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ABSTRACT

The effect of metallothionein expression on the metal resistance and removal by recombinant Saccha-
romyces cerevisige containing the plasmid pJW9 was investigated. The recombinant strain S. cerevisiae
BZ-pJ was constructed by transforming the host strain S. cerevisize BZ31-1-7Ba with the gene coding
for a metal-binding protein, metallothionein. Introduction of the MT gene yielded an increase in the
minimum inhibitory concentration(MIC) of copper more than three times compared with the host
strain. The minimum inhibitory concentrations of Cr?*, Zn**, and Pb*" were not different for the two
strains. The recombinant yeast grown in a medium containing 8mM CuSQO, was able to remove copper
with a capacity of 18.9mg Cu*?/g dry cell. In a mixture of copper and zinc, the presence of copper re-
lieved the toxic effects caused by zinc, resulting in an enhancement of the final cell density and the spe-
cific growth rate of the recombinant yeast. The capability to remove copper by the recombinant yeast
was linearly proportional to the copper concentrations in the medium. The efficiency of copper removal
was rather constant regardless of the initial copper concentrations. The specific removal of zinc was de-
pendent on the zinc concentrations in media, though, and such a dependence was not so pronounced as
the concentration of copper.
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accumulation) & F7}A] AZ &) o]|FojAlch.
FAAE-E 57t wEn, JEHoE ligand 24
phosphate, carboxyl, amine, hydroxyl, sulfhydryl
group3} chitin, chitosan, melanin S 7 ¢]o] A
Aol Qo FEFE 4401“5}(3 4,5). X%,
pH, & o - Fo|ol} $7EAY &A7} FHE
ol J3& v|H7)e go}(6). Ca, Mg, K* ¢
F2e Boo| ZAe) ATFAA Cur o A
Aol 9o Saccharomyces cerevisizged] 7% Ca**
o o8, Rhizopus arrhizus®] 7%= Cu®*, Fe?*,
In** ol o3t} SetEo] Fito] Aoty R
A3, 4). MERHZ S fof7|ahe THEAEL &
b 22y o g ko] F4& 24 4 gloy
o] A AL, TxF fAEAE, dAAHEA
uncoupler ol &&ll sl ub=t}(5, 6, 7). E__I_S’—]r
ZFolo| = Cd*t, Co**, Cu**, Mn**, Ni**, Sr¥,
Zn* o] AlZu] frglo] &eid 9z, o] AL satu-
ration kineticsg w2t} F& §9 F9
electroneutrality+ K* ul&o]| 24 TZ]EI\:]-_TV_ 04
AX ™, HEgt 7|22 i)z ekofor} 27
o $-¢oll= membrane potentiale] F+E& 04?'5}%
gt Aoz AR5, 7, 9).

5L AZWREE o7t F vacuole gl £F
=7 (10) vacuoleo] & A% cytoplasmic
granule He|Z =AY metallothionein oAz}
Agsd B Rk FEAgedae
metallothionein(MT)& Cd**, Cu*", Zn** 52
it A=, A, AXY FEolryry 24
9] oghg Fgiti(1l). ERe MT whitale
29] chromosomeVl[¢] CUPI locusol| 4 =& 5o
H2peke 5,655 daltonso|c}. 53749 ofn]iAto 2
TFA=o] glw 12709 cysteineg E3+5lw mole™d
8moles] Cu® ¢} thiolate cluster ej2 ZAgsic}
(12). SR Ea0)] o9 58 o2 Ho} MT
AL 3A27} gle Ao AR, Cutd
et At FE o] A=Y AAE e Cu
el Ag*, Cd**, Co**, Mn*, Zn** S3& Ags}
o Agsle 340 gt Aol conformationo]
Z2etzlt}. S cerevisice®  5-l€g Cutt:s WA
CUP2 whiizld] o 9 1]5]_1_ CUP2 wiaizle
DNA<} Agste] CUPI |AzE w7 4
£ 3he AoE 48 oh(13, 14).

