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Synthetic metal-binding protein surface domains for metal
ion-dependent interaction chromatography

II. Immobilization of synthetic metal-binding peptides
from metal ion transport proteins as model bioactive
protein surface domains
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ABSTRACT

This preliminary investigation tests the premisc that biologically relevant (1) peptide-metal ion interactions, and (2} metal jon-
dependent macromoiecular recognition events (e.g., peptide-peptide interactions) may be modeled by biomimetic affinity chromatagra-
phy. Divinylsulfone-activated aparose {6%) was used lo immobilize three different synthetic peptides representing metal-binding
protein surface domains from the human plasma metal (ransporl protein histiding-rich glycoprotein (HRG). The synthetic peptides
represented 1-3 multiple repeat units of the 5-residue sequence (Gly—His—His-Pro-His) found in the C-terminal of HRG. By frontal
analyses, immobilized HRG peptides of the type (GHHPH),G, where n = 1-3, were each found to have a similar binding capacity for
both Cu(ll} jons and Zn(IT) ions (31 38 umol/ml gel). The metal ion-dependent interaction of a variety of model peplides with each of
the immobilized HRG peptide affinity columns demonstrated differences in selectivity despite the similar internal sequence homology
and metal ion binding capacity. The immobilized 11-residue HRG peptide was loaded with Cu(IT) ions and uscd to demonstrate
selective adsorption and isolation of proteins from human plasma. These results suggest that immobilized metal-binding peptides
sclected from known solvent-exposed protein surface metal-binding domains may be usefu model systems to evaluate the specificity of
biologically relevant metal ion-dependent interaction and transfer cvents in vitro,

INTRODUCTION

Despite remarkable increases in the number of
solutions to various biopolymer structures, the sur-
face chemistry of biospecific macromolecular inter-
actions remains elusive in the majority of cases. De-
velopment of stationary phase surfaces with immo-
bilized ligands of predetermined biochemical speci-
ficity and affinity for specific peptides and protein
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surface structures may provide useful i vitro mod-
els to investigate a variety of macromolecular rec-
ognition events.

Metal ion-dependent protein—protein and pro-
tein-DNA interactions occur frequently in nature
and are now being recognized as events of major
regulatory significance in biology (e.g., refs. 1 and
2). The interactions of peptides and proteins with
surface-immobilized transition metal ions in vitro
may present an important opportunity to investi-
gate and model the subtleties of metal ion-depen-
dent macromeolecular recognition motifs. Proteins
with well-defined surface structures have been used
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to cxplore differences in the predicted and observed
interactions of these proteins with immobilized
transition metal ions under a variety of experimen-
tal conditions [3-6]. We propose that this approach
may be especially informative if the model surface
of stationary metal ions is comprised of synthetic
peptides which represent naturally occurring metal-
binding domains identified from the surface of
known metal transport proteins.

The human plasma protein referred to as histi-
ding-rich glycoprotein (HRG) is a 75 000-dalton
Zn(ID)- and Cu(Il)-binding protein rich in His (11—
13 mol%) and Pro (14-16 mol%) [7-13]. A 5-resid-
ue sequence (GHHPH}) in the His-rich C-terminal
region of HRG has been identified tentatively as the
Zn({ID)- and heme-binding motif in this protein [14
17]. This 5-residue primary sequence is found in
tandem repeats of up to 23 residues in length. We
have synthesized (GHHPH),G for n = 1-3 to in-
vestigate the affinity of this protein surface metal-
binding domain for free metal ions (see also refs,
18-21, added in proof) and to evaluate metal ion-
dependent macromolecular recognition of this pep-
tide.

The purpose of this communication is to discuss
concepts, outline problems and present preliminary
data which may serve as examples to increase the
interest in using a biologically directed approach to
the design and investigation of metal ion-dependent
biomolecular interactions.

