
Metal-binding proteins in bream
(Abramis brama L.) caught in the
River Elbe
Ulrike Kammann, Jürgen Grymlas, Wolfgang Hein and
Hans Steinhart

Metal-binding proteins were investigated in livers of bream
caught in the River Elbe from Steti (Czech Republic) to
Hamburg (Federal Republic of Germany). A major zinc and
copper binding protein fraction with a low molecular weight of
10 000 to 12 000 Da and with properties similar to
mammalian hepatic metallothionein was isolated from bream
livers using gel filtration chromatography. Two protein
isoforms could be separated by reversed phase-high
performance liquid chromatography (RP-HPLC), however,
mercury was associated with only one isoform. The possibility
of different detoxification potentials of the isoforms is
discussed. Maximal concentrations of metal-binding protein
were detected in samples from Dresden. If metal-binding
proteins are to be included in a biological monitoring study,
further investigations are required.
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Introduction
Metalloth ioneins (MT)  are  low-weight , heat  stab le  pro te ins

characterized by high cystein e an d heavy m etal  contents.  M T

appear s to  be ub iquitou s in  vertebrate  t issu es  and is  rea di ly

induced by a v ar iety  o f  agents including the m etals  m erc u ry

and cadm ium to w hich i t  b inds (K ägi and  K ojim a 1987,

S ti l lm an et  al. , 1992).  MT and metal  binding pro te ins (MBP)

have been  isolated f rom  tissues of  several f ish  spec ies (Georg e

and Langston 1994, Roesi jad i  1992,  Kam m ann et al. 1996).  T he

m ajor ro le of  MT  under norm al metab olism is presu m ed to  b e

the hom eostat ic  regu la t ion of  in tr acellular  z in c-  and  co pper-

avai labili ty  (Olsson et al . 1987).  By binding  excess meta l,  MT

appear s to  act  as a  detoxifying agent.  Thus analysis  of  f ish  l iver

MT  mig ht pro vid e a  m easure  of  sub-acute m etal  exposure

(Roesij ad i 1992 , Cosson , 1994).

M Ts hav e bee n p roposed as biom ar ker s f or  m ar ine

ecosystem s in  internat ional frameworks (ICES  1995) and some

field invest igat ions indicate  the usefulness  of  their  applicat io n

(Galgan i et al. 1992,  Hylland et al.  1992,  Schlenk et al. 1995).

F or m ost  aqu at ic  spec ies studied,  a t  leas t  two

c h rom ato graphica l ly  dist inct  isoform s h ave been re p o rt e d

(Weber et  al.  1992,  Kam m an n et  al.  1996) .  However, there  are

som e fish  spec ies with only one MT  isoform. I t  has been

suggested that different MT  iso form s m ay h ave differe n t

bio logical funct ions or  de toxi f ica t ion potentia ls  (Vallee 1991,

C h u  et  al. 1994). However, quan tif ica tion of  the  iso form s i s no t

includ ed in  so m e co m m only used m etho ds for  d eterm in at io n

of  MT. An M T d etermination which  is speci f ic  for  isoform s

m a y  prov ide valuable  inform atio n for  interpre ta t ion of

m onitor ing data .

T he River  E lbe is one of  the m ost pollu ted r ivers  in  E uro p e.

Ac cord ing to  the po li t ical changes in  the eastern  p art of 

E uro pe a  red uctio n of  th e p ollu t ion  lo ad and  a  com m ence m ent

of the process  of  clean-up of  the r iver  ecosystem  is  expected

(Müller  1996) and may be m onitored usi ng b iom arker s

(Jed amski-Gry m la s et  al.  1995) .  T he pre sen t  s tu dy  wa s

u n d e rtaken to  contr ibute  to  the d iscussion  in  w hat  w ay MT-

like MBP  could be used as biom ar ker s of  exposure  in  the River

Elbe.

METHODS

Chemicals
All chemicals were of analytical grade and obtained from Sigma Chemicals Co.

(Deisenhofen, Germany) unless otherwise noted. Sephadex G-75 was purchased

from Pharmacia (Uppsala, Sweden) and acetonitril, far UV-quality, from Fisons

(Leicestershire, Great Britain). HNO3, suprapur was purchased from Merck

(Darmstadt, Germany).