£ =Fdd A= metallothionein Aol -z}
£ 7} plasmid pJWIE FAHZE S, cerevisiae
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E Aedle] per 24 FeuR|oA AR B
9 Qe Ex JJr utt U‘ Zn“°ﬂ N 55 AA
S LR
AE
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SFERE S cerevisiae BZ31-1-7Ba(cup/’,
trpl-289, ura3-52, ade8-18, argd-16)-& A-&3t4
on CUP] 4AAE &3 plasmid pJWIE A
A3E H2F TRE S cerevisice BZ-pJE ©HH
et (15). A48 £F 529 plasmid pJW9 2
2|2 JAA o CUPI 327} AF)Sl S. cerevisiae
YIJW9& wvj=2] Welch 9Fal(University of Cali-
fornia, Berkeley) 2 #-¥| 7]Z8Fe Ao|c},

HH X

YEPDu} ] (yeast extract 1%, bactopeptone 2
%, =3 2%)° o= v=o FEHAE A3l
AH&EHlct. 343 chelation#h-go] oFslo] F4-&
gk wi Aol A bufferg 2 A4 MES(2-
(N-Morpholino)ethanesulfonic acid) 2 %7] pHZ
528 grgo] pH Abgel gk £ AL wizx)
Sk seke WAl AHSE $34E CuSO,sh
Zn(NOy),-6H, 00150, HA-AAA A EE ZA o
AHEE FE4-2 Cd(NOy),-4H,0, Cr(NOy);-9H.,0,
283 Pb(NOs),o| it

A 2

ZEde opn|xitzl p2o)A Maillard ¥HEL
k3 AgA] MESO] R EsjA)7E 2Heg &
o, Be FHEE peolq Bedel Flz
77 g A 4esh Eelsel AFsais 500ml
baffled flaskoll 150ml<] wfckel & wt5o] %7] pH
5.2, 2% 30C, wHIEZ 200rpme] F 23}l A
shaking incubatorg o]43le] FAujekAddEE 3}
stk wl2AEe Ae H5FAEEE Yxal o
AT WE FA)H02 wekale HAT T 545
o] spectrophotometer(Hitachi U1100)E 600nm
oA FAFTEE A9t AzxdARE FH=
0.1~0.5%}olell #edst= AE wieFAE )33} od
AL OI]AJr(poresize 2 0.45m)s}ed 105°C ovenfﬂ]&%
5A17F Ax7] & desiccatordl| A4 Wz A}zl the
AL EAsdct FHE 1.0 ddsie 73}—&11]
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2 0.19g/4 o|dth(16).

o 5% 5%

2xv} 35E glucose oxidase?} peroxidaseZ
0]43 Glucose kit No. 510-AZ =43}t
(Sigma Chemical Co. USA). Galactose®} man-
nose+ 3,5-dinitrosalicylic acid(DNS) 4bH& o}

&3tod FAAH (7).

F|AMZX 8l T (Minimum inhibitory concentra-
tion)

Agar 2%, MES 0.96% & Z3sl= YEPD &%)
Zlo] Pb(NO,),, Cd(NO,),-4H,0, Cr(NO,);-9H,0,
Zn(NOy),-6H,05 Yo 52§ 2edt 3 20ml 4
£ petridishell 232 Z3it}. 7+ petridishel] 3%
2, Azgae, A plasmidrl Add gRE
gk & 30C F27)A 48417 wiekat 3 44
=& colony #72 HxAAANFEE SH5AY
(16, 18).

,000~8,000rpmel 4 5-6%-7F A&
Hg FEFE FHo A ul
Aol F5d7te] dztstE At
317] flgked  AAlEeiEE wfofoo
( g % 98°C ovenoll M #7|E&
P FHA g S A e FH 533
& F7188 2l F HCO+ D) E ARE
o] atomic absorption spectrophotometer
(Pye Unicam SP9 Series)& o]&8}o] F452 &
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Plasmid pJW9& 712 2AZ¥ERE 8mM
CuSO 7} -5 s =]ell A sheFslsict (Fig. 1). o5
FAZIA A AZe w2 £52 Cu' & # A3l =
e Folddq BUY A2 Bgd. 59 55
o #Hstr Cu* 5xo wsiel njxgh s B
o 25232 MT §A2 Z4}A] repressor 2H4-§-
3, galactose ASole MT $3a Al
derepressione] MT ghwlale] wyo| 4=ty
BEkelch(19). &4 TR/ e AX 453
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Fig. 1. Growth and copper removal of recombi-
nant S. cerevisiae BZ-pJ grown in 8mM Cu*
medium with glucose as a carbon source
(O:dry cell mass, @:copper concentration
in the medium, A :glucose concentration).
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Fig. 2. Growth and copper removal of recombi-
nant S. cerevisice BZ-pJ grown in 8mM Cu*
medium with various carbon sources(dry
cell mass for galactose(2), and mannose
(). Copper concentration in the medium
for galactose(A), and mannose(l)).