EXPERIMENTAL

Synthesis of HRG metal-binding peptides (GHHPHG
tandem repeats)

The 6-residue HRG peptide (GHHPH),G (1-
mer), the 1l-residue HRG peptide {(GHHPH),G
(2-mer), and the l6-residue HRG peptide
(GHHPH),G (3-mer) were synthesized on an Ap-
plied Biosystems Model 430A automated peptide
synthesizer using 9-fluorenylmethyloxylcarbonyl
(Fmoc} chemistry. Peptide purity was verified by
reversed-phase high-performance liquid chroma-
tography. Peptide sequences were verified by se-
quential Edman degradation (see ref. 22) with an
Applied Biosystems Model 473A automated pep-
tide sequence analyzer. Determination of synthetic
peptide mass was performed with a Vestec UV laser
desorption time-of-flight mass spectrometer [18-
21,23].
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TABLE I
IMMOBILIZED METAL-BINDING HRG PEPTIDES
Bound transition metal ions; Cu(IT), Zn{IT)

Immoabilized GHHPHG
Immobilized GHHPHGHHPHG
Immobilized GHHPHGHHPHGHHPHG

fmmobilization of synthetic HRG peptides

Sepharose 6B (Pharmacia) was activated with di-
vinylsulfone (DVS) as described carlier by Porath
and Axen [24]. Equivalent molar quantities of each
of the HRG peptides were coupled (10 ymol/g gel)
in 0.5 M sodium bicarbonate at pH 8-9 for 20 h at
23-25°C. Remaining vinyl groups were blocked by
incubation overnight with 10% glycine in 0.5 M so-
dium carbonate at pH 9.4, Control preparations in-
cluded DVS-activated agarose gel treated in an
identical manner except for the addition of HRG
peptide. Metal binding capacities were confirmed
by frontal analyses with copper sulfate (0.8 mAM) or
zinc sulfate (1.0 mAS) in 25 mM 4-(2-hydroxyeth-
vl)-1-piperazinethanesulfonic acid (HEPES) buffer
(pH 6.0-6.5). The void (dead) volumes were deter-
mined by pumping the same metal ion solutions in-
to control columns of DVS-cross-linked agarose of
the same dimension and bed volumes but prepared
without immobilized peptides (i.e., glycine inacti-
vated).

Interaction of model peptides with immobilized HRG
peptide—Zn( 1) and Cuf 1) ions

Affinity columns (2.3 crm x 1.0 ¢cm LD.) of the
three different immeobilized HRG peptides were
loaded with a (.8 mM solution of Cu(Il) ions or a
1.0 mAM solution of Zn(II) ions in 25 mM HEPES
buffer (pH 6.0-6.5). This is an important distinction
from the metal ion loading procedures described
previously for work with immobilized iminodiace-
tate {IDA) or tris(carboxymethyl)ethylenediamine
(TED) metal chelate columns where metal ions were
loaded in water [13,25-27]. Metal-free peptide sam-
ples were added (50-100 ul) to immobilized HRG
peptide—Cu(IT} or immobilized HRG peptide-
Zn(Il) equilibrated with 20 mAM sodium phosphate
buffer (pH 7.0} containing 0.5 Af NaCl. Unbound
peptides were removed by elution with column
equilibration buffer. Bound peptides were cluted
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with a pH gradient from pH 7.0 (20 mM sodium
phosphate, 0.5 M NaCl) to pH 3.8 (50 mM sodium
phosphate, 0.5 M NaCl) unless stated otherwise.
The 1onic strength of both the column equilibration
buffer and the pH gradient elution buffers was ele-
vated by inclusion of (.5 M Na(l to eliminate non-
specific electroslatic interactions otherwise ob-
served with immobilized metal ion affinity chroma-
tography [25,26]. The absorbance at 220 nm and/or
280 nm and pH were monitored in each fraction (1
ml).

Interaction of human plasma proteins with immobi-
lized HRG peptide-Cu(1l} ions

An affinity column (2.3 x 1 ¢m) of the 11-residue
HRG peptide (2-mer) was loaded with Cu(Il) ions
and equilibrated with 20 mM sodium phosphate
buffer (pH 7.0) containing 0.5 M NaCl. An aliquot
of human plasma (0.5 ml, dialyzed against 50 mM
EDTA, then column equilibration buffer) was in-
jected into the column and washed extensively (over
250 column velumes) until the absorbance at 280
nm had reached baseline. The bound proteins were
then eluted with a pH gradient from pH 7 to 3.8 and
finally with 50 mAM EDTA in 20 mM sodium phos-
phate pH 7.0.

Sodium dodecyl sulfate (SDS j—polyacrylamide gra-
dient gel efectrophoresis (PAGGE)

Samples were heated with 2 to 5 volumes of solu-
bilization buffer (2% SDS, 3% mercaptoethanol, 50
mAM Tris—HCI, pH 6-8, and 10% glycerol) at 95°C
for 2 min and then separated on a 8-12% polyacryl-
amide gradient gel according to Lacmmli [28]. Sil-
ver staining was according to Morrisey [29].

