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ABSTRACT

A number of studies have demonstrated that small metabolites can
react nonenzymatically with proteins to form covalent, addition pro-
ducts. An example of this type of reaction is the modification of
hemoglobin A by glucose to form the minor species hemoglobin Ajc. In
this case, glucose reacts by forming a reversible Schiff base adduct with
the N-terminal valine of the g-chain of hemoglobin. The Schiff base
intermediate then slowly undergoes an Amadori rearrangement to produce a
stable ketoamine addition product.

The following studies investigate two novel aspects of nonenzymatic
addition reactions. The first is the demonstration that ketolic
steroids, i.e. steroids bearing a carbonyl function adjacent to a
hydroxyl group, can react with protein amino groups to form stable Heyns
rearrangement products. The second is the observation that reducing
sugars can react with the nucleotides of DNA to form covalent adducts.
The steroids which react with proteins include the glucocorticoids; such
as cortisol and prednisolone, which contain side-chain ketols, and the
estrogen metabolite 16a-hydroxyestrone (16«0HE), which contains a ring
ketol. The long-term therapeutic administration of glucocorticoids is
associated with many toxic manifestations and it was reasoned that one of
these effects, cataract formation, might be the result of the progressive
accumulation of protein bound glucocorticoid adducts. 16a-hydroxyestrone
on the other hand, has been reported to be present in elevated amounts in
the autoimmune disease Systemic Lupus Erythematosus (SLE). Protein
modification by this steroid might induce immune dysfunction by either
hapten formation or by covalently modifying immunoregulatory proteins.

Both cortisol and 16«0HE react with albumin in vitro, modifing 2-3
discrete lysine residues. Structural analysis of model steroid-lysine
adducts showed that these products form through a Schiff base addition
reaction between the steroid carbonyl and the e-amino group of lysine.

The role of glucocorticoid-protein adducts in cataract formation was
investigated first in two experimental models of the steroid-induced
cataract. The addition of the glucocorticoid, prednisolone, to the rat



lens in culture resulted in a time and concentration dependent Tlens
opacification that correlated with the incorporation of [3H]prednisolone
into lens protein. The most extensively modified proteins were two
subunits of the lens crystallins, the major structural component of the
lens. In the rabbit, lens opacities similar in morpohology to human
steroid-induced cataracts were induced by the intravitreal injection of
glucocorticoids. These lesions also were associated with steroid
incorporation into lens protein.

In order to detect glucocorticoid adducts formed in vivo, a
radioimmunoassay was developed for these products utilizing antisera
produced against prednisolone which had been nonenzymatically attached to
albumin. Lens proteins from 33 normal and cataractous human lenses were
fractionated and assayed for prednisolone adducts by competitive radio-
immunoassay. Steroid adducts were detected only in lens proteins
obtained from the steroid cataracts, and at levels similar to those
observed in the rat and rabbit experimental models. )

In vitro, prednisolone attaches to the amino groups of the Tlens
crystallins. This modification imparts on the crystallins an increased
susceptibility to sulfhydryl oxidation, leading with time to disulfide
bond exchange and the formation of high-molecular weight aggregates which
refract light. This effect was blocked by the pretreatment of lens
crystallins with the mild acetylating agent, acetylsalicylic acid.
Acetylation itself did not induce aggregation, but did prevent
prednisolone incorporation and the subsequent formation of high-molecular
weight aggregates.

The estrogen metabolite, 16a0HE, reacts in vitro with a number of
proteins, including albumin, hemoglobin, and erythrocyte membrane
proteins. When added to whole blood however, 16a0HE reacts preferentially
with membrane proteins; for example, erythrocyte membrane proteins are
labeled to a greater than 15 fold higher specific activity than albumin. A
radioimmunoassay for the 16a0HE-lysine product was developed and a number
of proteins from both normal and SLE individuals were assayed for the
presence of these adducts . Women with SLE were found to have higher than
normal levels of 16a0HE modified proteins in erythrocyte and lymphocyte
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membranes. In the case of the erythrocyte there was a correlation
between the protein 16a0HE-lysine level and the circulating level of free
1640HE. Glomerular basement membrane collagen also was analyzed and
found to contain high amounts of 16a0HE-lysine. It appears that the
lTevel of 16a0HE modification of a given protein is proportional to its
biological lifespan and that, in relative terms, this level of modifi-
cation is increased in SLE patients. This is consistent with the idea
that 16q0HE adducts accumulate over a long time period, and that the
degree of protein modification is a time integral of the free 16a0HE
Tevel.