Collecting the fish
Male bream were caught in October 1992 with nets (40 mm mesh width)

positioned for approximately 1 h at 7 stations in the River Elbe. The locations of

the sampling stations extended from the city of Steti (Czech Republic) at the upper

stream to the downstream city of Hamburg (Federal Republic of Germany)

covering a distance of 800 km (Figure 1). Immediately after the catch bream were

killed by a blow to the head. The fresh weight and standard length were registered.

Livers were removed, rinsed with ice-cold 0.15 M KCl, divided into subsamples

and shock frozen in cryo tubes with liquid nitrogen. All bream were adults with

mean body lengths between 24 and 45 cm.

Isolation of MBPs
A subsample of 1 g liver tissue was homogenized in 2 ml 10 mM Tris-HCl buffer

(pH 7.5 containing 5 mM 2-mercaptoetanol and phenylmethansulfonylflourid)

using a glass-teflon homogenizer. The homogenates were centrifuged (1 h,

105 000 ́ g, 4°C) followed by a heat treatment in a water bath (10 min, 59°C)

and subsequent centrifugation (30 min, 3500 g, 4°C). In the resulting cytosol,

zinc, copper and cadmium contents were determined by atomic absorption

spectrophotometry (AAS) after acid hydrolysis. The protein content of cytosol was

determined by the method of Bradford (1976). A subsample of the cytosol was

subjected to gel filtration chromatography (GFC) employing a column (25 ́ 280

mm) filled with Sephadex G-75 and connected to a peristaltic pump, and using the

homogenization buffer as mobile phase. The column was eluted at a flow rate of

30 ml/h. Fractions (3.5 ml) were collected by a fraction collector attached to a

cryostat (4°C) and monitored for the UV-absorption by 220, 254 and 280 nm at

an UV-photometer. The thiol contents were determined in the GFC fractions

according to Ellman (1959) with 2,2Â -dithio-5,5Â -dinitrodibenzoic acid using rabbit

liver MT I as standard substance. The MBP containing fractions were concentrated
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via ultrafiltration (Macrosep D-3000, Filtron, FRG), filtered through a 0.2 m m

membrane and stored in liquid nitrogen until HPLC-analysis if not used

immediately. All steps of sample preparation were performed at 4°C.

Spiked samples and standard solutions of rabbit liver MT I were used to test the

recovery of single steps of MBP isolation procedure. Loss of MT during the

ultrafiltration step was 26%, probably due to absorbtion of the protein to the

membrane, however, in samples cytosolic protein seems to have a protective

effect. During GFC or HPLC treatment only 5% or less were lost. A total recovery

of 70 % was determined. HPLC recovery of rabbit liver MT I standard substance

was calculated over metal content in the eluate. The recovery ranged from 90 to

95 %.

Molecular weight (MW) estimation
The MW of the metal-binding protein was estimated using GFC. Samples were

applied to the GFC-system described above. The following protein standards were

used for column calibration: blue dextran (MW 2 000 000 Da), egg albumin (MW

45 000 Da), carbonic anhydrase (MW 29 000 Da), a -lactalbumin (MW 14 200 Da),

cytochrome C (MW 12400 Da), and rabbit liver MT (apparent MW 10 000 Da).

HPLC-analysis
The HPLC-analysis was carried out according to the method described by

Richards (1989) with modified buffer conditions resulting in an improved

resolution of the MT or MBP isoforms in the chromatogram. The Merck-Hitachi

HPLC-system consisted of a gradient pump, a UV/VIS-detector adjusted at 220

nm, a Rheodyne injection system equipped with a 100- m l-sample loop and a

Nucleosil RP-8 column (4 ́ 250 mm, 300 m m mesh) maintained at 25°C by a

column thermostate. For gradient elution a 1 mM Tris-HCl buffer (pH 7.7 [buffer 

A]) and a mixture of buffer A with acetonitrile (40:60, v:v [buffer B]) were used. The

linear gradient of 0 to 30% buffer B was run within 20 min at a flow rate of 1

ml/min. The MBP content was determined with external standard solutions of

rabbit liver MT. The linearity of the  HPLC-method ranged from 1.6 to 25 m g MT

injected. The correlation coefficient was greater than 0.999.

Metal determinations
Copper and zinc were analysed by flame-AAS after acid hydrolysis of the 

cytosol with HNO3. Mercury concentrations were determined according to Hatch

and Ott (1968) by cold vapour-AAS in fresh tissues and in HPLC eluates (detection

limit 0.04 m g/l). Metal contents in GFC and HPLC fractions were determined

directly.

