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Conformation and Immunochemistry of Methylated and

Carboxymethylated Derivatives of Lysozymef

Ching-Li Lee and M, Z. Atassi*

ABSTRACT: Reduction of the disulfide bonds of lysozyme with
2-mercaptoethanol in 8 M urea followed by reaction with
iodoacetic acid or with methyl p-nitrobenzenesulfonate gave
two derivatives. One derivative was carboxymethylated
(SCM-lysozyme?) and the second was methylated (SM-lyso-
zyme) at the eight cysteine residues resulting from reduction of
the four disulfide bonds. Optical rotatory dispersion (ORD)
and circular dichroism (CD) measurements in water showed
that the two derivatives were greatly unfolded relative to na-
tive lysozyme. There was some indication from CD measure-
ments that SM-lysozyme was somewhat more folded than
SCM-lysozyme in water. Conformational studies in increas-
ing concentrations of methanol suggested that SM-lysozyme
assumed some structural stability around 35 9% methanol while
SCM-lysozyme showed no discreetly stabilized structure in
the range 0-6097 methanol. The stabilized structure of SCM-
lysozyme had ORD parameters that approximated those of

It is now well established that protein conformation is a
direct consequence of primary structure (Lumry and Eyring,
1954, Sela et al., 1957; White and Anfinsen, 1959; Anfinsen,
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native lysozyme. Further confirmation of this was obtained
from immunochemical studies. SCM-lysozyme showed no
reaction (097) with antisera to lysozyme. On the other hand,
SM-lysozyme showed appreciable (38 %) cross-reaction with
these antisera. However, the enzymic activity in each deriva-
tive was completely eliminated, suggesting that more rigid
structural requirements are needed for this property than for
immunochemical cross-reaction. The present findings indi-
cated that it was indeed feasible, at least to a limited extent, to
effect a stabilized structure in SM-lysozyme due to the ability
of the S-methyl groups to participate in nonpolar interactions.
In SCM-lysozyme, the directive effect of long-range interac-
tions is ineffective because a refolded, stabilized structure is
prevented by steric effects and by the like-charge repulsion
between the carboxymethyl anions as they approach one
another.

1961, 1964 ; White, 1960). The major role in stabilizing protein
folding is contributed by long-range interactions (Singhal and
Atassi, 1970; Atassi and Singhal, 1970), since an intact whole

1 The abbreviations used that are not listed in Biochemistry 5, 1445
(1966), are: SCM-lysozyme, a derivative of lysozyme in which the di-
sulfide bonds were reduced and then the resulting cysteine residues were
carboxymethylated by reaction with iodoacetic acid; SM-lysozyme, a
tysozyme derivative obtained by reduction of the disulfide bonds fol-
lowed by methylation with the use of methyl p-nitrobenzenesulfonate.
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helix in the protein is less helical in the free state (Singhal and
Atassi, 1970) and helicity increases as probability of stabiliza-
tion by long-range interactions improves (Singhal and Atassi,
1970). In addition, many proteins contain disulfide bonds,
The cross-links effected by disulfide bonds provide covalently
stabilized structures. Disulfide bonds, ruptured by reduction,
will re-form correctly on reoxidation (Sela ez al., 1957; White
and Anfinsen, 1959; Anfinsen, 1961, 1964; White, 1960)
pointing to the critical directive effect exerted by long-range
interactions. However, when the disulfide bonds are cleaved
by oxidation (Sanger, 1949; Ryle et al., 1955; Hirs, 1956; Red-
field and Anfinsen, 1956) or by reduction followed by carboxy-
methylation (White, 1960; Anfinsen and Haber, 1961; Crest-
field et al., 1963), the native three-dimensional structure of the
protein is completely disrupted in spite of the directive force
of long-range interactions. Clearly, in these derivatives, satis-
factory approach of the previously covalently linked regions is
prevented by like-charge repulsion. It is interesting to point
out here that no work has been done to investigate the possi-
bility of improving the reapproach of regions previously
linked by disulfide bonds and hence achieve a better approxi-
mation of the native three-dimensional structure. This may
be feasible by eliminating the like-like charge repulsion (en-
countered on employing the foregoing scission procedures)
without introducing the steric hindrance of a bulky side chain.
Such a concept was examined in the present work using lyso-
zyme, which has four disulfide bonds (Canfield and Liu,
1965a,b; Blake et al., 1965), as the protein model. Two deriva-
tives were prepared, one in which the disulfides were ruptured
by reduction followed by carboxymethylation and in the other,
reduction of the disulfides was followed by methylation
(Heinrikson, 1970). The conformations of the two derivatives
were investigated in detail by ORD and CD measurements.
Also, extent of attainment of the native three-dimensional
structure was examined independently by studying the im-
munochemistry and enzymic activity of the derivatives.

