
Table 1. Neutral hydrogen distribution in three 
galaxies. 

Neutral hydrogen annulus Vis- 
Galaxy "Inside Peak Outside ible 

edge edge 

Observed radii (kparsec) 
M31 5 9 15 21 
Our 4 6.5 12 
M33 2 3.5 5 6 

Normalized radii (kparsec) 
M31 5 9 15 21 
Our 5.5 9 16.5 
M33 5 9 13 15.5 

* Distance to M31 assumed to be 690 kparsec 
and to M33 630 kparsec. 

of the annular distributions in M31, 
M33, and our galaxy are summarized 
in the upper part of Table 1. The vis- 
ual radii for M31 and M33 to 25.8 

magnitude per (sec of arc)2 in blue 

light as determined by de Vaucouleurs 

(9) are also given. If all three galaxies 
had the same radius of the hydrogen 
peak as M31 the radii would be as 
listed by the normalized values in the 
lower part of the table. It is apparent 
from these radii that the neutral hydro- 

gen has a similar relative distribution 
in the three galaxies. In particular 
there is a significant deficiency of neu- 

tral hydrogen in all three galaxies in 
the central region. This might in- 
dicate a similar evolutionary process in 
the three galaxies with perhaps an ex- 

plosion in a prior epoch having swept 
out most of the neutral hydrogen from 

the inner regions. 
M31, M33, and our galaxy are nor- 

mal radio galaxies with relatively weak 
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dine nucleotide (DPNH) to a solution 
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of lactic deyhdrogenase (2) results in a 
shift of the reduced-coenzyme spectrum 
because of formation of binary enzyme- 
coenzyme complexes. Since the discov- 
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continuum radio emission from the nu- 
cleus. By contrast, Mathewson and 
Rome (10) have shown that the near- 
by galaxies NGC 253 and 4945 have 

strong continuum emission from the 
nucleus. It would be of interest to de- 
termine whether or not the neutral hy- 
drogen distribution in these galaxies is 
also deficient in the central regions. 

The velocities given in Fig. 2 are 
with respect to the local standard of 
rest. The systematic velocity of ap- 
proach of M31 with respect to this 
standard is found to be -300 ? 10 
km/sec. This is in agreement with 
Argyle's value of -296 and Roberts' 
of -310 km/sec. 
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ery of these complexes in 1951 and 

1952, no such binary complexes have 
been demonstrated spectrophotometri- 
cally for other pyridine nucleotide- 
linked dehydrogenases, despite vigorous 
and continued search in many labora- 
tories [although binary and ternary com- 
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1952, no such binary complexes have 
been demonstrated spectrophotometri- 
cally for other pyridine nucleotide- 
linked dehydrogenases, despite vigorous 
and continued search in many labora- 
tories [although binary and ternary com- 

plexes have been shown by fluorometric 
measurements, and ternary complexes 
have been observed spectrophotometri- 
cally in the presence of substrates or 
products (3)]. Indeed several authors 
have categorically stated (2, 4) that ad- 
dition of yeast-alcohol dehydrogenase 
or glutamic dehydrogenase (GDH) to 
DPNH does not change the DPNH 
spectrum. 

We now show by means of tandem 
difference - spectrophotometric tech- 
niques that formation of spectrophoto- 
metrically observable binary complexes 
between dehydrogenases and DPNH is 
a more general phenomenon than has 
been thought; we present evidence of 
such complexes between reduced co- 

enzyme and GDH, yeast-alcohol de- 

hydrogenase, and isocitric dehydro- 
genase; and we describe some unusual 
features of these new signals that may 
give information on coenzyme-enzyme 
interactions. 

Difference spectra were recorded on 
a Cary model-14 spectrophotometer 
using matched 1.000 cm quartz cu- 
vettes arranged as follows: The sample 
compartment held two cuvettes: the first 
contained the enzyme; the second, the 
coenzyme (both in buffer). The refer- 
ence compartment also held two cu- 
vettes: the first with enzyme and coen- 
zyme mixed, and the second with buffer 
alone. Artifacts arising from dilution 
errors, temperature differentials, and 
stray and scattered light were recognized 
and avoided by use of the criteria and 
precautions discussed in (5). 

