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Atomic structure and chemistry of human

serum albumin
Xiao Min He & Daniel C. Carter’

The Space Science Laboratory, ES76 Biophysics, Marshall Space Flight Center, Huntsville, Alabama 35812, USA

The three-dimensional structure of human serum albumin has been determined crystallographically
to a resolution of 2.8 A. It comprises three homologous domains that assemble to form a heart-shaped
molecule. Each domain is a product of two subdomains that possess common structural motifs. The
principal regions of ligand binding to human serum albumin are located in hydrophobic cavities in
subdomains IIA and IlIA, which exhibit similar chemistry. The structure explains numerous physical
phenomena and should provide insight into future pharmacokinetic and genetically engineered

therapeutic applications of serum albumin.

THE serum albumins belong to a multigene family of proteins
that includes a-fetoprotein (AFP) and human group-specific
component (Gc) or vitamin D-binding protein. They are rela-
tively large multi-domain proteins which, as the major soluble
protein constituents of the circulatory system, have many physio-
logical functions. The albumins contribute significantly to col-
loid osmotic blood pressure and aid in the transport, distribution
and metabolism of many endogenous and exogenous ligands.
These ligands represent a spectrum of chemically diverse
molecules, including fatty acids, amino acids (notably tryp-
tophan and cysteine), steroids, metals such as calcium, copper
and zinc, and numerous pharmaceuticals. They are implicated

*To whom correspondence should be addressed.
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in the facilitated transfer of many ligands across organ-circula-
tory interfaces such as in the liver, intestine, kidney and brain!,
and evidence suggests the existence of an albumin cell surface
receptor”. In addition to blood plasma, serum albumins are also
found in tissues and bodily secretions throughout the body; the
extravascular protein comprises 60% of the total albumin. Unlike
AFP or Ge, albumins are not glycosylated and play no role in
immunosuppression. Human serum albumin (HSA), a protein
of M, 65K, consists of 585 amino acids. Its amino-acid sequence
contains a total of 17 disulphide bridges, one free thiol (Cys 34},
and a single tryptophan (Trp 214). The disulphides are posi-
tioned in a repeating series of nine loop-link-loop structures
centred around eight sequential Cys-Cys pairs. A total of 61%
of the amino-acid sequences are conserved among the known

209

© 1992 Nature Publishing Group



ARTICLES

sequences of bovine’, rat* and human serum albumins®. More
recently, several additional sequences have been determined
including sheep®, frog’, salmon®, mouse®, pig'® and sea lam-
prey''. Sequences are also known for a-AFP'*"**, and Gc pro-
teins'>!” of human, rat and mouse origin. Most of these proteins
share high sequence homology and all of them share the charac-
teristic repeating series of disulphide bridges. All members of
the albumin multigene family for which sequences have been
determined have internal sequence homology (from two- to
sevenfold), suggesting the proteins evolved from a common
ancestral protein of about 190 amino acids'®. This internal
structural homology has been previously verified by low-resol-
ution crystallographic studies with HSA'>?, (For reviews see
refs 21-24.)

In this paper, we report the complete atomic model of two
crystal forms of human serum albumin as determined crystal-
lographically at 3.1 A for the wild-type HSA and 2.8 A for a
recombinant form expressed in yeast (tHSA)**. Additionally,
the characteristic binding locations and chemistry for a selection
of representative biological and pharmaceutical ligands are pres-
ented.

Structure determination

Crystals of HSA used in this study were obtained from solutions
of defatted albumin in polyethylene glycol (PEG) with an M,
of 400 at neutral pH as previously described'®. These crystals
are unusual because: (1) they grow in the rarely observed space
group P42,2; (2) they have continuous solvent channels centred
on the 2-fold axes parallel to the crystallographic c-axis which
have a cross-section of ~90 A; and (3) the crystals have a very
high solvent content of 78%. The crystals are weak scatterers of
X-rays and although selected crystals may show diffraction to
d-spacings less than 3.0 A, crystallization and X-ray diffraction
experiments indicate a useful limit of 3.1 A. Crystals of recom-
binant human serum albumin (rHSA) were obtained from sol-
utions of PEG at neutral pH, belong to the space group P2,,
and diffract X-rays to d-spacings of <2.4 A. The structures of
HSA and rHSA were determined by isomorphous and molecular
replacement methods, respectively, as outlined in Table 1 and
Fig. 1.