Experimental Section

Materials. Lysozyme (three-times crystallized) was purchased
from Sigma Chemical Co. and was found to be homogeneous
by starch gel, acrylamide gel, and disc gel electrophoresis.
Methyl p-nitrobenzenesulfonate was obtained from Pierce
Chemical Co. 2-mercaptoethanol was from Eastman Chemical
Co. Iodoacetic acid was obtained from Sigma Chemical Co.
Micrococcus lysodeikticus cells were freeze-dried vials from
Worthington Biochemical Corp. All other chemicals employed
were of analytical grade.

Reduction and S-Carboxymethylation of Lysozyme. To
lysozyme (100 mg; 6.99 umol), dissolved in 8 M urea in 0.25 M
triethylamine acetate buffer (pH 8.2, 5 ml), 2-mercaptoethanol
(0.5 ml) was added. The mixture was incubated under nitrogen
for 4 hr at 37° with continuous mixing. Reduction was termi-
nated by precipitation of the protein with 40 ml of ethanol-
HCl (29, HCl in 98 9 ethanol). After standing under nitrogen
at —20° for 3 hr, it was centrifuged (1800 rpm for 40 min) and
washed with ethanol-HCI (200 ml) until freed of 2-mercapto-
ethanol (about 4 times). During centrifugation, the liquid was
under nitrogen in capped centrifuge bottles. The protein was
then dissolved in 8 M urea at pH 8.2 (5 ml) containing iodo-
acetic acid (100 mg). Reaction mixture was kept in the dark,
under nitrogen and maintained at pH 8.2 for 2 hr by the addi-
tion of 0.5 N NH,OH on the pH-Stat at room temperature.
Excess iodoacetic acid was destroyed by the addition of 2-mer-
captoethanol (0.5 ml) to the solution at pH 8.2. The S-carboxy-

TABLE I: Molecular Weights, Mean Residue Weights, and
Nitrogen Contents of Lysozyme and Derivatives.?

N
Protein Mol Wt Mg Content (%)
Lysozyme 14,307 110.90 18.80
SCM-lysozyme 14,779 114.57 18.20
SM-lysozyme 14,427 111.84 18.64

¢ Values were calculated from the amino acid composition
of lysozyme and its derivatives,

methyllysozyme was precipitated with ethanol-HCI (40 ml),
washed on the centrifuge twice with ethanol-HCI, suspended
in water, dialyzed against four 2-1. changes of distilled water
and freeze-dried. The completeness of reduction and carboxy-
methylation and the specificity of the latter were confirmed by
amino acid analysis.

