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DRUG BINDING TO HUMAN AGP IN HEALTH AND DISEASE

TABLE 4

Results of reported microheterugenacus studies of AGP

b A

8; microheterogenaity not dus to differences
in sialylation, but 1o otber mechanisma

No. AGP usad and mwthod used Hesulta Raf.
1 Neuraminidase-trested AGD; Three typés, asch having ton hands: 535
sturchi-gal electrophoress, Type 1
pH 4B Slower moving wuis band and fastor maving
winor band
Type II
Faster moving main band and dowet moving
miuor band
Typa 111
Two main bands &t pathe position as main
buils of types and IJ
Native AGF; starch-gel elue- Three typar with 7, 8, and 7 bands, respectively, 585
rrophurcsis, pH 2.9 and eorregpooding to the types I, LI, and III,
respectivuly, but after nsuraminidase treat-
mant of thees thres native types
o Native ACP; gtarch-gel elec- Fuwr types with 5, 6, 7, and 8 bands, reapec- 470
tropboresis, pH 2.9 Lively, eccurring at = relative incidencs of 4,
36, 49, and 11%, reapectively, and probably
due to penetically detarmined types
m Neuraminidase-treatsd AGE,; Thrse types, ench with two bands; relative pey- 476
sturchi-gel electrophoreais, cenitagus of thesa three typus differ betwecn a
pH 5.1 while and x Japanese populution; types gr-
. uatically determined; different types due to
differcnces in polypeptide moicty
v Neuraminidase-trested AGP; Three types, each with twu bends; types inde- 534
stareh-pel alectropharesis, pendeni of etress (aftce ourpary, during preg-
pH 3 ’ nnney; and after delivery), and gunetically de-
rermined
v Neuraminidase-treatad AGP Thrae types, @ach with two bunds; types inde- 831
from plesma of patienta pendent of disaase and AGP plasma level,
with utaractomy and irra- typus geneticaily determined
distion; starch-gel electru.
phoreaiy, pH §
Vi Neauraminidase-treatad ‘Three types, éach with Lwu bands, called §8, 263
whola rarum: agarnse-gs! FE, and 'S, corresponding with types 1, IT,
elsctrophoresis, pH §, und and ITL, respecticely; types penetivully dacar-
immunofixation mined; types due to differvoues of amines ocid
compasilion of the paptide chaln resulting in
P and S bands with different elsciroplioretic
mabilitizs
vt Nativa AGP; isotlectric fo- Two types wilh a relatively anodic and cathedic 52
cusing distribution of 6 to 8 bands, reapectively:
isoeteetein points range from 2.80 to 3.30
Neuraminidase-treated AGP; Two types with one or two main banda, beth 52
isoeléetric focusing exhibiting weveral minor componants; isoalec:
trie pointa, 4.55 and 4.70, respectivaly; pat-
tarn oot corrsluled with thoss of native AGP;
microhoteropeneity due to amino acid re-
placementa of polypeptide ehain in vumbina-
tion with different linkages of sialic acid to
carbohydmte rssidues in native AGP
v Native AGP; inoclectric fo- At least seven bands with isoelactric puints be- 23
cusibg and titration curves tween 3.4 and 3.8; microheterogeneity very
slight; betweon pH 8 and 8
Neuraminidass-treated AGP; Tha sasae pattarn sa for native AGP, but with 22
iwoslectric foruning and tie isoeloctric points between 4.3 and 4.7; very
tration curves ahight misrobetarogeneity, between pH £ and
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6 KREMER, WILTING, AND IANSSEN
TABLE 4—Continusd
Nu. AGP used and method used Resultc Ref.