The increased level of 16a0HE-protein adducts in patients with an
autoimmune disease led to the possibility that these products might be
antigenic in some individuals. An enzyme-linked immunoassay for anti-
estrogen autoantibodies was developed and used to screen human plasma.
Unexpectedly, a number of normal, disease-free women were found to
display this anti-estrogen activity. On further analysis, it was found
that approximately 30% of normal women who had ever used oral contra-
ceptive medication had sera which gave positive results on this assay.
Oral contraceptives contain the synthetic estrogen 17a-ethinylestradiol,
and this derivative has been observed previously to undergo enzymatic
conversion to products which react with proteins to form covalently bound
ligands. Presumably, in some women, these protein-bound estrogens are
antigenic and induce antibody formation. On the other hand, a few male
and female patients with SLE displayed this anti-estrogen antibody
activity without ever having been on oral contraceptives. This anti-
estrogen activity may represent an antibody formed to the endogenous
16a0HE-Tysine adduct or alternatively, an autoantibody elicited in
response to another cross-reactive antigen. The role of these anti-
estrogen antibodies in the pathological sequelae of long-term contra-
ceptive use or SLE is worthy of further investigation.

The second aspect of nonenzymatic reactions which were investigated
was the nonenzymatic modification of DNA by reducing sugars. In the case
of proteins, glucose derived Amadori products undergo further rearrange-
ments, oxidations, and dehydrations to form fluorescent, cross-linking
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chromophores. This process, called nonenzymatic browning or the Maillard
reaction occurs in vivo. Long-lived structural proteins, such as
collagen and the lens crystallins, accumulate enough of these products
that they acquire many of the chemical properties characteristic of aged
proteins. Nucleic acids also are long-lived molecules in the resting
cell, and the accumulation of glucose-derived DNA adducts with time would
be expected to adversely affect DNA function.

The incubation of DNA or nucleotides with glucose-6-phosphate (G6P)
produced spectral changes similar to those described for the nonenzymatic
browning of proteins. The occurence of chemical modification was
verified by measuring the transfection efficiency of viral DNA after
incubation with glucose or G6P. A Tloss of transfection potential
occurred that was first order with respect to time and sugar concen-
tration. Glucose-6-phosphate also produced DNA strand scission in a time
and concentration manner, but at a rate which was significantly slower
than the rate of transfection inhibition. It appears that reducing
sugars form adducts with the primary amino groups of nucleotides which
inhibit template function. With time, these adducts undergo chemical
rearrangement which labilizes the glycosidic bond between the base and
the deoxyribose, causing depurination and DNA strand-scission.

Plasmid DNA modified by incubation with G6P was mutagenized when
assayed in a prokaryotic host. Structural analysis of these mutants
showed that many of the plasmids had undergone gross DNA alterations,
including insertions and deletions of several hundred base-pairs. The
ability of an endogenous sugar to induce such extensive DNA rearrange-
ments suggests that nonenzymatic reactions of this type may represent an
important source of cellular mutations. The acumulation of glucose-
derived DNA adducts with time might be a mechanism for the decreased
genetic viability and increased tumorigenesis observed in the aged
organism.
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1. INTRODUCTION.



Within the last ten years, it has become apparent that a number of
endogenous, low-molecular weight substrates can react nonenzymatically
with macromolecules to form covalent addition products. These reactions
are slow and since the rate is first order with respect to the reactive
substrate, the Tlevel of modification depends only on the substrate
concentration and the biological half-life of the affected macromolecule.
Table 1 lists molecules which have been shown to react nonenzymatically.
They include metabolites, such as cyanate, glucose, and acetaldehyde and
enzyme cofactors such as acetyl-CoA and S-adenosyl-methionine. The first
class of compounds contain carbonyl groups which form addition products
with the primary amino groups of proteins. The second class of reactive
substrates are enzymatic cofactors which serve to transfer an activated
acetyl or methyl group. At a very low frequency however, these groups
can add directly to an amino acid or nucleotide residue without the aid
of an enzyme.