Figure 1A is the difference spectrum 
between the GDH-DPNH complex and 
its components; Fig. lB is a solvent-per- 
turbation difference spectrum of 
DPNH, presented for reference. This 
difference spectrum was recorded with 
the same cell arrangement as for the 
other difference spectra. In the sample 
compartment the first cuvette contained 
DPNH; the second, sucrose (250 mg/- 
ml). In the reference compartment the 
first cuvette contained DPNH and su- 
crose; the second, buffer alone. All 
cuvettes contained 0.2M potassium 
phosphate buffer, pH 7.60. The refrac- 
tive index difference for the sucrose 

perturbation of DPNH was 0.0344. 
The refractive index differences be- 
tween the enzyme and enzyme-coen- 
zyme solutions were negligible-on the 
order of 0.0002. 
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chromophore; their shape is independ- 
ent of their immediate cause and is a 
function only of the spectrum of the 

chromophore itself (6). One can see 

striking similarity between the effects 
on the spectrum of DPNH of a rela- 
tively small amount of enzyme and 
of a change in the gross properties of 
the medium. Figure 1C is the differ- 
ence spectrum between the GDH- 
TPNH complex and its components; in 

general it resembles the difference spec- 
trum of the GDH-DPNH complex. 

In the GDH-TPNH (reduced triphos- 
phopyridine nucleotide) difference spec- 
trum, the ratio of the absorbance of 
the nicotinamide signal (>300 m/u) to 
that of the adenine signal (<300 mix) is 

260 300 340 380 
WAVELENGTH (mL) 

Fig. 1. Absorption-difference spectra of 
enzyme-reduced coenzyme complexes. A, 
Glutamic dehydrogenase, 1.0 mg/ml, and 
DPNH, 100 [tM; B, solvent-perturbation 
difference-spectrum of DPNH, 200 ytM, 
perturbed by sucrose at 250 mg/ml; C, 
glutamic dehydrogenase, 1.0 mg/ml, and 
TPNH, 100 uM; D, yeast-alcohol dehydro- 
genase, 1.0 mg/ml, and DPNH, 50 A;M; 
E, lactic dehydrogenase, 1.0 mg/ml, and 
DPNH, 100 ugM; F, isocitric dehydro- 
genase, 0.9 mg/ml, and TPNH, 10 ,tM. 
With the exception of isocitric dehydro- 
genase, which was run in tris buffer, all 
solutions were made up in phosphate buffer 
at pH's near 7.6. Other experimental con- 
ditions are described in the text. 
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much higher than in the TPNH per- 
turbation-difference spectrum; in the 
GDH-DPNH difference spectrum this 
ratio is identical with that of a DPNH 

perturbation spectrum. This suggests 
that the nicotinamide moiety of TPNH 
is bound more strongly to this enzyme 
than is the adenine moiety, while 
both moieties of DPNH aie bound 
equally. 

The small, sharp, negative peaks at 
292 and 284 ml, indicate that in this 
complex a tryptophan residue is in a 
region of higher refractive index than in 
the free enzyme (5). Similar tryptophan 
signals appear in Fig. 1, D and E, but 
not in F. We have previously reported 
that the difference spectrum between 
the inactive ternary complex (GDH- 
DPNH-glutamate) and the binary com- 
plex (GDH-TPNH) shows just such a 
tryptophan signal, caused in that in- 
stance by the binding of the y-carboxyl 
group of L-glutamate to a tryptophan 
residue on the enzyme (7); these phe- 
nomena will be discussed elsewhere (8). 
Figure 1, D-F, represents the corre- 

sponding difference spectra between en- 

zyme-reduced coenzyme binary com- 

plexes and their components for yeast- 
alcohol dehydrogenase, beef-heart lac- 
tic dehydrogenase (9), and pig-heart iso- 
citric dehydrogenase, respectively. 

The difference spectra of these last 
three complexes, in contrast with both 
GDH binary complexes, differ notice- 
ably from the simple perturbation-dif- 
ference spectrum of DPNH shown in 
Fig. 1B. For example, the difference 
spectra of both the yeast alcohol de- 
hydrogenase-DPNH and the lactic de- 
hydrogenase-DPNH complexes resem- 
ble the perturbation-difference spectrum 
of DPNH (Fig. 1B) throughout the 
adenine-related portion, but differ mark- 
edly from it in the reduced-nicotina- 
mide portion. This fact suggests that 
in these complexes the interactions be- 
tween the nicotinamide moiety of 
DPNH and the enzyme are strong 
enough and specific enough to affect 
the chromophore in a manner qualita- 
tively different from a gross medium 
effect. Yet even these spectra are clear- 
ly recognizable as arising from modifi- 
cations of the adenine and nicotinamide 
contributions to the spectrum of 
DPNH. 

We do not imply that the complexes 
demonstrated by these difference spec- 
tra necessarily represent active inter- 
mediates in the enzyme-catalysed re- 
action, nor even that they must be 

located at the active site (10); GDH, 
for example, is known to bind DPNH 
at noncatalytic sites (11). Such assign- 
ments must await the correlation of 
quantitative measurements of each of 
these signals with the kinetics of their 

respective enzymatic reactions. 

Availability of such spectrophotomet- 
ric signals, free as they are from many 
of the ambiguities of spectrofluorom- 
etry, may permit more detailed analysis 
of dehydrogenase mechanisms. 
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