TRAALES AHEY] 95t} LT, galactose,
mannose( &5 68t & #-5-3) uf Aol Nz E
BE wjck-vlastdoh(Fig. 2). 2 shadollA HE
FASE, FIEAASE ¥ wansEE
Table o Aejaloich. ZEctg BagoR o2
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Table 1. Growth and copper removal of recombi-
nant S. cerevisiae BZ-pJ grown in 8mM
Cu* medium with different carbon
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Table 2. Minimum Inhibitory Concentrations for
different metals.

sources.
Carbon so
arbon sources Glucose |Galactose | Mannose
Final cell densi
inal cell density 104 112 10.2
g/f)
Specific Cu®* removal
, 189 14.2 179
(mg Cu™/g dry cell)
Specific growth rate
peci ngW 0.15 0.16 0.17
(hr™")

(Unit: mM)
Chromosome | Recombinant Cell
Host Celi | . . .
integrated Cell | with plasmid pJW9
Cu™ 4 10 13
cd* >2.1 03 06
™ 14 10 10
Zn* 6
Pb** 10 8

A%, HEFASEE 104g/¢, FA g Cu* 3%
o] 18.9mg Cu*' /g dry cello] o]ict. EAA <l
Cu* F2(u 7] F Cu** #HA)2 whek 21X o]F
o |1tk (Fig. 1, 2). loFAIE 1841704 30
AZE Apelell FFAFEE 23%Te] F7bEkelont
ol Aol A Cu** AR 54%7F AA=HNA
o 30412 AHE CurFASEE BAA Lol
At AZARLE AL @¥sA FAEHeY ols
Cu*'ol &k SAo] AW MT o] o3 A
5o} AE2AAb] dsE u]AR]| Zslr] WEolzt
Ak, AZRERS 4%E AHtE FelrE
= 3mM o|elglem, 1 o|3te] TR AE
A8 A 3= gldcH(16). HeFA7|eA &
A sl 4AEEE 0.15br olRieh.

Galactose #A] 9] 7% wieF 33A|7 7kA] F=E A
2R dodz Cud §3e Asl gt
(Fig. 2). 2248) Cu* §2& wlepAIL 334110
4 56A| 7Aoo A dojytom, o] 717k5<t TFAlE
T 28%ute]l Frletadot, Cu* F&E 79%7}
oot A5EA T Ael HAFEEE 0.16
hr'e g o3]8 Zxd whx|Bo} F7bstsict. 3%
TAEEE 11.2g/0 2 L5523 wjx)B} 8% 34t
sodod, #4 g3 Cu ek 14.2mg Cu*/g
dry cell2 £zl 9] Fatef 75% o &35t

Mannose ol A whok3gt A$-, HE2F A 2% (10.2
g/¢)¢ Cu**Fatek (17.9mg Cu® /g dry cell) &
Zeg wA9 olrt ok, Cur F4 Bapo] o
2 A|ZbE o] wieF 97k o] FR-E 304]7k7kA) Cu**
Fao] B35

Rhizopus arrhizus(20), Aureobasidium pullul-ans
(21) =¥ 3 Staphylococcus epidermis(22) 2}

Cu* Zzalgfo] 7247} 16, 6.4, 4.93mg Cu® /g dry
celled 7% wjws) 2o Az 29 Cu®* 2
sYo] o2 FFE oo A o 5 Qo