Reduction and S-Methylation of Lysozyme. Lysozyme (200
mg; 13.98 umol) was dissolved in 8 M urea (15 ml) in Tris
buffer at pH 8.6 (6.973 g of Tris, 12 ml of 1 N HCI, and 4 ml of
5%, EDTA diluted to 100 ml) in a brown bottle under nitrogen.
2-Mercaptoethanol (100 pl) was added and the solution was
stirred magnetically under nitrogen at room temperature for 2
hr. The temperature was then elevated to 40° and a solution
(2 ml) of methyl p-nitrobenzenesulfonate (434 mg; 2 mmol) in
dioxane was added dropwise to the magnetically stirred solu-
tion under nitrogen. After reaction at 40° for 30 min, the
reaction mixture was passed through a Sephadex G-10 col-
umn (3.0 X 40 cm) which was eluted with 8 M urea to remove
excess reagent. Tubes containing the protein fraction were
combined, dialyzed extensively against distilled water, and
then freeze-dried. The completeness of reduction and
S-methylation and specificity of the latter were confirmed by
amino acid analysis.

Analytical Methods. Starch gel electrophoresis was carried
out in 0.02 M phosphate buffer at pH 7.5, in 0.1 M formic acid
at pH 2.6, or in 4 M urea prepared in 0.02 M Na,HPO, (pH
8.9). Proceduies for starch gel electrophoresis have been
described elsewhere (Atassi and Caruso, 1968). Amino acid
analyses of protein hydrolysates were carried out on a BioCal
BC-200 amino acid analyzer. Acid hydrolysis was in constant-
boiling HCI (double distilled) at 110° for 22 hr, or 72 hr in
nitrogen-flushed evacuated sealed tubes. For tryptophan
determination, hydrolysis was in 3 N p-toluenesulfonic acid
containing 0.29 3-(2-aminoethyl)indole (Liu and Chang,
1971) in nitrogen-flushed, evacuated sealed tubes at 110° for
22 or 48 hr.

Concentrations of protein solutions were based on their
nitrogen contents which were calculated from their amino acid
compositions, Table I shows the molecular weights, nitrogen
contents and mean residue weights for lysozyme and the
present two derivatives. Analyses for nitrogen were done by a
micro-Kjeldahl procedure (Markham, 1942) and by using
Nessler’s reagent standardized with ammonium sulfate, Three
or more replicate analyses were usually performed on each
solution and the results varied £0.5%; or less.

Enzymic activity was determined in 0.06 M phosphate
buffer, containing 0.09%7 NaCl (pH 6.2) from the rate of lysis
of M. lysodeikticus as described elsewhere (Atassi and Habeeb,
1969). Also, in the present work, enzymic activity was deter-
mined in 0.06 M phosphate, containing 0.09 57 NaCl (pH 6.2)
and which was 359 with respect to methanol.
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FIGURE 1: ORD spectra of Lysozyme and derivatives in water:
1, lysozyme; 2, SM-lysozyme; 3, SCM-lysozyme.

Optical Rotatory Dispersion and Circular Dichroism Mea-
surements. ORD and CD studies were carried out at 25° on
solutions of lysozyme or its derivatives in water. Solutions
contained 0.05-0.2 mg of protein/ml. Measurements were
made with a Cary Model 60 spectropolarimeter, equipped
with a Model 6001 circular dichroism accessory. Each sample
was measured at several concentrations employing cells with
light paths of 0.5, 1, 5, and 10 mm. Each sample was scanned
at least three times at each concentration and the ORD and
CD parameters were the average from these scans. ORD data
are reported in reduced mean residue rotation [m’], corrected
for the refractive index dispersion of water, n,. The Moffitt-
Yang parameter, by, was calculated from their equation
(Moffitt and Yang, 1956) with \; as 212 nm. CD data are
presented here in reduced molar ellipticities [#’],, corrected for
the refractive index dispersion of water, #, (i.e., [8'] = [6]3/(n?
+ 2)). Units of [#’] are in (deg cm?) per dmol. Experimental
procedure and quantitative treatment of ORD and CD data
have been described elsewhere (Atassi and Singhal, 1970).