IX Whole plauns of depreasivs | "'hren types with 6, 7, and 8 bands, reupectively, §30
paticnts; isoslectric focus- independant of Lotal AGD level; isoolectric
ing points range from 3.2 to 3.9; types due to
genetically Astarmined varisats
X Hara of cancer patients; Distribution of thres handa changed in cancer 65
vrusgedeimmunuaflinity - discase: Jower hinding in cancer distass 1o
electrophoresin; binding ts wheat germ agglutinia possibly due to dimin-
whedt germ agglutinin ished content of sialic acida in cuter part of
carbohydrate mniety
X1 Crosred-immmunoaffinity Patturs with three bands, changing to a pavam 563
electrophuresis, influsnce with two bands with more of the concana-
of eatrugen level valin A nonreactive bands aftar increase of
sct bormuné levels (during prognaney aud
after eatrogen thorapy of pmatatic cancer)
Xn Sara of healthy paople, of - Thres bands in seruny of normal subjeets, but 427
cancer patients, and of only two bands in sarum of women during
wonen during pregnancy; pregnaney and in serurn of prostatic cancer
crossed-immunoalGnity pulienta treated willi-estrogen; increaae of
electrophnrasis faster moving bands und disuppearanca of
: concanavalic A reactive band
X1 Nurmal and influsimatory Three bunda with differences i pattern of div. 813
sera; crosscd- immunoaf- tnbution betweurn uortal and inflaxamatnry
finity electropboresis aern; incrense of chncavalin ‘A reactiva and
concapsvalin A weakly resclive bands during
intlammation
Conaanavalin A affinity Only Lwo bands, when separated by chromatay- 374
chromatoeraphy followed raphy, namely s concanavaln A nunreactive
by isvclectric focusing = hand, which wfier isoelectrofocusing had 6
bands Lelween pH 2.9 and 3.1 and 3 bands
between pH 8.1 and 3:4, and a concanavalin
A reactive band with 6 banda between pil 3.1
. : and 34 when [ollowed by isnelertric {ocusing
Coneanavalin A affinity Only two bands, when ssparatad by chromatog- 374
chromatography followed raphy: the concanavalin A nonresctive bunds
by erossed-immunoaffinicy separaced chrumatographieally sontain, when
electrophoresis : followed by cronsed-imunnaffinity electro-
phoresis, the nonresctive and the weukly
reactiva bands, whersas the A rénctive com-
ponant separated chromatographically con-
tained; after crassed-mmunoaffinity electro-
phoresis, & little weakly resctive band t00:
this band is also present in sera after crnaned.
immunoaffinity electrophoresis nlone
X AGP from tary of normals In neeplagric discase additional bands hatween BO8
and patients with neoplas- pH 3.7 and 4.4, compared with normale hav-
tic dizease; croased-iromu- ing bands between pH 3.2 and 3.8; due to
noaffinity electrophoresis diffurances in axino acid substitution snd
followed by isnelactric fo- the presence of a nun-wvalently bound
cusing chromophorni¢ graup
XV Croasad: immunoalffinity Patterns with thrse bands, but with variable 68, 83
slactrophoresis distnbution of thaa: bands; in severe discass
and pregnancy these patterns change tywards
tha leis coneanavalin A binding bsnda due to.
changes in the glycosylation of casbshydrate
moiety of AGP, depending on seventy of dis-
coge atats .
xwvi Crossed-immonoaffinity Three bands with u relative distribution of 237
slectranhoresis +.5%. 40.4%, and 16.1%, repectively, being