A& 0 2 galactoses AZFE R HBHoA
£ 73T saddolglent Cut* ek 3 2 8Ho
He Zxgol 473 shAslolgic)

Ay s AN

MT chiAo] whelo] H3<4 WA drpt 7)o
Al S odolry] 3t SFEHR(S. cerevisiae
BZ31-1-7Ba), Az 3R (S. cerevisiace BZ-pl),
Ao plasmidz} Ard® FEE(S. cerevisiae
YJW9)E Cd*, Cr**, Cu?*, Pb*, Zn* So| &
% plateoiA 7|19 H2AZAHF=E AAH
t}(Table 2). MT9 2&o 2 A2FFF2 Cu*t
g WAL 13mME 34 £2] dmMEr} 3u) o]
A A=Y Cdr e Cr#toll digk e 54
7} 238 Eted, A2¥FFY A A3
zrasltedel. Zn** 3} Pb* o digk WAL SFAZ
o} MEFFF 25 Aol7l slsddh. MT #-4zt
Cu® ol ojsf ¥de] Hug, Cu-MT f-HAE o}
7H Azgare] Cu*uie| sFAEeg F7}
Haoddh 28y MT f3%s o8 560 o3 2
o] =z %#7] " MTHAAS} Zn* 3 Pb**
of g FEWAZV ek TR o2 BEEd
o} 2 AzgEFFY Cd7 g Crof g WA
o] #F AT YAX} 7H4d olf BEHI

Cu" sTo g&

n*te 7] 58 ImMZ A% £ Cu*t 9 =
=% 0~3mME Wsi|7|v Axgane 453 F
EAATHE FAsn). oo E XTe AM
gtdct. Cu**7h A7FR iAol M= lag timeo] z}o]
§ Adstae 4AYe 9 Aoz} gk (Figs, 4)
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Fig 3. Growth and removal of recombinant S.
cerevisige BZ-pJ grown in a mixture of
ImM Cu* and ImM Zn* (O:dry cell
mass, concentrations of Cu*’ (@) and Zn*
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Fig 4. Growth and metal removal of recombinant
S. cerevisiae BZ-pJ grown in a mixture of
2mM Cu* and ImM Zn* (O:dry cell
mass, concentrations of Cu**(@) and Zn*
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B3 deFA7]e A F2 ARSI Znt vt
A A E AzTERe HFFAFEE
49¢/ £ EFHF Ao IntAATHLS

479
25
s
1,9 &
20 £
3
3 3
~ g
o
7 115 g
= g
3 110 g
”
&
(3]
105 £
=
L 0.0
0 10 20 30 40 50 60 70

Time(hr)
Fig 5. Growth and metal removal of recombinant
S. cerevisiae BZ-pJ grown in a mixture of
ImM Cu®* and 2mM Zn* (O:dry cell
mass, concentrations of Cu*(@®) and Zn*
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Table 3. Growth and metal removal of recombi-
nant S. cerevisice BZ-pJ grown in Zn*
(ImM) media with different concentra-
tions of Cu*

ZoF 1mM | Zn™ 1mM | Za* tmM | Zn* 1mM
+ + + +
Cu” OmM | Cu” 1mM | Cu® 2mM | Cu* 3mM
Final (cz;lgd;nsny 49 71 69 68
Specific Zn*
removal 13.3 6.5 7.1 6.8
(mg Zn™ /g dry cell)
Specific Cu®*
removal N.A 5.1 119 158
(mg Cu®* /g dry cell)

N.A :not available

13.3mg Zn** /g dry cello|glc}h. 22t Cu? 7} &
At Zn*AAFL 238 6.8mg Zn’/g dry
cell2 Zn*wtk e A oF 50%] &3}t
(Table 3). Zn®* 2| ASdo] Cu?* ¥rle| wak 72
s olfe £9slr 9o} Cuts} Zn* ol AE
W EAn AYHe g Agelr) gl Ho2 Yzt
o}k, Cu® ImM3 Zn** 1mM &3l ]l A 2] A
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Table 4. Growth and metal removal of recombi-
nant S, cerevisiae BZ-pJ grown in the Cu*
(ImM) media with different concentra-
tions of Zn*