The first metabolite shown to react nonenzymatically with proteins
was cyanate. In 1960, Stark, Stein, and Moore (1) observed that cyanate,
which exists in equilibrium with urea, readily combined with and
inactivated ribonuclease. Interest in carbamylation reactions increased
in the early 1970's when Cerami and Manning (2) provided the rationale
for the purported anti-sickling activity of urea. At that time, the
administration of high concentrations of urea was reported to alleviate
the crisis phase of sickle-cell anemia. Cerami and Manning found that
sodium cyanate could specifically carbamylate the N-terminal valine of
hemoglobin § and prevent red cell sickling. Carbamylated proteins have
been detected in states associated with high blood urea, such as renal

failure and chronic diarrhea (3-4). Attempts have been made recently to



Nonenzymatic Addition Reactions

Endogenous Substrates Target Molecules  Reactive Residues
Cyanate @N=C=0 Protein 2-0mifg acids,
lysine
HC=0 -ami i
Glucose, s Protein @ omll;\somc:?mds,
reducing sugars é DNA A.G.C
h n ; a-qnﬂno odgs
Acetaldehyde CHaCH Protein lysine, tyrosine
Acetyl- 0 Protein lysine
coenzyme A CoA-S-C-CH3
CHs
S-adenosy!- adenosine - S @ Protein glutamate, aspartate
methionine DNA AG

COOH
HoN

Table 1. Summary of nonenzymatic addition reactions.



link protein carbamylation with some of the pathological consequences of
high urea levels. For example, since the oral administration of cyanate
was found to lead to cataract formation (5); Harding has postulated that
the high incidence of cataracts in the developing world might be
attributed to chronic diarrhea and the progressive carbamylation of lens
proteins (6).

The nonenzymatic reaction which has been studied the most
extensively is the reaction between glucose, a reducing sugar, and
protein amino groups. Interest in nonenzymatic glycosylation in vivo
began with the observation by Rahbar (7) in 1968 that diabetic patients
had elevated amounts of an electrophoretically "fast-moving" hemoglobin.
Subsequent work in several laboratories led to the identification of
hemoglobin Aj. as a modified hemoglobin formed post-translationally by
the attachment of glucose to the N-terminal valine of the beta-chain
(8-10). The mechanism for this reaction is outlined in Figure 1. A
reversible Schiff base adduct is formed between the C-1 aldehyde and the
e-amino group of valine. The condensation product, an aldosylamine, then
undergoes an Amadori rearrangement to form a 1-deoxyfructosyl adduct.
The demonstration by Koenig and colleagues (11) that the amount of
hemoglobin Aj. reflected the integrated blood glcose over a three to four
week period spurred the use of this measurement as a clinical tool in
diabetes mellitus (12). Furthermore, the observation that many of the
sequelae of this disease occur in tissues that do not require insulin for
glucose transport led to the hypothesis that increased protein glyco-
sylation might account for many of the complications in diabetes. A
number of proteins have been shown subsequently to be more glycosylated

in the diabetic individual. These include albumin (13), myelin (14),
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Figure 1. The Amadori rearrangement between glucose and the

N-terminal valine of the B-chain of hemoglobin.



tubulin (15), lens crystallins (16), collagen (17), and erythrocyte
membrane proteins (18).

Perhaps the most biologically significant aspects of nonenzymatic
glycosylation however, may be attributed to an observation made over 70
years ago by the French chemist Louis Maillard (19). He described a
chemical process, known today as nonenzymatic browning or the Maillard
reaction, which is initiated by the addition of reducing sugars to amino
groups. With time, Amadori and other Schiff base rearrangement products
undergo a series of dehydrations, oxidations, and cyclizations to form
yellow-brown, fluorescent compounds which contain unsaturated rings and
nitrogen heterocycles. When the amino groups of proteins are involved,
protein-bound, cross-linking pigments form. Products with the same
spectral and fluorescent properties as those of late-stage Maillard
products are associated in vivo with long-lived structural proteins, such
as collagen and the lens-crystallins (20, 21). In the course of normal
aging, long-lived proteins become more fluorescent (22), more
crosslinked, and less soluble (23). In the diabetic individual these
protein changes are accelerated, as are a number of age-dependant,
physiological effects. These include atherosclerosis (24), stiffening of
the lungs (25), and the large arteries (26), thickening of the capillary
and glomerular basement membranes (27, 28), and periarticular rigidity
(29). Acceleration of these age-related complications in the diabetic
patients implicates the role of glucose and Maillard products in this
form of protein aging.