Results
A  p ro tein containing m ainly zin c and cop per  (MW  range of

10 00 0±12 0 0 0 Da) was detected  in  the heat  trea ted  cytosol

elut ing from  the Sephadex  G-75 colum n (F ig ure 2) .  T he  m etal-

bin ding  p ro tein con ta ined  high am oun ts of  thiol ,  indicat ing a

high cyste ine content of  25±30 residu es p er  m o lec ule

(calcu lated from  the  p ro tein and  thiol  co ntents o f  the

10 00 0±12 0 0 0 Da frac t ion) w hich  is typical  for  MT. T he

p ro p e rti es of  the pro tein (m olecular  m ass,  heat  s tabil i ty, metal

bindin g and high th iol-content)  lead to  th e conclusion that  th e

MBP iso la ted fro m  b ream  l iver  ti ssues w as of  the MT type. Tw o

isoforms of MBP could  be separated  by  RP-HPLC (Figure 3a) .

In both MBP isoform s the m etals  co pper  an d zinc co uld  be

det ected ,  h ow ev er,  m erc u ry  was o nly associated with  on e

isoform (Fig. 3b) .

Z inc,  cop per  an d m erc u ry  w e re  quanti f ied in  m ale f ish  fro m

ev ery  sta t ion.  Mean MBP concentrat ion s in  heat  treated bre a m

liver  cytoso ls ranged  from <2 m g/g pro tein ( l im it  of

d et e rminat ion for  the sum  of  both MBP  isoform s) to  10.3 m g/g

p ro tein  in  samp les from  Dresden  (Table 1) .  Although the data

base  is  too sm al l  to  draw stat is t ically  s ign if icant conclusions,

w e ca n p rovid e an indicat ion of  th e presence of  differen c es i n

MBP isoform  re lat ions in  f ie ld  sam ples ( co mp are  Table 1) .

Discussion
M e rc u ry  is a  potent inducer  for  MT  in f ish l iver.  Ap plicat ion of

m e rc u ry  led to  higher increases  of  MT  levels in  car p than

ob served by treatment w ith cad mium  or  zin c (Cosson 199 4).

T h e  p resence of  merc u ry  in  only one isoform of the MBP of

b ream (Figure  3b) could h av e b een caused  by a  m erc u ry

induced syn th esis  of  th e isoform or by  a  higher aff in i ty  for  the

m etal ,  respecti vely.  A com binat ion of  both causes  is  poss ible

as well .

C h u  et  al.  (1994)  detec ted  differences in  th e bin ding  capacity

of merc u ry  between the two m ajor MT  isoforms of  rabb it live r:

The abi l ity of  apo-MT 1 to bind  to  Hg2+ ion is  st ro nger  th an the

ab ili ty  of  apo-MT 2. Apo-MT1 was ab le to  bind m ore Hg2 + i o n s

and  ex hib ited  a  m ore  s table conf orm ation  than the apo-MT 2.

Jiang  et  al. (1994)  re p o rted  differen t  s tructur al  p ar ameters  for

U. Kammann et al.126

Figure 1. Sampling locations at the River Elbe in the Federal Republic of

Germany and in the Czech Republic.
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m e rc u ry-containing MT  than for  MT  containing other  metals .

T h e autho rs  prop osed  a  new  st ru c tu re of Hg
7
-MT (form ed f ro m

Z n
7
-MT at pH 7) in  which each Hg2 + is  co ord inated  by fou r

th iol ates  bu t  w ith  tw o un usually  sho rt  bo n ds an d tw o

u nu sual ly  lo ng  b on ds.

In accord an ce w ith Ch u  et  al.  (199 4)  our  re sul ts  u nd e rl in e

the possibi li ty  f or  differen ces  in  in terac tion of  MBP isoform s

a n d  m e rc u ry  in  bream cau ght  in  the  River  Elbe . If sing le  MBP

isoform s are  induciable  by potentially  tox ic  m etals  or  have a

st ronger  aff ini ty for  these  m etals the isoform s m ay  be inv olv ed

in different  detox if icat ion  processes.  Ch u et  al. (1994 )

p re dicted  d iffe ren t  detoxif icat ion potentials f or  the two MT

isoforms of  rabbit  live r.  T herefore  the know ledg e of  metal

aff in ity  of  the  MBP iso form s m ay  b e im p ortant f or  the

in t erp retat ion of   data from  monitoring studies if  isoform

specif ic data  are available .