Molecular configuration

The topology of HSA is created by a repeating series of six
helical subdomains®. Consequently, the serum albumin multi-
gene family represents, taxonomically, a distinct structural class
of proteins. These six subdomains assemble to form a heart-
shaped molecule identical in size and shape to the low-resolution
electron micrographs of the 39% homologous human and bovine
a-AFP? (Fig. 2). The shape is markedly asymmetric, and can
be approximated to a solid equilateral triangle with sides of
~80 A and average depth of ~30 A. Consistent with the internal
amino-acid sequence homology, there are three structurally
homologous domains that repeat in the molecule (denoted I, II
and IIT). Each domain is formed by two smaller subdomains,
A and B, as previously described at low resolution'®®.
Altogether, roughly 67% of HSA is helical, with the remainder
in turns and extended polypeptide. There are 10 principal helices
in each domain (h1-h10) (Fig. 3a). The topology of a typical
domain is further illustrated in Fig. 3b. Subdomain A and B
share a common motif that includes h1, h2, h3 and h4 for
subdomain A, and h7, h8, h9 and h10 for subdomain B. One
exception is that the disulphide bridge connecting hl and h3
does not exist in subdomain IA. The r.m.s. distances between
the corresponding a-carbons of the common motifs of sub-
domains A and B were determined by least-squares fitting to be
2.47 A, 2.53 A and 2.60 A (57 atom pairs) for domains I, Il and
II1, respectively. In addition to this common motif, subdomain
A is supplemented by two additional short antiparallel helices,
hS and h6, which are tied together by a pair of disulphide bridges
forming a smaller disulphide double loop (loops 2, 5 and 8,
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described in Fig. 3). Together, these additions form a virtually
continuous helical globin-like fold for the A subdomains which
is extensively crosslinked by a total of four interhelical disul-
phide bridges. The B subdomains supplement the helical motif
with an N-terminal portion of extended polypeptide, which
creates a folding topology closely resembling a simple up-down
helical bundle. The intradomain connections between sub-
domains TA-IB, IIA-TIB and IITA-IIIB consist of extended
polypeptide from residues Lys 106 to Glu119, Glu292 to
Val 315, and Glu 492 to Ala 511 in domains I, IT and I1II, respec-
tively. In contrast, the interdomain connections represent a
helical continuation from the C-terminal portion of IB and IIB
helices to the N-terminal helices of ITA and IITA (helices:
h10(I)-h1(IT) and h10(IT)-h1(II1)), respectively. In the case of
the IB-IIA connection this results in the largest helix in the
structure (h10(I)-h1(II)) which contains 31 residues.

The disulphide pairings in the primary structure of HSA occur
as predicted by Brown®. In the three-dimensional structure, the
17 cystines form disulphide linkages which occur primarily
between «a-helices, often distorting the local helical conforma-
tion. It is notable that the occurrence of interhelical disulphides
has been rarely observed in protein structure based on a cursory
survey of the Brookhaven Protein Data Bank. As predicted by
Raman spectroscopic studies®’, the conformations of the
thioether linkages are predominantly gauche-gauche-gauche,
and typical CB,-S,-S,-CpB, torsion angles cluster around +80
degrees.

Ligand binding

It became evident from early heavy-atom derivative screens and
from preliminary binding studies that the principal binding
regions on HSA were located in subdomains IIA and IIIA. As
aresult, the relative binding locations have now been determined
crystallographically for several ligands at low resolutions (Table
2). The binding cavity in IIIA is the most active and accom-
modating on HSA, many ligands were found to bind preferen-
tially there, for example, digitoxin, ibuprofen and tryptophan.
Aspirin and iodinated aspirin analogues show nearly equal
distributions between binding sites located in ITA and IIIA.
Warfarin occupies a single site in ITA. These observations agree
with the predicted locations based on competitive inhibition
and spectroscopic studies. Residues Trp214, Lys 199 and
Tyr 411 have been implicated in the binding process by several
studies®™ 2, and each is located strategically in the IIA or IITA
hydrophobic pockets.