The third metabolite listed in Table 1 1is acetaldehyde. The
observation that non-diabetic, chronic alcohol abusers had elevated

levels of minor hemoglobins led to the demonstration that acetaldehyde



(the oxidation product of ethanol) can form stable addition products with
proteins (30). Chemically, these studies proved interesting because
tyrosine, a residue which cannot participate in Schiff base formation,
was found to be readily modified. Acetaldehyde may be reacting with
tyrosine by forming an intermediate, electrophilic immonium cation.
These studies led to the hypothesis that protein modification by
acetaldehyde may contribute to some of the pathological sequelae of
chronic alcoholism, such as peripheral neuropathy and an increased
susceptibility to infection, which occur in diabetes as well.

The nonenzymatic reactions of acetyl-CoA and S-adenosyl methionine
have been studied by Paik and co-workers (31-32). Although these
reactions were readily demonstrable in vitro, their contribution to the
numerous acetylation and methylation reactions which occur in vivo is
difficult to assess. Of substantial interest is the recent observation
by Rydberg and Lindahl (33) that S-adenosyl-methionine can
nonenzymatically methylate nucleotide residues. Since the products of
these reactions are potentially mutagenic, even a very low frequency of

nonenzymatic methylation could have a profound biological effect.

For my thesis studies, I have investigated two novel aspects of
nonenzymatic addition reactions. The first aspect (Chapters 2-4) pursues
the hypothesis that certain ketolic steroids, that is steroids bearing an
unhindered hydroxylcarbonyl function, can form covalent addition products
with the primary amino groups of proteins. These steroids include
16a-hydroxyestrone and the glucocorticoids, exemplified in Figure 2 by
cortisol. These steroids were selected for study because elevated levels

of these molecules are associated with clinical syndromes. The first,
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16a-hydroxyestrone, is the product of the hydroxylation of estrone and is
an intermediate in the formation of estriol. Both men and women with the
autoimmune disease, systemic lupus erythematosus, have been observed to
have an increased rate of 16-hydroxylation (34) and an increased urinary
level of 16a-hydroxyestrone (35). The second steroid, cortisol, is a
glucocorticoid and the long-term, therpeutic administration of these
steroids produces a variety of toxic effects (36). The formation of
cataracts for example, is observed in nearly all patients with rheumatoid
arthritis who receive 20 mg of prednisone per day for four years (37).
It could be reasoned that Tens proteins might be susceptible to
nonenzymatic modification by glucocorticoids, in analogy to glucose and
cyanate which react with the lysine residues in lens crystallins and
facilitate the formation of high-molecular weight, refractile aggregates.

The studies to be described were undertaken with the goal of
demonstrating that the diverse pathological sequelae of autoimmunity or
drug toxicity might be attributed to a common mechanism, i.e. protein
modification. In the next chapter, model reactions between albumin and
these two steroids are described. Chapter 3 presents in vitro and in
vivo studies 1inking glucocorticoid-lens protein adducts with
steroid-induced cataracts. Chapter 4 describes the reaction of
16a-hydroxyestrone with membrane proteins and the detection of these
addition products in patients with systemic lupus erythematosus. Studies
on the occurence of anti-estrogen antibodies are also presented.

The second aspect of nonenzymatic reactions which I have
investigated are in vitro studies demonstrating the nonenzymatic
modification of DNA by reducing sugars. Evidence for the occurence of

protein-bound Maillard products on long-lived structural proteins led to
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the hypothesis that similar products may accumulate on nucleic acids.
Since nucleic acids are also long-lived molecules in the resting cell,
the accumulation of glucose-derived DNA adducts may lead to abnormalities
in DNA function. Many current theories of aging emphasize the concept
that the functional decrements characteristic of cellular senescence are
due to the progressive accumulation of unrepaired genetic lesions. (121,
122). The long-term modification of DNA by reducing sugars could be a
mechanism for the decreased genetic viability and increased tumorigenesis
observed in the aged organism. Chapter 5 describes experiments
demonstrating that DNA and nucleotides can react with reducing sugars in
vitro to form fluorescent Maillard products. In a model prokaryotic
system, DNA molecules are inactivated and mutagenized by incubation with

a reducing sugar.
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Nonenzymatic Reactions of 16a-Hydroxyestrone and Cortisol

with Proteins In Vitro.

11.
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A. Model studies of the nonenzymatic modification of albumin.