Cu* 1mM | C® 1mM | Co* ImM
+ + +
Zn* 0mM | Zn* 1mM | Zn* 2mM

Final cell density

6.8 7.1 79
g/0)
Specific Zn** |
pecific Hn remova NA 65 o3
(mg Zn* /g dry cell)
Specific Cu™ removal
. 12 5.1 53
(mg Cu®* /g dry cell)

N.A :not available

AF&A %L 11.6mg (Zn** +Cu?")/g dry cell2
Zn*t ek A5 w)xjel 4 A Azkel 13.3mg Zn*' /g
dry cellz} w58t gh& eldide}. An9le @Ak
Cu®* Al Agko] wj)9) Cu®* o] vlEgthe Aol).
Cu* 9} 57} 24, 3] Z71d o &4 g Cu*
AAHE 2tz 2.3u), .18 F7lskelch. oleid A3
o Cutul Zasks wR|olA]e] Cu®t A|Aeke] A
Azetw dxlebs Zolqick(16). L2t Cu A AE
2 Cutzmoll FAIgle] Ao AT ghal 57% 1
om, Zn* AAZE ¥ A}o|7} gisirt.

n* Lo Hg

Cu* 9 ¥2& ImME dAs}A stz Zn* 9 &
TE 0~3mME RisA|7|dAM H2ga e 453
TEHEAATHEE AFET. Zn* 3mMe] 43
ATl el dova] Estgodt Zn*
2mMol A= AAE BoF9ck(Fig. 5). ol Az
gane Ao Zn*e Ao Cu™ g FAHT}
o] 75 AedoE s B} Table 29
bl Zn*t o] HaAAA A FEE 6mM o|glont o
A Al = 3mM w]ake] ). o]#dt HaAAA
#HEro] Aole u| A HAX] 2] gF
ql Ao oAt Table 404 & 4= )=o] Zn**
o] Fx7} 2w FUlie FA g2 Zn*t AARL
L.2eigt Z7sbqict. Cu** o) AARE wAF 5T
7} dAA ImME A5 7) dFell Zn* =9}
 FAsA visg s Jebigid. Cu* ImMyt
o] 55 wjz|of Zn* o] HrlEHAM Cu* o F2
o] 4.3v) AX Z7|3F AL Zn* Artel 97t FF
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A 7R FE AZE 2us] 8 Axs)
< 4 AAY) g Aoz ¥,
# o] &7t ImMelA 2mMZ F7kstHA A
FaBaleko] 11.6mg (Zn** +Cu®*)/g dry cello
A 13.6mg (Zn* +Cu®")/g dry cellZ2 Z7}st
22 zpo)7b 2.0mg (Zn** +Cu®*')/g dry celld] &3}
FoE FEEFHFHL In¥ v #HIEgE Cu*
ol o ugEtA oEstdct.

=
=
3

B b

U

2 o

)

428 el metallothionein(MT) =}
Wao] 1R FFE WAT AA SA4 =A

¢ Anrgict MTRAAE yAxs 2
¢ EE= S5 T vlahA Cu**fAde] 3uf o]
Z7ktded, Cr*t, Pb*, Zn* o ek A&
SFAZE 2ol golch AZYEEE SmM
CuSO. & #ste Zxgd& stisdoz g wiA|q
A 18.9mg Cu*' /g dry cell2 Cu** & A|A3}ic}.
Cu*r 9} Zn*" o Eujz|ollHq Cu* 7} EAMTo2H
Zne-o] LB e SAE RAAA 12 4%
ol HFAAFEE TG AZFEEY
Cu* A AL x5 Cu* s vt Cu*
s=ob 2w, 3uf T o #A gF Cu* A A

ox N rir to
Eo‘

7tz 238, 3.4 Frbskedch zeu Cu AAL
2 Cusxel FaAsHA A dAT el 57%
£ 2ok Zn* AARE In* v vlEsht
7HE-& Cu*' ol w]dhe] of9- i}
A

£ dtE 28 sedrzgddel (w31
of ofsf Fa=glom old ZhAbe] WEE =
=%
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