For brevity, only the binding chemistry of ligand 2,3,5-
trilodobenzoic acid (TIB) is discussed in detail. TIB, as with
many small aromatic carboxylic acids, is bound more or less
equally in both IIA and IITA. Additionally, this ligand serves
to illustrate the differences and similarities of the protein-ligand
interactions between the two subdomains. In subdomain ITIA
(Fig. 4a) TIB is bound in a hydrophobic crevice in the cavity.
The aromatic ring forms hydrophobic interactions with residues
Leu 219, Phe 223, Leu 234, Leu 238, Leu 260, Ala 261, Ile 264,
Ile 290, Ala 291 and the hydrocarbon chain of Glu292. The
carboxylate group interacts with Arg 257, Arg 222 and Lys 199,
and is within ~4.0 A of His 242. The distribution of hydrophobic
and hydrophilic residues in the binding crevice is distinctly
asymmetric (Fig. 4a). In the IIIA binding pocket (Fig. 4b) the
hydrophobic portion of the aromatic ring of TIB is packed
against Pro 384, Leu 387, Ile 388, Phe 395, Leu 407, Leu 430,
Val 433, Ala 449, Leu 453 and the hydrocarbon chains of Arg 485
and Glu 450. The carboxylate interacts primarily with Arg 410,
and is within 4.0 A of the oxygen of Tyr411.

Although the chemistry of ligand binding of IIIA is analogous
to that of IIA, there are marked differences in the location of
bound ligand. In subdomain IIA, TIB is located in that part of
the cavity created by the smaller disulphide double loop (h5(II)
and h6(11)); whereas in IIIA, it is located much closer to
h1(III). When salicylic acid derivatives or other small aromatic
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TABLE 1 Heavy-atom derivatives, phasing methods and statistics

Data set Atom X Y z 0. R, R; R, N fore D

PIP 1 Pt 0.3878 0.0797 0.1498 107 0.59 0.22 0.16 6778 131 40
Pt 0.0258 0.3863 0.2275 0.37
Pt 0.2298 0.4331 0.3037 0.77
Pt 0.2940 0.0673 0.0803 0.79

2 0.53 0.17 011 3645 1.72 40

3 0.59 018 011 2641 1.66 56

Hgl, 1 Hg 0.1568 0.3595 0.0660 0.38 0.62 0.21 0.16 4565 1.25 40
Hg 0.1857 0.2778 0.0615 111
Hg 0.0873 0.3761 0.1397 0.78
Hg 0.2443 0.2172 01718 0.30

2 0.65 0.20 013 4334 1.22 4.0

3 0.73 0.18 012 1557 115 50

IS 1 | 0.0797 0.3778 0.1378 0.73 0.64 0.18 012 3876 147 40
1 0.1811 0.2695 0.0751 0.71

2 0.66 0.20 015 4043 1.08 4.0

3 0.69 0.20 0.15 4108 117 4.0

4 0.66 0.19 014 6334 1.27 4.0

5 0.68 0.18 014 6715 1.09 4.0

DIS 1 | 0.1820 0.2716 0.0720 0.77 0.67 0.20 0.14 4734 1.29 40
| 0.0819 0.3756 0.1289 0.91

TAM 1 Hg 0.0556 0.4554 0.2112 0.64 0.69 0.13 011 6334 1.27 4.0
Hg 0.2088 0.4376 0.4413 0.57

2 0.74 017 012 4277 0.52 40

3 0.73 017 0.10 6277 0.66 4.0

TIB 1 ! 0.1827 0.2727 0.0761 1.32 0.61 0.22 0186 5431 1.36 4.0
| 0.0830 0.3753 0.1248 1.37

HgCl, 1 Hg 0.0578 0.4540 0.2217 1.04 0.49 0.26 0.14 2201 1.89 6.8
Hg 0.3429 0.1026 0.3494 0.40
Hg 0.1547 0.4589 0.2035 0.49

RuCl, 1 Ru 0.0784 0.3732 0.1334 018 0.75 017 015 2490 0.47 6.0
Ru 0.1003 0.3125 0.2495 0.36
Ru 0.1916 0.2999 0.3024 0.27

K,PtClg Pt 0.1039 0.3686 01315 0.57 0.74 011 0.10 5883 0.58 40
Pt 0.1535 0.2959 0.3892 0.10

MER 1 Hg 0.2499 0.2159 0.1443 0.67 0.69 0.11 0.12 7778 091 40
Hg 0.1665 0.3367 0.3718 0.73