The ability of two ketolic steroids, 16a-hydroxyestrone and
cortisol, to form covalent adducts with human serum albumin was
investigated. We hypothesized that the presence of the carbonyl moiety
would permit these steroids to form freely reversible Schiff base
intermediates with the amino groups of proteins. The adjacent hydroxyl
group then would allow a Heyns rearrangement (38) to occur, resulting in
a stable ketoamine adduct with the protein. Figure 3 shows this proposed
reaction scheme for the estrogen metabolite 16a-hydroxyestrone. In this
case, the Schiff base would form at the C-17 carbonyl and a rearrangement
involving the C-16 hydroxyl could occur through the D-ring of the
steroid. In the case of the glucocorticoid cortisol (Fig. 4), the
reaction would be analogous to the reaction of a ketose with protein
amino groups in that the Schiff base and subsequent Heyns rearrangement
would occur at the C-17 dihydroxyacetone side chain. The following
chapter describes model studies of the reaction between

16a-[6,7-3H]hydroxyestrone and [1,2-3H]cortisol and human serum albumin.

Methods

Reagents. 16a—[6,7-3H]Hydroxyestrone (50 Ci/mmol; 1 Ci = 3.7 x 1010
bequerels) was synthesized by the procedure of S. Ikegawa and J. Fishman
(39). This material was stored in toluene/ethanol, 9:1 (v/v) at -80°.
[2,4,6,7-3H]Estrone (80 Ci/mmol) and [1,2-3H]cortisol (47 Ci/mmol) were
obtained from Amersham and stored at -80°. Radiochemical purity was
monitored by HPLC as described below. The steroids were acetylated prior

to chromatography by incubating with pyridine containing 10% (v/v) acetic
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anhydride.
Human serum albumin (not defatted) was purchased from Sigma and used
without further purification.

Albumin/Steroid Incubations. One hundred and thirty picomoles of

either 16a-[3H]hydroxyestrone, [3Hlestrone, or [3H]cortisol was placed
into microfuge tubes and evaporated under nitrogen. The steroids were
dissolved in 60 ul ethanol, followed by the addition of 0.54 ml1 of 50 mM
potassium phosphate buffer, pH 7.4/10% (v/v) ethanol. The final
incubation mixture contained 0.13 uM steroid and 40 mg of albumin per
ml. For experiments requiring reducing conditions, the mixtures
contained in addition 15 umol of sodium cyanborohydride (NaCNBH3;
Sigma)(40). At time zero, the mixtures were transferred from 0° to a 37°
water bath. At indicated times, 0.1 ml aliquots were removed, placed
inside dialysis tubing (M, cutoff, 12,000-14,000) and dialyzed for 24 hr
against 2 liters of 50 mM potassium phosphate, pH 7.4/10% ethanol. The
remaining unreacted steroid was removed by chromatography over a column
(1 x 29 cm) of Sephadex G-100 (Pharmacia), which was equilibrated with 50
mM potassium phosphate buffer, pH 7.4/10% ethanol. The flow rate was 3
ml/hr, and the protein eluate was monitored by absorbance at 280 nm with
a Uvicord II (LKB Instruments). Fractions (0.5 m1) were collected, added
to 6.0 ml of Hydrofluor (National Diagnostics, Sommerville, N.J.), and
the amount of radioactivity was determined with a Packard Tricarb
scintillation counter.

Albumin Acetylation. A 200 mM solution of acetylsalicylic acid

(Malinckrodt) was prepared in 1 ml of 50 mM potassium phosphate (pH 7.4)
and the pH was adjusted to 7.4 with 15-20 il of 45% (w/v) potassium

hydroxide. A portion (0.1 ml) of this solution then was added to 0.1 ml
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of a human serum albumin solution (100 mg/ml1) dissolved in 50 mM
potassium phosphate, pH 7.4/10% ethanol and incubated at 37°. At the end
of 10 hr this material was dialyzed against 2 liters of 50 mM potassium
phosphate, pH 7.4/10% ethanol to remove unreacted acetylsalicylic acid.
A control incubation containing no acetylsalicylic acid was also
performed. The acetylated and control albumins (2.5 mg each) were then
incubated for 42 hr with 18 umol of the 3H-labeled steroid in a volume of
62 ul and assayed for binding as described above. The experiment that
measured reducible bonds contained in addition, 1 umol of NaCNBH3.

