamum (GeOZ) wnth dlsseolated form lS m fractlon No
| 20-30 mdlfference Wlth eXletenoe of protem

- We could also oom‘lrm that: Ge ln fraot;on l\io l2 13 zs that of Go—

blndlng proten by these fesearch so we have done prep. cell

: .purlﬁoatlon to know the Ge b ndmg orote ( ) e

3) lsolatlon of Ge bmdmg proteln

n order to do lsolatlon and purlﬁoaton of Ge blndlng proteln in

fraction No 12 13, Preo oell anaIySls has been done As result Ge-—

' peak was demonstrated in fraotlon l\lo 13 lS(Flg 7)

| _Concentrated and freeze drled this fraotion ana yzeel by SDS PAGE

We could find out that thss was correctly lsolatee ancl ourllled and lts |
molecular wetght is about 84 OOO Da |

SDS- F’_AGE (.l?lg:, 8). Larle 8 demonetrate pulatlve Go—bmdmg protem}

4) N-terminal Sequencing of Ge-binding protein(s)



- i,

Inorder to know the kind of protein in Ge-binding protein, SDS-

'PAGE'ran to obtain. PVDF mem'b'rané *T‘ék?ﬁé éu"t the ‘membr'ahe from
‘-band and have done N- termlnai sequemmg Cempared thls resuit_ - |
‘with that of aiready knawn Drotem in yeast are as Tab |

~{N- termmai sequences for the 34 KDa protem are m Tabie 1. We

named the puta‘uve Ge bmdmg protem as GY 45)

Table 1. N~terminal squ.ehoe‘si forf-,thfe»-p'utaﬂve.Ge*‘-bmdmg{

;protem (GY 45) and those of sequence matchmg protem that-' |

~ was found by. BLAST search.

No. | t ‘2__,.5-,'_3.-.1*1:;4{_ '5-, e T B [ 85 [0

GY-45 A TV S K N Y A R 5 |V

Emolase | A | V | S K |V | Y | A R|S |V

'jBy usmg BLAST program searched Ge-bmdmg prctezn NCBE data

base of 8 cerews;ae Was used The search resuited m ﬂve protems,

,The N- termtnai sequences of GY 45 were matched W:’sh The search

resulted in flve protems, ENO? YEAST ENm YEAST ffom Sw:ss data:, -
bank, 171455 from GenPept NOBYZ and NOBY from PIR | |
Am.ong these ﬂve prote flrst three (ENOZ YEAST,

: ENO1 YEAST GenPem} are known as enzyme Enaiase and the other
~two (NOBY2, NOBY) are phosphooyruvate hydgatase o



.
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Especially, the* firSt 't?en' "N‘i—r—tefr'mi-n'ai- sedueﬁées*?éf- Eno'lés‘e waé“

_ perfectly matched wth those of: GY 45 Enaiase s knawn as - an

enzyme that transfer 2 ph@sphoglycerate ntc; phosphoen{pyruvate N

and has actlve site that Can bmd metai sons hke Mg and Ca m ammo

acid resxdue

.There.férze:, thss su g’g.e,:s;g’t"é% that Ge canbeboundwnth 'éf}élasé._ B

3. Concl'usiczjné{

.AcCordin.g to.this -study; ‘We”c’i:'o-ul'di é@nf"i}rt“ng fha’t ké-Géra'nti‘ bio-@Gé..
,yeast> mvented by Gerant: Pharm Ltd in 1998 rs ;bourad with .Enoiase

‘protems and Ge by bmsynthesus technology

N~ termmai ammo amd sequences usmg a punfed Ge bmdmg

protein have a homoiogy wzth a metat bmdsng protem Eno!ase

4 Further research suggested |
_We suggest further stud;es n moleoular bloiogy ta fmd the gene that "

_fbmd with' Ge and a!SQ the mechamsm of b;ndmg protem wnth Ge
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~ Scheme 1. Steps mgurmcatlonof Ge-binding proteins

-'Dried YeastmG(BlowGe) E‘-X:-t:s’_aét n

~lon Exchange Chromatography

i

Gel Filtration Chromatography

Prep. Cell Purification

2

 N-terminal sequencing



Fig'1 - Elution '~t?:s’roﬂ-l«é‘ fram oation um - exchange
chromatography 'fo <Geranti Bto Ge Yeabt Extra-t:t> :
Fractions w1th Ge actlv ty were c%early seen m the fractlon

number 1- -3 whuch was measured by usmg ICP
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~Fig.2.  Elution profile ' frlcm‘”' énio’n: "*i"c‘n' | exchange

ohromatography for fraotlan 1 8 in Fsg 1 AS shewn in Frgure
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- Flg. 3 Eluton proﬁle of gel fltratlon (Shodex protem KW 803
'column) of <Gerants bo Ge yeast extract> Protems in
~ fractions 12- 14 are exmected to be Ge btndmg protelns as

mdloated W!th h;gh conoentratlon of Ge

- },ﬁ#aoo' |
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Fig.4, Elut;on proﬂle of gel fi!tratlcm (Shedex preten KW 808 |
'_.coiumﬂ) for yeast extfact Yeasi: Were cultlvated m the
absence of GeOZ Unhke F:gure 3 there are m) trace of Ge

for the fractlons 12— ‘14
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‘Fzg 5. Elutlon prof:ie of gel f;ftration (Shodex protem KW 808
-column) for the mtxture of yeast extract and GeOZ Yeas‘c |
| extract from ion exchange ohromat@graphy were msxed wzth
free GeO2. Due to dlfferenoe in Ge rela‘ctve ac;txvety between
:bound form and free form |t shows very !ow cancentra‘non of _
Ge in the fractlons 12 14 and htgh concentrati@n of Ge in the |

fracttons 26‘ 24
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 Fig.6. Elution mf‘ne«fo?f ‘gé'l- fltration (Sho\dex¥' pérotei‘nkw-8~03‘
‘-coiumn) of ;norgamc gefmanlum GeO?;) Ge peaks were |
found at the fractsons 20 24 t suggests that fractuoras 13— 14 o

lln Fugures 3 and 5 are that of Ge bcund form to the protezns
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Fig.7. Germanium content
cell. Fraction with high col

of 34 KDa.

of each fraction separated by prep

centration of Ge correspond to MW
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Fig. 8. SDS-PAGE .usi'ng:ffr-acmns;“1 éﬁ*1‘-4."f:r,ohﬁi}fge!- filtration.

»

Lane 1, 2 f,ractions; fcpffj ﬁc;_m-_‘fer-_c:héh-ger:;} -!‘ariea_f*.?s,,@ protein

st_a‘ndard_if Ir-a{h__e_‘n 5, 6,9 .p'utati_;vé;' 'Qr@,‘tem bo und | wuth ‘germanium.

Proteins were silver stained.