2 0.68 011 012 3200 0.88 4.0

The crystal structure of HSA (space group P42,2; unit cell constants: a=b =186.5(5) A, c=81.0(5) A) was phased to 4.0 A resolution using multiple isomorphous replacement
(MIR) data collected from 12 heavy-atom derivatives tabulated above. To prepare heavy-atom-HSA complexes, crystals of HSA were placed in a stabilizing solution of 45% PEG
400 (pH 6.8-7.0) which contained about 0.5 to 5 mM of the compound of interest and allowed to stand for 24 to 72 h. X-ray diffraction data were collected on a Siemens multiwire
area detector using a rotating anode source operating at 40kV and from 70 to 90 mA. Data were reduced using the Xengen program package operating on a microvVAX 102,
Diffraction data used for the isomorphous replacement studies, and initial model construction and refinement were collected from three crystals and merged to give Rperge =11.6%
based on intensity for 225,950 observations of 24,249 unique reflections (17,575 unique reflections >10 F). Native data used in the final refinement were collected from a
selected crystal grown in microgravity (STS-42), Ryerge =9.25% based on 49,113 observations of 27,096 unique reflections (21,622 unique reflections >1¢ F). These data were
used in the current refinement of HSA. Difference maps (Fpyops — Frcalc) Were calculated to identify the binding loci using phases obtained from MIR and solvent flattening as
previously described™®. Because of problems with the radiation stability of the heavy-atom complexes, several partial data sets were required to complete the data on a number
of derivatives. Each data set was refined separately: first by least-squares against the centric data, then by an iterative series of tack-of-closure refinements*? (only one set of
refined coordinates are shown in the table for each derivative). This resulted in the combination of 21 individual data sets that were selected from >>100 low-to-medium resolution
data sets collected with a multiwire area detector. These data produced a mean figure of merit=66.8 for 9,253 paired reflections greater than 5o excluding anomalous data
and 0.71 including anomalous data from eight of the derivatives. In many cases it was not possible to distinguish the individual heavy atoms in some complexes, such as TAM,
PIP; consequently, the complexes were treated as individual heavy atoms (usually with larger B-factors) in the refinement. Solvent flattening was used to improve further the MIR
phases**. From the resulting electron density, the topology of the structure could be unambiguously traced, and the positions of all 17 disulphide bridges were clearly recognizable.
At this time, a polyalanine model (including the 17 disulphides) of HSA was constructed from the electron density using computer graphics45, and refined by simulated annealing
(SA)*® to R=0.29 at 3.5 A. After an extensive series of unbiased omit maps in which 40 residues were deleted at one time, the complete amino-acid sequence, with the exception
of residues 1-3, was incorporated and refined to 3.2 A against the native data (Fig. 1a). The current crystallographic R-factor is 24.5% for 15,594 reflections from 6.0 to 3.1 A
with F> 2¢. Current r.m.s. deviations of the model from ideality are 0.028 A for bond lengths and 5.3 degrees for bond angles. Crystals of rHSA belong to the monoclinic space
group P2, with cell constants: a=589 A, b=38.3A, ¢=60.7 A and B =101.9 degrees. In contrast to the tetragonal crystal form above, these crystals have solvent contents
of ~33%. Diffraction data were collected from a single crystal and merged to give Rn..4. =8.0% based on intensity for 14,772 unique data of 51,680 observations to 2.27 A
(97% complete to 2.8 A). The atomic model of tetragonal HSA determined as above, was used to solve the structure of rHSA by the method of molecular replacement‘”. Rotation
function “®*° and translation studies™ using the program package MERLOT>* yielded single high-contrast solutions. The preliminary molecular replacement model produced an
R-factor of 44% and a correlation coefficient (cc) of 58% without refinement for 4,979 reflections with structure factors greater than 3¢ in the resolution range of 8.0 A to
4.0 A. The mode! was subjected to rigid-body refinement (in six segments) and then was refined by SA to give an R-factor of 24.5% for 11,885 reflections with £ > 10 in the
resolution range of 10.0 A-3.0 A. This model was refit in an analogous manner as described for HSA using omit maps (Fig. 1b) and subjected to further SA refinement to give
R=23.8% for 10,672 reflections from 6.0 to 2.8 A with F > 2¢. R.m.s. deviations of the model from ideality were 0.023 A for bond lengths and 4.9 degrees for bond angles.

0., Relative occupancy. D, Resolution of data in A.

R.. Centric r-factor (Cullis), T ||Fonobs * Feabs| — Frcatel/2 [Ferons £ Frobs!- PIP, Di-u-iodobis(ethylenediamine)-di-platinum(li} nitrate.
Re, Y [Fon— Fol/Y Fo. 1S, 5-lodosalicylic acid.