E levated levels  of  cytoso lic  z inc and copper concen tr at ion,

as  p resent ed in  Table  1  (sampling sit e Dresden),  are typical  for

Metal-binding proteins in bream 127

Figure 2. GFC elution profile of heat treated bream liver cytosol. Protein: light dashed line; zinc: solid line; copper: dark dashed line. Arrows indicate elution volumes of

standard proteins.1: egg albumin. MW 45 000 Da; 2: carbonic anhydrase, MW 29000 Da; 3: a -lactalbumin, MW 14 200; 4: cytochrome C, MW 12 400 Da coeluting with

hepatic rabbit MT, apparent MW 10000 Da.

Cu [mg/g prot.] Zn [mg/g prot.] Hg [m g/g FW] MBP [mg/g prot.]

Station n mean s.d. mean s.d. mean s.d. Ma Mb sum Hg, Igeo class sediment

Steti 4 0.69 0.32 0.94 0.48 0.79 0.30 3.0 1.9 4.9 4

Dresden 5 1.32 0.75 1.94 1.16 5.41 3.68 6.5 3.8 10.3 4

Barby 5 0.87 0.48 0.73 0.28 0.60 0.24 3.5 2.2 5.7 5

Wittenberge 5 0.93 0.97 0.50 0.50 ± ± 1.7 2.3 4.0 5

Oortkaten 9 0.56 0.30 0.62 0.28 1.40 <1.0 <1.0 <2.0 4

Mühlenberg 5 0.73 0.40 0.58 0.17 ± ± 1.1 2.1 3.2 4

Table 1. Mean values and standard deviations (s.d.) of metal and metal-binding protein (MBP) concentrations in hepatic cytosols of male bream (Abramis brama)

from the River Elbe.

Data are expressed on the base of cytosolic protein (prot.) or fresh water weight (FW). n: number of fish analysed individually; ± : not determined; Ma, Mb: mpb

isoforms compare Figure 3a. Hg Igeo classification for sediments (<20 m m sediment fraction) according to Müller and Furrer (1994): Igeo class 0 (non polluted):

<0.6 mg Hg/kg; Igeo class 4 (high polluted): 4.8± 9.6 mg Hg/kg; Igeo class 5 (high to excessive polluted): 9.6± 19.2 mg Hg/kg.
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biologica l signif icance  of  the iso forms. If  there  are  differe n t

metal binding abil it ies of  the MBP isoform s,  a s  d iscu sse d

ab ove,  they should  be assayed separately.  T herefore  i t  will  be

ne cessa ry  to  separate the isoform s by suitable  ch rom ato grap hic

tec hn iqu es.
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Figure 3. RP-HPLC elution profiles. a: UV-absorption (220 nm), labelled peaks

are MBP isoforms; b: zinc (dashed line) and mercury concentrations (solid line)

determined in the RP-HPLC eluate.

MT  induction (G eorge and L angston 1994). Merc u ry

concentr at ion in  l iver  t issu e may  have p rom oted t he MB P

synthesis  in  b ream caught a t  Dresd en;  h ow ev er,  oth er  causes

for  e levated MBP levels  cannot be excluded.  The m erc u ry

content  of  bream  from the River E lbe  is prob ably d ue to

d i sc h arg es  of  chem ica l  an d pharm a ceu tic al  in du str ie s w hich

ha ve bee n p art ly  closed dur in g the las t  year s.  Consequently

m e rc u ry  d isc harg es  have decreased over  the last years  (Müller

1996).  In October 1992, when  the f ish  for  the  prese nt  s tu d y

w e re  cau ght,  m erc u ry  concentrat io n in  sedim ent of  the River

E lbe was analysed by Müller  and F urre r  (1994). T he authors

class if ied th e sedim ent co ntam ination at  the sam pling  si te  as

`high polluted ’  or  `high to  excessi ve pollu ted ’  com pared  to

backgrou nd valu es (Table  1) .

For  in tegra ting MBPs in a bioeff ec t  m onitoring concept ,

info rm ation  is  incom plete .  T he physiolog ical  fun ct ion and

fac tors influencing the basa l MBP status of  the f ish  are  no t

su ff ic iently  kno wn. F urth er  s tu dies are  nece ssary  to  clar ify the
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