RESULTS

Fig. | shows the frontal analyses of Cu(lIl} ion
interaction with the immobilized 6-residue HRG
peptide (GHHPH), G, the immobilized 11-residue
HRG peptide (GHHPH),G (2-mer), and the immo-
bilized 16-residue HRG peptide (GHHPH),G (3-
mer) (Table T). Frontal analyses were performed on
two different sets of each immobilized peptide col-
umn. Despite differences in the number of internally
homologous repeat units, there were no significant
differences in the total Cu(Il) ion binding capacity
(31 ymol/ml gel) among the three different immobi-
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Fig. 1. Frontal analyses of Cu(ll) ion interaction with the immeo-
bilized 6-residue HRG peptide (GHHPH), G (1-mer; O), the im-
mobilized 11-residue HRG peptide (GHHPH),G (2-mer; V)
and the immobilized 16-residue HRG peptide (GHHPH),G (3-
mer; C). The columns (2.3 cm x 1.0 cm 1.ID.) were equilibrated
in 25 maf HEPES buffer pH 6.0. A solution of CuSO, (800 pM)
in 25 mM HEPES (pH 6.0) was pumped continuously into the
columns. Copper elution was monitored by absorbance at 280
nm.

lized HRG peptide affinity columns. Nonetheless,
these same columns differed appreciably in their af-
finity for a given set of model peptide ligates.

Fig. 2 illustrates the Cu(ll) ion-dependent inter-
action of angiotensin I with separate columns of
immobilized 6-residue HRG peptide GHHPHG (1-
mer), the immobilized 11-residue HRG peptide
{GHHPH),G, and the immobilized 16-residue
HRG peptide (GHHPH);G. In no case was any
portion of the applied angiotensin I ever observed
to elute unbound in the column flow-through frac-
tions (i.e., equilibration buffer). When elution of
bound angiotensin I from each of the three different
immobilized HRG peptide—Cu(Il) columns was ini-
tiated with an identical gradient of descending pH
{from pH 7 to pH 4), significant differences in an-
giotensin | elution were apparent (Fig. 2); differ-
ences in angiotensin I elution from these columns
were also observed by stepwise pH elution (data not
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Fig. 2. Cu(ll) ion-dependent interaction of angiotensin I with
immobilized [-mer (peak 1; C), 2-mer (peak 2; V) and 3-mer
(peak 3, A). After loading with Cu(Il) ions as described in Fig. I,
the columns (2.3 cm x 1.0 cm 1.D.) were equilibrated with 20
m A sodium phosphate (pH 7.0) containing 0.5 A NaCl. Elution
of bound peptide was initiated with a descending pH gradient
from pH 7 to pH 4 (). Fractions of 1.0 ml each were collected.
Peptide elution was monitored by absorbance at 220 nm.

shown). Therefore, a larger series of different mode!
peptides were evaluated for indications of selectiv-
ity for immobilized HRG peptide-Cu(II).

Results shown in Fig. 3 illustrate further the
Cu(IT) ion-dependent interaction of several differ-
ent peptides with only the immobilized 11-residue
HRG peptide (GHHPH).G. The column of immo-
bilized HRG metal-binding peptide (GHHPH),G
was loaded with Cu(1l) ions and equilibrated with
20 mM sodium phosphate buffer (pH 7.0) contain-
ing 0.5 M NaCl. The separate numbered elution
peaks shown in Fig. 3 reflect the ability of the im-
mobilized (GHHPH);G, only in the presence of
bound Cu(II) ions, to resolve bovine gastric inhib-
itory peptide, angiotensin II, the 6-residue HRG
peptide (GHHPH); G, angiotensin I, parathyroid
hormone 1-34 and human gastric inhibitory
peptide. When the 11-residue HRG peptide
(GHHPH),G was added as free peptide to the col-
umn of immobilized (GHHPH),G it was tightly
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Fig. 3. Cu(Il) ion-dependent interaction of several different met-
al-binding peptides with the immobilized 11-residue HRG pep-
tide (GHHPH),G (Z-mer). A 1.8-ml column (2.3 em x | cm
1L.D.) of the immobilized (GHHPH),G was loaded with Cu{lI)
ions and equilibrated with 20 mAM sodium phosphate buffer (pH
7.0 containing 0.5 M NaCl. The various peptides to be analyzed
were loaded onto the immobilized (GHHPH),G-Cu(II) ion col-
umn separately (50-100 ). After removing unbound and loos-
ely retained peptides by washing with 22 fractions (1 ml each} of
column eyuilibration buffer, bound peptides were eluted with a
discontinuous pH gradient (O1) from pH 7.0 to pH 5.8 (20 mM
sodium phosphate, 0.5 M NaCl) and from pH 5.8 to pH 3.8 (50
mM sodium phosphate, 0.5 M NaCl). Absorbance at 220 nm or
280 nm in each fraction was monitored as a function of measured
elution pH. The numbered peaks indicate the elution positions of
(1) bovine gastric inhibitory peplide, (2) angiotensin I1, (3) the
HRG peptide (GHHPH), G, (4) angiotensin 1, (5) parathyroid
hormone 1-34, {(6) human gastric inhibitory peptide and (7) the
HRG peptide (GHHPH),G.