Effect of methanol on conformation of lysozyme and its
present two derivatives was studied by the addition of increas-
ing amounts of methanol to a solution of lysozyme, or deriva-
tive, in water. After each methanol addition, the protein solu-
tion was centrifuged (4000 rpm, 1 hr, 0°) and aliquots were
then removed for triplicate nitrogen analyses. Therefore, the
exact protein concentration at each methanol content was
known and complications due to any precipitation of protein
on addition of methanol were completely avoided.

Immunochemical Methods. Preparation of goat antisera to
lysozyme has already been described (Atassi and Habeeb,
1969). For the present work, two goat antisera, G9 and G10,
were used. The sera were kept separate and stored in 5-ml
aliquots at —40°. Quantitative precipitin and absorption
experiments were performed as described elsewhere (Atassi
and Saplin, 1968).

Results

Characterization of the Derivatives. On starch gel electro-
phoresis at pH 7.5, SCM-lysozyme and SM-lysozyme behaved
in a similar manner to native lysozyme. On starch gel electro-
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TABLE II: Amino Acid Composition of Lysozyme and Deriva-
tives.?

SCM- SM-
Amino Acid Lysozyme Lysozyme Lysozyme

S-CM-cysteine 0.00 7.89 0.00
Asp 20.9 20.6 20.6
Thr 6.70 6.51 7.05
Ser 9.76 9.70 9.7
Glu 5.15 5.21 5.07
Pro 2.01 1.97 2.00
Gly 12.00 11.96 12.24
Ala 12.12 12.14 12.18
Cys 7.90 0.00 0.00
Val 5.86 5.76 5.97
Met 2.03 2.04 1.96
Ile 5.69 5.72 5.62
Leu 8.10 8.11 7.70
Tyr 2.95 3.19 2.69
Phe 2.96 3.14 2.83
Trp 5.88 5.98 5.78
Lys 6.13 5.82 5.72
His 1.02 1.31 1.05
Arg 11.10 10.81 11.25
S-Methylcysteine® 0.00 0.00 8.01

¢ The results represent the average of four acid hydrolyses
{(two at 22 hr and two at 72 hr) and duplicate hydrolyses with
p-toluenesulfonic acid. The values for threonine and serine
have been obtained by extrapolation to zero hydrolysis time.
Tryptophan was determined from the p-toluenesulfonic acid
hydrolysis. * The constant for S-methylcysteine was 907
of the value for alanine (Heinrikson, 1970).

phoresis at pH 2.6, SCM-lysozyme showed a single, positively
charged band that moved faster than native lysozyme with
mobility of 1.43 (relative to native lysozyme = 1), but SM-
lysozyme moved slower than native lysozyme with mobility
of 0.78. Finally in electrophoresis at pH 8.9 in urea, SCM-
lysozyme did not migrate from the origin, while SM-lysozyme
showed mobility = 0.57 (relative to native lysozyme = 1).
Each derivative was completely homogeneous in electro-
phoresis at each pH value and in neither derivative was there
any trace of unmodified lysozyme present.

Amino acid analysis of native lysozyme, carboxymethylated
lysozyme and S-methylated lysozyme are presented in Table
II. Amino acid analysis showed complete modification of the 8
cysteine residues (obtained after reduction with mercapto-
ethanol) by carboxymethylation with iodoacetic acid, or by
methylation with methyl p-nitrobenzenesulfonate. No other
amino acids were modified. From amino acid composition
data, it was concluded that cleavage and modification had
taken place specifically at the disulfide bonds.

Optical Rotatory Dispersion Measurements. In ORD mea-
surements, lysozyme and its derivatives showed negative
rotation with a minimum at 233 nm and a positive rotation
maximum at 199 nm. Figure 1 shows the ORD spectra of
lysozyme and its derivatives in the ultraviolet region. Lyso-
zyme showed the highest rotation both at the negative mini-
mum at 233 nm and at the positive extremum at 199 nm (Table
IIT). SM-lysozyme showed a decrease in its rotation both at
[m’]233 and [1'],90. SCM-lysozyme was also less rotatory than
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PERCENT METHANOL

FIGURE 2: Effect of methanol on the rotatory behavior of lysozyme
and its derivatives. The upper part shows change of [m']s; and the
lower part shows change of b, with increasing methanol concentra-
tion: (O) lysozyme; (@) SM-lysozyme; (4) SCM-lysozyme.

lysozyme at the negative minimum and at the positive ex-
tremum (Table III).