Ry, Kraut R-factor Y. |[Fopobs) — [Fercaicl I/ | Ferobsl- DIS, 3,5-Diiodosalicylic acid.

N, Number of unique paired reflections > 5o. TAM, Tetrakis(acetoxymercuri)methane.

five, Phasing power, (3 |Fycacl /T (| Forons] — Forcac) 212 TIB, 2,3 5-Triiodobenzoic acid.

MER, Mersalyl acid, 2-(N-(3-hydroxymercuri-2-methoxypropyi)carbanoyl)phenoxyacetic acid.
€¢, UFoFe) = (FXFIIHI(FE) — (Fo T 2I(F 2y — (F)* 12},

NATURE - VOL 358 - 16 JULY 1992 211
© 1992 Nature Publishing Group



ARTICLES

FIG.1 & Omit map produced
from the deletion of a helical
motif (residues 196-272)
from the model ( of the
structure). The difference
map is shown at 3.2 A with
a 1.8a contour level (o is
the square root of the map
variance). b, 2F,—F, elec-
tron density of the helical
region from residues 344-
3565 of rHSA at 2.8 A.

FIG. 2 Stereo view of human serum
albumin illustrating the overall
topology and secondary structure.
The positions of the 17 disulphides
and the side chain of Cys 34 are
shown in red. Structurally, HSA con-
sists of 28 helices which range in
size from 5 to 31 amino acids in
length, and can be grouped into 10
principal helices within each domain.
This figure was produced with the
program Ribbons®2.
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FIG. 3 & Ribbon diagram of domain K. Disulphides are shown in red. The 10
principal helices in each domain are labelled as h1l to h10. b, Topological
iltustration of a typical domain in HSA. The shaded areas represent the
common structural motif shared by all six subdomains. This motif is charac-
terized by a short helix (or a short stretch of helix for subdomains lIA and
lIA) followed by three consecutive antiparallel long helices tied together by
a pair of disulphide bridges. The principal portion of each subdomain is
formed by one of the six larger disulphide double loops in the amino acid
sequence, often referred to in the literature as loops 1, 3,4, 6, 7 and 9 or

FIG. 4 a Stereo view of subdomain 1A
illustrating the chemistry of ligand bind-
ing. a-Carbons are shown in green,
hydrophobic residues in yellow and
hydrophilic residues in red (see text). The
difference density (Fy—F,), (where Fy
represents the measured structure fac-
tors for the TIB complex, £, is the native
data, and the phases, «, are from the
model) for TIB is shown contoured at 40.
The N and C termini are located in the
lower and upper left-hand sides of the
figure, respectively. Lys 199 and His 242
are located at the bottom of the figure.
b, Stereo view of domain IllA illustrating
the chemistry of TIB binding. Colour
scheme and contour of electron density
are the same as in a The N and C termini
are located in the lower and upper right-
hand side of the figure, respectively.
Arg 410 and Tyr 411 are shown in red
at the upper left side of the TIB binding
site. The binding pockets are accessed
through openings of ~10 A in diameter
between helices hl and h2, Except for
three to four residues in the cavities and
those surrounding the opening, the
pockets are lined with hydrophobic
residues. For HlA, these hydrophobic
residues are Leu 203, Phe 211, Trp 214,
Ala215, Leu219, Phe 223, Leu 234,
Val 235, Leu238, Val241, Leu 260,
Ala 261, lle 264, lle 271, Leu 275 and
lle290. The principal hydrophobic
residues in IlIA are Pro 384, Leu 387,
lle 388, Phe 395, Leu407, Val415,
Val 418, Leu423, Val426, Leu 430,
Val 433, Leu453, Val 456, Leu 457,
Leu 460, Val 473 and Phe 488. These
hydrophobic residues form a focal point
around Lys 199 and His 242 in liA and
Tyr411 and Arg 410 in IItA. These
figures were produced using
TOM/FRODO®2,

Subdomain A Subdomain B

1A, 1C, 2A, 2C, 3A and 3C%. Three of these loops, 1, 4 and 7 are each
supplemented by an additional, but smailer disulphide double loop (2, 5 and
8, respectively). Consequently the combinations of loops 1 and 2, 4 and 5,
7 and 8 represent the three A subdomains (IA, IIA and IlIA) and loops 3, 6
and 9 the B subdomains (B, IIB and llIB). The two largest helices in the
structure occur at the interdomain connections (IB-1IA and 1IB-IllA) and
represent the merged C-terminal and N-terminal helices of both domains.
Thus the total number of helices is 28 rather than 30.
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TABLE 2 Ligand binding locations to HSA

