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Interaction of 1-Anilino-8-Naphthalene Sulfonate with Yeast Glyceraldehyde-3-Phosphate Dehydro-

genase

In order to evaluate the nature of interactions involved
in the binding of NAD* to glyceraldehyde-3-phosphate
dehydrogenase (GAPD) different coenzyme-competitive
inhibitors were studied *s2. The importance of the adeno-
sine-5-phosphate in the binding of NADT was established,
whereas nicotinamide mononucleotide was found to bind
rather weakly. To get more information about the pro-
perties of the NAD™* binding site on the protein surface,
it seems of interest to investigate the degree of polarity of
this site and the possible participation of hydrophobic
regions of the protein in coenzyme binding. For this aim
we have used a “hydrophobic probe’, 1-anilino-8-naphtha-
lene sulfonate (ANS), which exhibits low fluorescence in
water, but becomes highly fluorescent with a blue shift
in emission maximum in non-polar solvents or on binding
to hydrophobic regions of proteins2-5, As is shown below,
yeast GAPD binds -ANS competitively with respect to
NADT; the binding being accompanied by changes in the
emission spectrum and quantum yield of the dye fluores-
cence, suggesting the existence of a hydrophobic region in
the active site of this enzyme.

Materials and methods. GAPD was crystallized from
baker’s yeast according to the method of Krebs®. Fluores-
cence measurements were performed at room temperature
in a spectrofluorometric attachment G-3 for a Hitachi
Spectrophotometer EPS-3; excitation was at a wave-
length of 350 nm. Fluorescence was measured with right
angle optics in 1 cm light path quartz cuvettes. All fluo-
rescence experiments were corrected for fluorescence of
dye and enzyme. Quantum yields were determined rela-
tive to a standard chinine sulfate solution?.

Results and discussion. Interaction of yeast GAPD with
ANS results in a marked enhancement of the fluorescence
intensity of the dye and a 30 nm blue shift in its emission
maximum (for ANS in glycine buffer the maximum was
observed at 520 nm, and for ANS-GAPD complex it
shifted to 490 nm). On binding to GAPD ANS is, there-
fore, transferred to a medium of lower polarity than 0.1.M
glycine. Quantum yield of ANS, fully absorbed by GAPD
was determined and was found to be 0.05 .Thus, it appears
that there are some weakly non-polar regions on GAPD
molecule capable of binding ANS. The number of dye
binding sites (#) and the dissociation constant for the
complex (K) were determined for the ANS-enzyme inter-
action according to the fluorometric method of WEBER
and Young? using the equation:

(2) P/XD = 1/n (1+K/(1-#)D), where

P = the total protein concentration, D = dye concentra-
tion, # = the number of sites per protein molecule, K =
dissociation constant and » is the fraction of dye bound.
A plot of P/xD against 1/{1-2)D yields values for # and K.
The fraction of ANS bound, x, is derived from the ratio
x = F/F,, where F is the actual observed fluorescence
efficiency and F, — the same when all the dye in solution
has been adsorbed. F; was determined by measuring the
fluorescence of a constant amount of ANS (which ranged
from 0.7 x10-3 to 1.05 x 10-3) in different experiments)
in the presence of varying levels of protein and calculating
the fluorescence on extrapolation to infinite protein con-
centration. The molar ratio [ANS]/[protein] was kept be-
low 10:1 in order to eliminate deviations from linearity in
the plots due to nonspecific ANS binding.

The results of such an experiment are presented on the
double-reciprocal plot (Figure 1), from which the maxi-
mum enhancement of ANS f{luorescence was obtained.
The values # and K could now be determined from the

4

plot given in Figure 2. In this plot the y intercept is the
reciprocal u, and the x intercept is equal to ~1/K. In this
experiment 4 ANS binding sites per protein molecule
{mol. wt. 140,000) were found with an average dissociation
constant {K) of 5 x10-5M, Similar results were obtained
with 2 different preparations of GAPD (n varied between
2 and 4, K — between 4 x10-% and 6 x 10-%M),
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Fig. 1. Double-reciprocal plot of ANS fluorescence against GAPD
concentration. 0.1 M glycine buffer pH 8.5. ANS — 1.05x10-5M.
GAPD — 0.56x 107% — 6,16 X 10-9M. F, fluorescence intensity at
490 nm.
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Fig. 2. Determination of N and K according to Eq.? {see text). The
data of Figure 1 were used for the plot.
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This finding prompts the suggestion that ANS binding
sites might be related to the active site regions of the en-
zyme molecule. Yeast GAPD is known to consist of 4
identical subunits® and to bind 4 equivalents of NAD+
per mole of protein1®. In order to determine whether ANS
is capable of binding at the active site of GAPD, the dye
was tested as an inhibitor of the enzyme activity. The
effect of ANS was studied with varying concentrations of
NAD+. The data in Figure 3 show that ANS is a compe-
titive inhibitor with respect to the coenzyme, suggesting
an interaction at a common site. The inhibitor dissocia-
tion constant found in these studies ranged from 5 x 10-5M
to 6 x 10-5M. These results are in good agreement with the
fluorescence titration data.