bound and, upon elution at low pH, was only bare-
ly distinguished from human gastric inhibitory pep-
tide. None of the peptides were retained on the col-
umn of immobilized (GHHPH),G in the absence of
metal ions (data not shown). We next investigated
the affinity of each HRG peptide affinity column to
bind Zn(II) ions.

Frontal analyses of Zn(Il) ion interaction with
the immobilized 6-residue  HRG peptide
(GHHPH), G, the immobilized 1l-residue HRG
peptide (GHHPH), G, and the immobilized 16-res-
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Fig. 4. Frantal analyses of Zn{IT) ion inleraction with the immeo-
bilized 6-residue HRG peptide (GHHPH), G (1-mer; O), the im-
mobilized 11-residue HRG peptide (GHHPH),G {2-mer; V)
and the immeobilized 16-residue HRG peptide (GHHPH), G (3-
mer; [1). The columns (2.5cm = 1.0 em 1.D.) were equilibrated
in 25 mM HEPES buffer pH 6.5. A solution of ZnSQ, (1 mad;
labeled with 6°ZnS8Q,) in 25 M HEPES (pH 6.5) was pumped
continuously inte the column. Fractions of eluate (1.0 ml each)
were monitored for radioactivity to quantitate eluted Zn(1I).

idue HRG peptide (GHHPH);G is shown in Fig. 4.
As in the case of Cu(II) ions, despite a three-fold
difference in the number of homologous repeat
units, there were no significant difference in the Zn
(IDion binding capacity (38 gmol/ml gel) among the
three dificrent immobilized HRG peptides. The im-
mobilized HRG peptide—Zn(II) columns did, how-
gver, demonstrate a systematic variation in their af-
finity for several different model peptides.

Fig. 5 reveals variations in the Zn(II) ion-depen-
dent interaction of three different peptides with col-
umns of the immobilized (GHHPH), G (Fig. 5A),
the immobilizved (GHHPH),G (Fig. 5B), and the
immobilized (GHHPH),G (Fig. 5C). The 16-resi-
due HRG peptide (GHHPH}:G was bound most
tightly to the inmobilized 16-residue HRG peptide
{(GHHPH);G and was clearly resolved from angio-
tensin I and the 1l-residue HRG peptide
(GHHPH),G. This resolution was not observed, or
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was less well defined, in the case of chromatography
on the immobilized 6-residue peptide (GHHPH), G,
or the immobilized 1l-residue  peptide
{(GHHPH),G.

Finally, the immobilized 11-residue HRG pep-
tide—Cu(Il) column was investigated for its ability
to interact selectivity with proteins present in un-
fractionated human plasma. Fresh human plasma
was dialyzed in column equilibration buffer and
loaded onto a column of HRG peptide--Cu(il) af-
finity column. An estimated §5-90% (based on ab-
sorbance at 280 nm) of the applied plasma proteins
did not bind to the column and were eluted directly
in the flow-through fractions. The column was then
washed overnight (approx. 250 column volumes)
with equilibration buffer to remove all low-affinity
proteins, Introduction of a descending pH gradient
resulted in the elution of several plasma proteins
(Fig. 6). Subsequent introduction of 50 mAM EDTA
eluted another set of bound proteins. The composi-
tion of the proteins in each of these pools was in-
vestigated by SDS-polyacrylamide gradient gel
electrophoresis (Fig. 7). The immobilized HRG
peptide—Cu(lIl) column was able to selectivity ab-
sorb specific plasma proteins. These proteins are
different from some of the plasma proteins ad-
sorbed to other types of immobilized metal ion af-
finity columns [25,26]. The identity of the adsorbed
proieins awaits amino acid sequence and/or immu-
noblot analyses. The plasma protein adsorption se-
lectivity was metal ion-dependent; more than 98%
of the plasma proteins were recovered in the flow-
through fractions when applied to an identical col-
umn of immobilized peptide in the absence of
bound Cu(I1}ions (not shown). A detailed compari-
son of differences in plasma protein adsorption se-
lectivity by the six different types of immobilized
HRG peptide—metal ion columns (i.e., HRG 1-mer,
2-mer, 3-mer with bound Cu or Zn) presented here
is in progress.