Observed
Ligand D N R location
Aspirin 4.0 7362 011 HA 1A
Warfarin 5.0 2555 0.167 A
Diazepam 6.8 2075 0118 IHA
Digitoxin 50 3751 0.137 INA
Clofibrate 6.0 2175 0.138 A
Ibuprofen 6.0 2402 0.215 IHA
AZT 40 7548 0124 A
IS 4.0 6334 0.19 A A
DIS 40 4734 0.20 1A A
TIB 40 5431 0.12 A A

Ligand-HSA complexes and X-ray diffraction data were obtained in a
manner as previously described in Table 1. The observed locations refer to
the primary binding sites.

D, Resolution or d-spacing in A.

N, Number of paired unique reflections with F > 50.

Re, S\Fop — Fel/ ZFp.

AZT, 3'-Azido-3'-deoxythymidine.

IS, 5-lodosalicylic acid.

DiS, 3,5-Diiodosalicylic acid.

TIB, 2,3,5-Triiodobenzoic acid.

compounds are compared with TIB, there are differences in the
orientation of the aromatic rings and in the details of the inter-
actions of the carboxyl groups depending on the substitutions
in the aromatic rings. But in general we found that all of the
compounds listed in Table 2 were bound in the same locations
within the respective subdomains with similar chemistry.

Discussion

The structures of HSA and rHSA have been determined crystal-
lographically. The higher diffracting monoclinic rHSA crystal
is virtually identical with the tetragonal HSA structure. Recently,
crystals of the monoclinic form of comparable quality have been
produced with HSA, which indicates that the observed structural
differences may be attributed to crystal packing forces. These
crystals should provide an avenue for future high-resolution
refinement of the structure and its complexes. Subsequent dis-
cussion, however, will be limited to the crystallographic structure
of tetragonal HSA, which explains numerous phenomena
regarding the structure and chemistry of serum albumin. For
example, the crystal structure explains why ligands bound to
domain IIT affect conformational changes, as well as binding
affinities, in domain II, because the binding subdomains share
a common interface. Trp 214, conserved in mammalian
albumins, plays an important structural role in the formation
of the I1A binding site by limiting the solvent accessibility, and
it participates in an additional hydrophobic packing interaction
between the ITA and IIIA interface. Both Lys 199, which can
be acetylated by aspirin®***, and Tyr 411, which can be esterified
by p-nitrophenyl acetate®®*? are located in the primary binding
pockets close to bound ligands. It is now understandable why
proteolytic cleavage of HSA would produce two halves of the
molecule that can reassociate in solution, thereby restoring the
binding properties of the intact albumin®®. In addition, the
amino-acid sequences of serum albumin recognized by the pro-
teases, trypsin and pepsin, lie on the surface of the molecule in
flexible solvent accessible inter-subdomain connections.
Similarly, a variety of rare, naturally occurring single-site point
mutations of HSA identified by anomalous electrophoretic
migration are located on the surface of the molecule and exposed
to solvent®".

Ligand binding to albumin has been studied for over 50 years.
Generally, serum albumin has a greater affinity for small, nega-
tively charged hydrophobic molecules. In this regard it is notable
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that serum albumin is the principal carrier of fatty acids in the
blood which are otherwise insoluble. On the basis of studies
with proteolytic fragments of both human and bovine serum
albumin®®, the principal binding site for long-chain fatty-acids
has been shown to occupy the third domain. In a similar manner,
the high-affinity site for bilirubin has been isolated in domain
11*°. Thus, one can infer that the primary long-chain fatty-acid
and bilirubin-binding sites reside within [ITA and IIA, respec-
tively. Cys 34, the single free thiol of HSA, is the location of
bound cysteine and glutathione®?, and also forms complexes
with various mercurial and gold compounds, such as the anti-
arthritic auranofin®’. In the structure, Cys 34 is partially protec-
ted from the solvent, located in a turn between helices h2(I)
and h3(I). The strong binding of other metals, such as Cu(II)
and Ni(IT), occurs only in albumins with a histidine at residue
3%, Unfortunately, in both crystal structures, residues 1-3 were
not observed in the electron density, which suggests that this is
a flexible region of the molecule.