Adduct Characterization. Albumin which had been treated with 16a-

[3H]nydroxyestrone in the presence of NaCNBH3 for 48 hr was dialyzed
against 50 mM potassium phosphate, pH 7.4/10% ethanol to remove free
steroid. The protein (4 mg) was subjected to acid hydrolysis by adding 2
ml of 6M HCL in a tube that was sealed and evacuated and incubating the
mixture at 1100 for 8 hr (41). At the end of this time, the acid was
evaporated under nitrogen. The hydrolysate was acetylated for HPLC
analysis by dissolving the residue in 1 ml of pyridine (distilled under
N> and stored over NaOH pellets) and adding 0.1 ml of acetic anhydride.
After an incubation at 800 for 30 min, the solvent was evaporated under
nitrogen. This material was dissolved in 0.4 ml of 5 mM sodium
phosphate, pH 7.4/50% methanol and subjected to HPLC analysis.

A 16a-[3H]hydroxyestrone-1ysine adduct was prepared as a standard.
A 50 ul solution of 50 mM N-a-t-butoxycarbonyl lysine (Vega Biochemicals,
Tucson AZ.) dissolved in either 100 mM sodium phosphate, pH 7.4/10%
ethanol or in 100 methanol, was incubated with 0.8 um 16a-[3H]hydroxy-
estrone and 20 mM NaCNBH3 for 6 days at 379. Aliquots (2 or 3 ul) were

removed at intervals. The aqueous solutions were diluted 1:5 and
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extracted 3 times with 3 volumes of ether to remove the unreacted
steroid. After drying the sample under nitrogen, the a-blocking group

was removed by incubation with either 50 u1 of 4 M HCL or 50 ul of a
solution of 50% trifluoroacetic acid in methylene chloride for 20 min

at 259 (42). The acid was evaporated under nitrogen, and the products
were acetylated by incubating for 30 min at 80° in 0.1 ml of dry
distilled pyridine containing 10% acetic anhydride. This solution was
then evaporated under nitrogen, and the residue was dissolved in 0.4ml of
5mM sodium phosphate, pH 7.4/50% methanol. The identity of the standard
was validated by its predicted chromatographic behavior after removal of
the blocking group and by the increased retention time observed when the
standard was run in a solvent system containing 14 acetic acid instead of
neutral buffer.

HPLC analysis. A1l HPLC studies were performed on a reverse-phase

Waters Associates Cyg uBondapak column in a Hewlett-Packard 1084B liquid
chromatograph interfaced with a Flo-One radioactive flow detector
(Radiomatic Instruments and Chemical, Tampa, FL). Sample (30-60 ul) was
injected into a mobile phase of 10 mM sodium phosphate, pH 7.4/50%
methanol, which increased linearly to 100% methanol from O to 55 min.
The flow rate was 1 ml/min. The column eluate was mixed with
scintillation fluor (Flo-Scint II), Radiomatic, Tampa, FL) which flowed
at a rate of 3 ml/min. The Flo-One microprocessor integrated the amount
of radioactivity eluted.

Peptide Mapping. Tryptic peptides were prepared from albumin which

had been extensively modified by incubation for 8 days with 3.45 mM
steroid supplemented with either 1.26x100cpm of [3H]16a-hydroxyestrone or

9.00x106 cpm of [3H]cortisol. The reduced incubation contained 20 mM
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NaCNBH3. After extensive dialysis the modified proteins were purified by
gel filtration chromatography as described above. The specific activity
of incorporation was 6.9x103cpm/mg for T16a-hydroxyestrone-HSA,
16.9x103cpm/mg for 16a-hydroxyestrone-HSA  (NaCNBH3  reduced),
36.0x103cpm/mg for cortisol-HSA, and 75.2x10%cpm/mg for cortisol-HSA
(NaCNBH3 reduced). The proteins were lyophilized and redisolved in 10 ml
of a solution of 6M Gn-HCL and 1 M Tris-HCL, pH 8.8. Disulfide bonds
were reduced by adding 25 mg of dithiothreitol and incubating at room
temperature for 4 hours under nitrogen. Reduced proteins were then
aminoethylated (43) as follows. A 680 mg/ml of N-(B-Iodoethyl)tri-
flouroacetamide (Aminoethy1-8, Pierce Chemical Co. Rockford, I1.) was
prepared in methanol and 0.56 ml added to the protein solution. This was
incubated at 500 for 1 hour, after which another 0.50 m1 of Aminoethyl-8
was added and incubation continued for an additional 3 hours. The
reaction was terminated by the addition of 0.75 ml of 2 N acetic acid and
dialyzed against several changes of 2 liters of 5 mM acetic acid.

After lyophilization, the aminoethylated proteins were redisolved in
2 ml of 0.5 NHgCO3 (pH 8.8) and enzymatically hydrolyzed by the addition
of 0.27 ml of a 180 U/ml solution (prepa<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>