The effect of methanol on the rotatory behavior of lysozyme
and its two derivatives was investigated, Figure 2 shows the
variations of [m’]:;; with methanol concentration. For SCM-
lysozyme and SM-lysozyme, the rotatory power was increased
on addition of methanol. The increased rotatory power in the
presence of methanol was also accompanied by increase in the
by values (see Figure 2). However, the curves for these in-
creases in SM-lysozyme showed distinct shoulders between
30 and 409 methanol. Table III summarizes the values of
[1'233, [m'199, and b, for each of these derivatives in water
and 60% methanol (v/v). Lysozyme showed some slight
decrease in the [m'];3; and the b, values (Figure 2) on addition
of methanol.

Circular Dichroism Measurements. Lysozyme showed
negative ellipticity bands at 220 and 208 nm both in water and
in 60%, methanol. On the other hand, SCM-lysozyme and
SM.lysozyme showed negative ellipticity bands, in 60 % meth-
anol, at 220 and 212-213 nm, The ellipticity values for SCM-
lysozyme and SM-lysozyme were also increased in the pres-
ence of methanol. For lysozyme, however, a slight decrease in
ellipticity was observed (Figure 3 and Table IV). Figure 3 also
shows the circular dichroism behavior of SCM-lysozyme in
water and in 609 methanol (v/v). In 609 methanol, the
[6'] value for SCM-lysozyme at 220 nm was almost twice the
corresponding value in water. The negative ellipticity band at
212-213 nm in 60 %, methanol was also appreciably higher than

TaBLE 11: Optical Rotatory Dispersion Parameters of Lyso-
zyme and Derivatives in Water and in 60 9 Methanol.
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FIGURE 3: CD spectra of: 1, lysozyme in water; 2, lysozyme in 60 %,
methanol; 3, SCM-lysozyme in water; 4, SCM-lysozyme in 60%
methanol.

the ellipticity band at 208 nm in water (Table IV). The circular
dichroism behavior of SM-lysozyme is shown in Figure 4.
SM-lysozyme showed negative ellipticity which, in water,
appeared at 220 and 208 nm and in 60 % methanol at 220 and
212-213 nm, and these bands were also increased in the pres-
ence of methanol (see Table IV).

Immunochemistry of the Derivatives. In quantitative precipi-
tin analysis with antisera to lysozyme, SCM-lysozyme and
SM-lysozyme behaved differently. Table V summarizes the
results of the precipitin reactions of SCM-lysozyme and SM-
lysozyme with goat antisera to lysozyme, G9 and G10, SCM-
lysozyme failed to react with antisera to lysozyme, On the other
hand, SM-lysozyme showed substantial (35-38%7) reactivity
relative to the homologous reaction. Also, SM-lysozyme
absorbed 387 of the reactivity of antisera to lysozyme with
the homologous antigen (i.e., lysozyme).

Enzymic Activity of Lysozyme and Its Derivatives. Reduc-
tion of cystine residues of lysozyme followed by carboxy-
methylation or by methylation, resulted in complete (100%)
loss of enzymic activity relative to native lysozyme. In addi-
tion, enzymic activity was determined in 0.06 M phosphate
buffer containing 0.09%, NaCl (pH 6.2) and which was 35%
with respect to methanol. Whereas lysozyme possessed full
lytic activity in this solvent, neither SCM-lysozyme nor SM-
lysozyme displayed any enzymic activity.

TABLE 1v: Circular Dichroism Parameters of Lysozyme and
Its Derivatives in Water and in 60 9 Methanol.