A conclusion may be drawn from these results that ANS
bound to GAPD is located at or very near the coenzyme
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Fig. 3. Inhibition of GAPD activity by ANS with respect to varying
NAD concentrations. The reaction mixture (3 ml) contained 0.1 M
glycine-NaOH buffer pH 8.2, 5 mAM EDTA, 5 mM disodium arsenate,
3x10%M glyceraldehyde-3-phosphate, 1.2x10-8M GAPD and
0.38x107% — 2.66 X 1072 NAD.1 — no ANS, 2and 3 — 9.0x10-5M
and 15.6 X 10780 ANS respectively, 20°C. Velocity is expressed in
arbitrary units.
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binding site, suggesting the existence of some nonpolar
region in this site. However, since ANS is an anion the
possible role of ionic interactions between ANS and pro-
tein molecule must also be considered. We found, in fact,
that inorganic phosphate was rather effective in displacing
ANS from its complex with GAPD, presumably due to a
competition for a common positively charged group on the
protein surface. Such a group must be located in close
proximity with the non-polar region in the active site of
GAPD which also participates in ANS binding.

BeiBoapl. CesisbiBaHue 1-aHuauHO-8-HadTanuH cyabdoHa-
ta (AHC) ¢ gpoxoxeBoil ramuepansaerua-3-pocharaerugpo-
renaszoil (CADI) HOPUBOAUT K BO3PACTAHUID KBAHTOBOIO
Brixoda GayopecueHnpy, AHC M casury Makcumyma 3MuC-
cun Ha 30 HM B CTOPOHY KOPOTKHMX JJIHH BOJAH. I1pu monsip-
Hom otHomeHuu [AHC]:[FADI] < 10:1 na 140000 r 6enka
cBagbiBaercA 3 4~ 1 monss AHC ¢ KoHCTaHTOl aucconmanuu
xomiunexca 5 x 10-%-M. AHC yrHeraeT aH3UMaTHYECKYI0 aK-
THBHOCTb KOHKypentHo ¢ HAJ, Bennuuna Ki npu atom
cootBercTByeT 5 X 105 M — 6 X 10-% M. TIpeanonaraercs, 4ro
CBSI3bIBAHUE KPACKM [POMCXOAUT B 00J1acTH AKTHBHOrO
uenrpa F’APHO.
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The ATPases of the Sarcolemma from Skeletal Muscle in Experimental Myotonia

By treating rats with 20, 25-diazacholesterol? 2 or with
2,4-dichlorophenoxyacetate? the symptoms of myotonia
are induced, i.e. a delayed relaxation of muscle after a
contraction and repetitive firings in electromyogram.

It is in general accepted that myotonia is a phenomenon

of the muscle membranes. In earlier studies we were able
to demonstrate that in rats treated with 20, 25-diaza-
cholesterol the calcium pump of the sarcoplasmic reticu-
lum is markedly affected?. Rats with induced myotonia
also showed a significantly altered fatty acid pattern of
the phospholipids and of the cholesterol esters of the sar-
coplasmic vesicles®,
However, these findings cannot explain the repetitive
firings in electromyogram, which presumably are due to
changes in the external membrane of muscle fibers, the
sarcolemma. This membrane is very important for the
transmission of electrical activity from the neuromuscular
junction over the exterior of the muscle fibers. In the sar-
colemma, too, from 20, 25-diazacholesterol-treated rats,
there are changes in the fatty acid composition of phos-
pholipids and cholesterol ester?®.

The sarcolemma from skeletal muscle of rats contains a
Mg+t stimulated ATPase and an ATPase stimulated by
Nat and K+ in the presence of Mgt+6. We investigated the
activities of these ATPases in the sarcolemma from the
skeletal muscles of rats with 20, 25-diazacholesterol in-

duced myotonia, and we further determined the inhibition
of the ATPases by 2, 4-dichlorophenoxyacetate.

Female Wistar rats were given 10 mg 20, 25-diazachol-
esteroldihydrochloride daily for a period of 6 weeks by
oesophagealtube. Theinduced myotonia wasdemonstrated
by electromyogram. The rats — always a myotonic and a
normal one at the same time — were decapitated and the
sarcolemma was isolated from the muscles of the hind
legs according to the method of McCOLLESTER?® and
ROsENTHAL et al.? as modified by PETER®.
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