conerant under nonnathological conditions
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TABLE 4—Continved
- Nn. AGCP u:ad snd mevhod uned Reailtn . Ral.
xvi Crased-immunoaffinily Four banda being dilferently distributed in nor- 214, 218
electruphotenis mal bealth, in{lammatory lung diseass, And

cancer of the lung; benign sern cuntain moras
of the concanavalin A ponteactiv: bands
whirean cancer wurk contain more of tbe con-
cunavalin A reactive band; aid (b disgnosis of
sANncer

e

macological, or physical-chemical studies, although they
are mentioned briefly in a few more fundamental physi-
cal studies (35, 97, 211218, 274, 388, 507, 508). Presum-

- ghly, most tesearchers assume thui AGP is a very stshle

plasma protein. However, it should be noted that s
teoperature-dependent polymerization of AGP has been
descnibed, yielding twn kinds of pulymers differing in
their biological activity (35) and in their drug-binding
behavior (808). Halsall and Kirley (211) observed a tom.
perature-dependent denaturation of AGP which is influ-
enced by the degres of defatting and denialylation. From
these observations, it ¢an be concluded that sterilization
of AGP by heating can induce denaturation of AGP.

Halsall et al. (212) reported (a) that agerexstes of AGP
are formed as a result of lyophilization or ultrafiltration;
(b) thal the acid-charcoal defatting procedure of Chen
(109) induced polymer formation of AGP; (¢) that lyoph-
ilization, especially of defatted AGP, induced polymeri.
zation, whereas the extent of polymerization proved to
he dependent on the medium, the number of lyophyliza-
tion cycles, and the protein concentration (increasing
polymerizalion with decreasing protein concentretion).
They .suggested therefors that care must be taken with
defatted AGP and that lyophilization mnst be performed
after extensive dialysis of an aqueous solution, Halsall
et al. (212) observed further that AGP could be stored
for 1 wk at 4'C in phosphate-buffered saline solution
without the occurrence of polymerization, and that re-
peated freezing of an AGP solution and subsequent thaw-
ing did not result in polymerization. Recently, Busby
and Ingham (97) reported thet the thermal stability of
AGP (as determined with fluorescent probes) is en-
hanced by lipids, propranolol, ethanoi, and probably
other organic solvents.

These studies demonstrate that different isolation and
purification procedures result in AGP preparations with
different physical-chemical properties.

B. Molacular Weight of Alpha-1-acid Glycoprotein

The molecular weights reported for AGP (see table 3)
runge from 37,000 to 54,000. These valuas depend on the
methods of determination (53, 268), on the isolation
procedure (97, 104, 152, 180, 205, 484), on whether the
AGP is native or desialylated (e.g., as a result of neura-
minidase treatment; 53, 268), and on the arigin of the
AGP samples (from plasma, urine, or mernbranes of
normals or patients; 104, 180, 213, 215, 323).

The molecular weight generally assumed for AGP iy
40,000, which is about the meap value of the molecular
weighta reported for native AGP isolated from plasma
(repnrted values, 38,800 to 48,000; table 3). Higher mo-
lecular weights for AGP have been reported hy Schultze
et al. (484; table 8, no. 1), Baston et al. (152), Hardwick
and de Vaux St. Cyr (219), and Gahmberg and Andersson
{(180; table 3, nu. VIII). Gahmberg and Andersson (180;
table 3. no. VIII) reported, however, that' the AGP with
a molecular weight of 52,000 was a mersbrane-hound
form of AGP, synthesized by the lymphocytes, but. aub-
sequently cleaved and released as the soluble serum form
of AGP with a molecular weight of 41,000. Hardwick and
ds Vaux St. Cyr (219) and Easton et al. (152) reported
the irnlation from urine and serum of two AGP variants,
with 2 molecular weight of 40,000 and 54,000, respec-
tively. From tahle § it follows that desialylated AGP has
a mean molecular weight of about 38,000 (reported values
between 34,100 and 41,600; table 3).

Recently the amino acid seyuence of human AGP has
been inferred from tha ¢cDNA sequence using the molec-
ular cloning technigue (64). The molecular weight of the
polypeptide moiety studied can be easily calculated from
thia scquence. Board et al. (64) remarked, however, that
clones with different sequences can not yet be cxcluded.
In order to find the total moleculur weight of humar
AGP, thc molecular weight of the five glycan chains
should be added to that of the polypeptide chain.

C. Structural and Physical-Chemical Praperties of the
Pulypeptide and Carbohydrate Moiety of Alpha-1-acid
Glycoprotein

The chemical properties of AGP have been reviewed
by Jeanloz (256, 257) and Schamid (489). AGP contains
carbohydrate residues chemically bound to the protein.
Therefore it cap be catalogued nmong the groups of the
glycuproteins (279, 487, 512), the mucoproteins (512,
560), the seroglobulins (298), and the alpha-1-globulins
(265, 484).

AGP is composed of a single polypeptide chain and
five carbohydrate woieties. Recently it has been shown
that the polypeptide chain consists of 183 amino acids
(64) [in contrast to the number of 181 reported earlier
(469)) and contains two disulfide bonds (469, 471). The
compiete amino acid sequence, the multiple amino acid
substitutions (21 of the 181 residues), and the homology
with the immunoglobulins :(about 80%) have been re-