Protein Solvent [6Tez0 [0']208
Protein Solvent [m1']ass bo Lysozyme Water —-7210 —~9740
609, Methanol — 6000 —8700
Lysozyme Water —4380 —240 SCM-lysozyme Water —4530 — 6640
609, Methanol —4020 —210 "
607 Methanol —8220 — 8840
SCM-lysozyme Water —2450 —133 SM.1
-lysozyme Water — 5840 —7860
607 Methanol ~ —5230  —245 60 Methanol ~ —7670  —8150°
SM-lysozyme Water —2540 —145 °
6027 Methanol —4140 —286 ¢ These bands appeared at 212.5 nm,
BIOCHEMISTRY, VOL. 12, No. 14, 1973 2693
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FIGURE 4: CD spectra of SM-lysozyme in (1) water and (2) 60%
methanol.

Discussion

The relatively high pH conditions employed in the present
reactions may be expected to give rise to carboxymethylation
or methylation of histidine or lysine residues. However, the
results of amino acid analysis ruled out this possibility com-
pletely, since these adducts of lysine or histidine will be stable
to acid hydrolysis. Furthermore, the gel electrophoresis re-
sults demonstrated the complete homogeneity of the two
derivatives, and also no trace of unmodified lysozyme was
detected in either SCM-lysozyme or SM-lysozyme. Therefore,
the present conformational and immunochemical differences
between SCM-lysozyme and SM-lysozyme could not have
been caused by heterogeneity of the derivatives or contamina-
tion with native protein.

From ORD measurements in water, it was clear that SM-
lysozyme, like SCM-lysozyme, was greatly unfolded relative
to native lysozyme. There was essentially no difference in the
[m'):33 and [m 1144 values of the two derivatives. However, the
difference in the b, values, which was outside the range of the
normal experimental variation, suggested that SM-lysozyme
may be somewhat more folded than SCM-lysozyme in water.
This conclusion was more clearly evident from the results of
CD measurements on the two derivatives in water. The values
of [8]a20 and [6/T20s for SM-lysozyme were about 209 higher
than the corresponding values for SCM-lysozyme. If SM-
lysozyme, indeed, had a tendency to be more folded in water

TABLE v: Comparison of Antigenic Reactivities of Lysozyme,
SCM-Lysozyme, and SM-Lysozyme.®

Antiserum
Protein G9 G 10
Lysozyme 100 100
SCM-lysozyme 0 0
SM-lysozyme 35 38

¢ Values are in per cent precipitation relative to homologous
antigen and represent the average of three determinations
which varied 3=1.0% or less.
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than SCM-lysozyme, then it was of interest to test the feasi-
bility of achieving a more stabilized SM-lysozyme conforma-
tion. The results of ORD measurements in varying concentra-
tions of methanol were highly significant. Whereas methanol
exerted a very slight effect on the rotatory power and elliptic-
ity values of native lysozyme, its effect on these parameters for
the two derivatives differed markedly. The steady increase of
the ORD and CD parameters of SCM-lysozyme reflected no
conformational state of this derivative was particularly
stabilized. The increase in methanol concentration most likely
favored progressive aggregation which accounted for the
steady increase of the ORD and CD parameters. In contrast,
the values of [m']::; and b, for SM-lysozyme, which did not
increase steadily but showed a definite shoulder between 30
and 4097 methanol, indicated a stabilized structure whose
parameters were very similar to those of native lysozyme.
Above 4097 methanol, this stabilized structure was disrupted.
At low methanol concentration intramolecular long-range
interactions may be favored, but above 4097, methanol inter-
molecular interactions become dominant and induce aggrega-
tion which will be apparent in further increase of the ORD
and CD parameters of the derivative.