DISCUSSION

Each of the immobilized HRG peptides evaluat-
ed in this investigation has a metal binding capacity
comparable to the commercially availabie immobi-
lized chelating groups (1IDA). The Pharmacia che-
lating Sepharose Fast Flow material consists of im-
mobilized IDA groups and has a capacity for Cu(II)
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Fig. 5. Zn(1I) ion-dependent interaction of angiotensin 1 (peak 1; V), the 11-residue HRG peptide (GHHPH), G (peak 2; <) and the
16-residue HRG peptide (GHHPH),G (peak 3; O) on columns of the immobilized 6-residue HRG peptide (GHHPH), G (A), the
immobilized 11-residue HRG peptide (GHHPH),G (B) and the immobilized 16-residuc HRG peptide (GHHPH),G (C). Separate
2.0-ml columns (2.5cm x 1 cm LD.) of the immobilized HRG peptide (GHHPH), G were loaded with Zn{II) ions and equilibrated with
20 mA{ sodium phosphate buffer (pH 7.0} containing 0.5 M NaCl, The peptides were loaded onto the immobilized (GHHPH) G—-Zn(II)
ion columns separately (50-100 ul). Unbound and loosely retained peptides were removed by washing with 22 fractions (1 ml each} of
column equilibration buffer. Bound peptides were eluted with a discontinuous pH pradient (squares) from pH 7.0 to pH 5.8) (20 mM
sodium phosphate, 0.5 Af NaCi) and from pH 5.8 to pH 3.8 (50 mM sodium phosphate, 0.5 M NaCl). Absorbance at 220 nm in each
fraction was monitored as a function of measured elution pH.
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Fig. 6. Cu(ll)-dependent interaction of human plasma proteins
with the immobilized 11-residue HRG peptide (GHHPH),G (2-
mer), A 1.8-mi column (2.3 cm x 1 cm LD.) of the immobilized
HRG metal-binding peptide (GHHPH},G was loaded with
Cu(ll) ions and equilibrated with 20 mM sodium phosphate
buffer (pH 7.0) containing 0.5 M NaCl. Human plasma was dia-
lyzed against 30 mM EDTA, 20 mM sodium phosphate (pH 7)
and then dialyzed against with 200 m M sodium phosphate, (0.5 AF
NaCl (pH 7). The dialyzed sample (0.5 ml) was applicd and the
column was washed extensively {overnight) with column equili-
bration buffer (250 column voelumes) until a stable baseline was
reached. Bound proteins were eluted with a continnous pH gra-
dient from pH 7—4. Finally, the column was washed with 50 mAf
EDTA, 20 mM sodium phosphate (pH 7.0). Fractions of | ml
each were collected for measurement of absorbance (280 nm)
and pH.

and Zn(IT) ions which is approximately 30 gmol/ml
of gel. The Pharmacia chelating Superose FPLC
matrix (IDA) has a metal binding capacity which is
reportedly between 20 and 30 gmol metal ion/ml
gel. The TSK chelate-5PW high-performance metal
chelate (IDA) column (ToyoSoda, Japan) has a
Cu(II) binding capacity of 23 umol/ml of gel. Other
types of immobilized chelating groups described in
the literature bind transition metal ions with a ca-
pacity near that described here for the immobilized
HRG peptides. For example, the TED-agarose col-
umn described by Porath and Olin [26] was report-
ed to have a metal binding capacity of 47 umol/ml
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Fig. 7. SDS—polyacrylamide gel electrophoresis of eluted plasma
proteins from the immobihzed HRG peptide—Cu(11) affinity col-
umn. Peak fractions (5-30 yul) were boiled in SDS solubilization
buffer with reducing agent, separated on an 8-12% acrylamide
gradient SDS gel, and silver stained. Lanes: 1T = molecular mass
markers (kDa = kilodalton); 2 = unretained (flow-through)
fraction of plasma protein; 3 = trailing ¢nd of unretained peak:
4 = pH gradicent eluted peak; 5 = EDTA peak.