The absence of observed ligand binding by homologous sub-
domain [A can be explained by the structural differences
between this subdomain and subdomains IIA and I1JA. In TA
there is a region of extended poplypeptide after Cys 62, which
allows helix h4(I) to adjust its packing interaction with h3(I)
(which is near zero degrees in equivalent helix pairs, such as
h3(II) and h4(1I)), thereby effectively eliminating the potential
binding pocket.

Serum albumin has long been used as a model protein and
served numerous applications in both industrial processes and
academic research areas. Current advances in recombinant tech-
nologies, coupled with a more complete understanding of
albumin structure and function, should provide for a greater
abundance of future applications. Accordingly, with the wealth
of drug and ligand binding data, researchers should now be in
a position to understand and predict ligand displacement inter-
actions for a variety of endogenous and exogenous ligands. In
this regard, IS, DIS and TIB should prove to be valuable tools
in future ligand/drug displacement studies. Moreover, the struc-
ture should provide a basis for modifications of the protein to
carry therapeutic or diagnostic agents, and create smaller pro-
teins with enhanced binding activities for a variety of applica-
tions.
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A double-sided radio jet from
the compact Galactic Centre
annihilator 1E1740.7 — 2942
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RECENT observations' with the y-ray telescope SIGMA, on the
GRANAT satellite, indicated that the hard X-ray source
1E1740.7 — 2942 may be the source of the strongest outbursts of
511-keV electron—positron annihilation radiation from the Galac-
tic Centre region®. We have observed this source using the Very
Large Array, and find that its radio structure is that of a double-
sided jet emanating from a compact and variable core. The changes
in flux density and spectral index of the core are correlated with
variations in the hard X-ray output. The jets are symmetrical about
the core, and end in edge-brightened radio lobes; they are probably
a result of synchrotron emission of electrons and positrons from
the compact core. Our observation suggest that 1E1740.7 — 2942
is a ‘microquasar’ stellar remnant near the Galactic Centre, which
ejects positrons that travel more than a parsec before slowing and
annihilating in the interstellar gas.

After the first observations with SIGMA, we initiated radio
monitoring, at several wavelengths, of 1E1740.7 —2942, the
dominant hard X-ray source (>30keV) near the Galactic
Centre*. The hard X-ray spectrum in its normal state resembles
that of Cygnus X-1, one of the best candidates for an accreting
black hole of stellar mass. During 13-14 October 1990, SIGMA
detected a burst in the 300-600-keV energy range which has been

interpreted as annihilation of positrons in a hot medium of
temperature ~40 keV, this is consistent with the temperature of
the accretion disk derived from the X-ray continuum spectrum?.
Subsequently it was proposed’® that in addition this high-energy
source injects positrons into a molecular cloud where they slow
down and annihilate to produce the narrow component of the
511-keV line emission.

Our radio observations were done with the Very Large Array
(VLA) at New Mexico, USA, during 10 periods of observation
as part of a continuing monitoring programme coordinated with
hard X-ray observations from space with GRANAT. The epoch
of the VLA observations of 1E1740.7 — 2942, the array configur-
ation, and the wavelengths observed are listed in Table 1. We
have calibrated and analysed the VLA archive data of 1E1740.7 —
2942 for October 1988 and March 1989. For all observations we
have used a bandwidth of 100 MHz. The absolute amplitude
calibrator was 1328 +307 and the phase calibrator 1748 —253,
whose ‘bootstrapped’ flux densities at 20, 6 and 3.6 cm were in
the ranges of 1.13-1.17, 0.47-0.50 and 0.27-0.28 Jy, respectively.

After our first period of observation (August-September 1991)
we noted a change of a factor of four in the flux density of a
compact radio source seen projected inside the 12" error circle’
of 1E1740.7 —2942. The position of this unresolved source is:
«(1950)=17h 40min 43.01s, 8(1950)=-29°43'25.5". By
analysing source counts® in radio surveys, we estimate that the
probability is about 0.3% that a radio source with a flux density
of 0.4 mJy is an unrelated background radio source in the 12"
error circle of the X-ray source.

In Fig. 1 we compare the time variations of this radio compact
source at wavelength 6 cm with the changes observed in
1E1740.7 - 2942 by SIGMA? at hard X-ray wavelengths (1990-
92) and by HEXE on the Kvant module of the MIR station'®
(20-21 March 1989). Because no significant day-to-day vari-
ations of the radio flux were detected, multiple observations
during intervals smaller than a week were averaged and are
represented in Fig. 1 by a single point. Variations by factors of
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