The foregoing conclusions, suggesting a stabilized more
folded structure of SM-lysozyme, which was derived from
ORD and CD measurements, made it intriguing to test the
biological properties of the derivative. If the native conforma-
tion of lysozyme was somewhat approximated in SM-lyso-
zyme, then it appeared likely that the latter may exhibit some of
the biological properties of the native protein. However, SM-
lysozyme behaved like SCM-lysozyme with respect to enzymic
activity. Even at 3597 methanol, where SM-lysozyme achieved
a stabilized conformation similar in parameters to those of the
native protein, this derivative still possessed no enzymic ac-
tivity. At this stage, the findings may have appeared contradic-
tory, and it was decided to monitor another biological prop-
erty, namely the immunochemistry of the derivatives.

It is now well established that the antigenic reactivity of
native protein antigens is highly influenced by changes in their
conformation (Atassi, 1967; Habeeb, 1967 ; Atassi and Skalski,
1969; Andres and Atassi, 1970). Furthermore, the primary
antibody response is directed against the native, three-dimen-
sional structure of a protein antigen (Atassi and Thomas,
1969). Accordingly, immunochemical methods may be em-
ployed, under appropriate conditions, as a powerful and
highly sensitive tool to monitor conformational changes in
proteins (Atassi, 1967). However, it may be relevant to caution
here that not every conformational change will exert an effect
on the antigenic reactivity (Atassi and Habeeb, 1969; Atassi
et al., 1971, 1972). This will be dependent on the protein and
the nature of the conformational reorganization. With anti-
sera to native lysozyme, SCM-lysozyme showed no reaction
confirming the presence of a drastic conformational change in
this derivative. This lack of immunochemical cross-reaction
obtained with SCM-lysozyme was not unexpected and has
recently been reported by other workers (Shinka et al., 1967;
Gerwing and Thompson, 1968; Young and Leung, 1970).
Similarly, it had been observed that rupture of the disulfide
bonds in ribonuclease resulted in complete elimination of its
antigenic reactivity with antisera to ribonuclease (Brown,
1962). In view of these reports and the present findings on
SCM-lysozyme, the substantial (38 97) antigenic reactivity of
SM-lysozyme observed here must be considered as very signifi-
cant indeed. Certainly, the cross-reaction of SM-lysozyme
was not caused by contamination with native lysozyme. Im-
munochemical cross-reaction of proteins is a function of
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similarity in sequence of antigenic reactive regions and also
close conformations of these regions are required for appro-
priate fit onto the antibody combining site (Atassi, 1970;
Atassi et al., 1970; Habeeb and Atassi, 1971). The present
findings can best be explained by concluding that the im-
munochemically unreactive SCM-lysozyme undergoes a com-
plete change in mode of folding so that it will retain no favor-
ably folded reactive regions that will correctly fit into the anti-
body combining site. On the other hand, SM-lysozyme must
still exhibit partial retention of the native conformation, at
least in some parts of the molecule, making it possible for
some reactive regions to achieve a configuration that may bind
with antibody.

The present findings, therefore, clearly show that long-range
interactions exert a considerable driving force for reorganizing
the molecule into its native conformation. In SCM-lysozyme
(or when the disulfides are oxidized to cysteic acid), the direc-
tive effect of long-range interactions cannot give rise to a
structure which resembles that of the native protein because
this will be prevented by steric effects and by the like-like
charge electrostatic repulsion between the carboxymethyl
anions as they approach one another. By contrast in SM-lyso-
zyme, the S-methyl groups are smaller and they may partici-
pate in hydrophobic interactions and thus induce stabilization
of the SM-lysozyme conformation, or at least certain regions
of it. The lack of enzymic activity of SM-lysozyme demon-
strates that full recovery of the native conformation was not
achieved. For this property, where many amino acid side
chains are required to make contact with the substrate (Blake
et al., 1965), more stringent conformational features are
required than those needed for antigenic reactivity. In the
latter, if certain regions achieve the proper conformation,
they may bind with their respective antibodies even though
other antigenic regions on the molecule are improperly folded
and remain unreactive.
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