of gel. The TED-agarose metal affinity gels syn-
thesized in our laboratory have a somewhat higher
capacity, approximately 50 to 63 umol/ml of gel.
Despite the difference in the number of histidyl
residues in the three different immobilized HRG
peptides (1-3 internally homologous repeat units),
they were nearly indistinguishable in their capacity
to bind a given metal ion. Further, the immobilized
HRG 1-mer, 2-mer, and 3-mer columns were equiv-
alent in their binding capacity for Cu(Il) ions (Fig.
1) and Zn(II) ions (Fig. 4). Although the binding
capacity and sequence homology of the three differ-
ent immobilized HRG peptides were similar, the
immobilized peptides displayed differences in both
selectivity and affinity for other peptides. Further,
the immobilized HRG peptide-Cu(lI} ions were
found to be a “*stronger” interacting affinity ligand
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than the equivalent Zn{II) adduct. For example, an-
giolensin I was retained on each of the HRG pep-
tide—Cu(II) columns but not on the immobilized
HRG peptide-Zn(IT) columns. This result is consis-
tent with the behavior of peptides and proteins on
other immobilized metal ion affinity columns (e.g.,
IDA and TED).

The selective interaction of model peptides with
immobilized HRG peptide—Cu(II) affinity columns
was similar to that observed for immobilized imino-
diacetate—Cu(II) ions. For example, the elution or-
der (1) bovine gastric inhibitory peptide (1 His/42
residues), (2) angiotensin IT (1 His/8 residues), (3)
HRG 1-mer (3 His/6 residues), (4) angiotensin I (2
His/10 residues), (5) parathyroid hormone 1-34 (3
His/34 residues), (6) human gastric inhibitory pep-
tide (2 His/42 residues) and (7) HRG 2-mer (6
His/11 residues) is generally similar to that obser-
ved for these peptides from immobilized
IDA-—Cu(ll) 10ns, except for the stronger retention
of bovine gastric inhibitory peptide by immobilized
IDA-Cw(II) ions [30].

It should be noted that the immobilized HRG
peptide columns loaded with Cu(TT) were stable to
elution with up to 100 mM imidazole. The affinity
elution of peptides and proteins from these columns
with imidazole is under further investigation. How-
ever, even 100 mM imidazole could not elute the
tightly bound plasma protein from the immobilized
2-mer—Cu(II) column (data not shown).

The immobilized HRG peptide affinity for Zn(II)
ions was significantly less than that of Cu(lI) iens.
However, the ®3Zn(Il) ions were not transferred
from the immobilized HRG peptide to any of the
model peptides that were added to the column and
eluted in the flow-through fraction. ®°Zn(II) ions
were, however, released when the column pH levels
were reduced below pH 6.

The selectivity of the immobilized HRG peptide—
Cu(Il) ion affinity column for proteins in a complex
biological fluid such as plasma was quite different
from that observed for the immobilized synthetic
organic ligand-metal ion affinity column [e.g.,
TED-Zn(I1)] (unpublished data) and demonstrates
the need to investigate further the biologically rele-
vant presentation of metal ions to protein surfaces.
The use of immobilized biopolymers, especially
peptides derived from known metal transport pro-
teins, to investigate biospecific metal ion transfer
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events is under further investigation, Preliminary
data (unpublished) suggest that alternative chem-
ical methods of peptide immobilization will permit
a detailed evaluation of metal ion transfer, one im-
portant aspect of understanding metal ion bicavail-
ability. With the discovery of HRG in human colos-
trum and milk [31] and bovine milk {unpublished),
the physiological significance of metal ion transfer
from proteins like HRG is evident.

We now have the possibility of designing and
building artificial biomimetic surfaces with biolog-
ically active protein surface domain structures. We
have demonstrated here that the acitivity of these
surface immobilized peptides is effectively modulat-
ed by bound metal ions. We have now demonstrat-
cd several other models of metal ion-dependent
protein dimerization (e.g., estrogen receptor sub-
unit protein recognition of the immobilized 53-res-
idue helical dimerization domain) and metal ion-
dependent protein recognition of nucleic acids (e.g.,
estrogen response element interaction with the im-
mobilized 71-residue DNA-binding domain) (sub-
mitted).
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