
Table 1. 
-

2 3 6 8 
s a m p r  

XubstsnceA 0.79 0.79 0.04 0.69 0.64 0.09 0.68 0.75 
4,8-Dihydroxy-

quinoline .79 .78 .04 .68 .64 .09 .60 .77 
Substance B .45 .72 .OO .19 .05 .OO . l5  -55 
Xanthurenic 

acid .45 .74 .OO .18 .05 .OO .15 .54 
-

Solrent ssstems : (1)  butanol, acetic acid, water ( 4  :1: 5) ; 
(2)  methanol, butanol, benzene, water (4 :2 :2 :2 )  ; (3) bu-
tanol saturated with 1-percent NH,OH; ( 4 )  butanol satur-
ated with 0.2-percent acetic acid;  ( 5 )  iso-arnyl alcohol satur- 
ated with 1-percent acetic acid ; (6)  iso-arnyl alcohol saturated 
with 0.6-percent NH,OH ; (7)  ethyl acetate, acetic acid mater 
( 5  :1:5 )  ; ( 8 )  2-percent acetic acid, isopropanol ( 3  :7 ) .  

on exposure to the air and gave a vivid pink color 
with diazo-reagent. This behavior was the same as  
that  of xanthurenic acid. S o  the two spots a t  Rf 0.79 
(substance A) and Rf 0.45 (substance B )  were more 
precisely identified by paper chromatography using 
seven other solvent systems, as indicated in Table 1, 
thus demonstrating complete coincidence of their IEf 
values with those of 4,8-dihydroxyquinoline and 
xanthurenic acid, respectively. 

Since the incubation of xanthurenic acid (11)with 
mouse liver homogenate never led to the formation of 
4,8-dihydroxyquinoline, the production of the latter 
f rom 3-hydroxykynurenine (I) may be considered to 

On the Intranuclear Environment 
The success that has attended metabolic studies of 

mitochondria has naturally heightened desires in many 
cell physiologists to  accomplish as much in the field 
of nuclear metabolism. Yet, in  spite of all the studies 
of nuclear enzymatic composition, the results have 
been unimpressive. There is available a short list of 
the enzymes that have been classified as  "n~c lear , '~  
but, with one exception (a  pyrophosphorylase), these 
enzymes are  found in the cytoplasm as well. Hopes 
that nucld, like mhchoaidria, wauld show a comple- 
ment of uniquely localized enzymes, and thereby re-
veal directly the metabolic pattern of chromosome 
function, have remained unfulfilled. Some students of 
the problem, because of these results, have favored the 
conclusion that the interphase nucleus is the seat of 
few enzymatic catalyses. Other attitudes of mind have 
resisted the negative interpretation; occasionally a 
single enzyme has been chosen, and attempts have 
been made to wring out a special physiological signifi- 
cance from its presence in the nucleus. Alkaline phos- 
phatase and adenosinetriphosphatase have been so 
used, but no workable perspectives of nuclear metabo- 
lism have resulted from such treatments. The most 

go by way of 3-hydrosykynurenamine (111), the oxi- 
dation of which seems to lead to 4,s-dihydroxyquino- 
l i n e ( I V ) , a s f o l l o ~ v s .  
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coherent-and probably the most fruitful-specula-
tions on a pattern of nuclear metabolism have coni:~, 
not from studies of nuclear enzymatic composition, 
but from studies of enucleation as interpreted by 
Brachet ( I ) . I n  his scheme the nucleus is believed to 
exercise a direct and immediate influence on ribo-
nucleic acid synthesis and phosphate esterification. 
Yet, the scheme skips, and does not solve, the question 
of an internal metabolic organization of the nucleus. 
To be sure, the results of present cytocheinical research 
cannot provide a mechanism f o r  the biochemical activi-
ties of the nucleus postulated by Brachet; but, if one 
avoids the objectives-borrowed from mitochondria1 
studies-of finding the important nuclear enzymes or 
of deciding the arithmetic contributions of the nucleus 
to the enzyme activities of the whole cell, some light 
can be thrown on the nature of the metabolic environ- 
ment in  which chromosomes operate. 

Data on the intracellular distribution of enzymes 
point to the conclusion that chromosomes function in 
an anaerobic environment. I t  was first definitely dem- 
onstrated by Hogeboom et  al. (2) that cytochrome 
oxidase is entirely absent from nuclei, a fact that has 
been shown to hold for  a number cdf tissues. Thus, it  
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i i  reasonably certain that thc particulate systcnr re- division can proceed in the absence of oxygen-is also 
sponsible f o r  the bulk of ter~ilinal oxidation is absent demonstrable. I n  depriving a growing mammalian tis- 
from nuclei. Flavoproteins, which may constitute sue of oxygen, no effect IS noted on cells that have 
either an autonomous aerobic pathway or a link in already entered Into mltosis (9) .  I n  polychaete eggs, 
the aerobic chain between the pyridinc nucleotides inhibition of oxidation has no effect on the intranu- 
and the cytochroir~es, are also absent (3, d ) .  The latter clear formation of the ribonucleic acid and polysac- 
situation is of special interest since flavoproteins, un- charlde necessary f o r  spindle development; under such 
like cytochrome osidas?, are present not only in mlto- anaerobic conditions nuclear division proceeds, but, 
choiidria but also in other structural elements of the by contrast, cytoplasnlic division does not (10). The 
cytoplasni. From the standpoint of cell organization studies of Brachet (11) on nucleated and enucleated 
( 2 ) ,these coherent cytoplasmic elements offer a paral- halves of amebas may also be cited: Under aerobic 
lel u-ith the corehent nuclear elements-the interphase conditions both types maintain their A T P  level equally 
cliro~nosonies-but if the presence of nuc~eo~ro te ins  well, but in  the absence of oxygen the nucleated halves 
in each constitutes a point of similarity, the presence alone succeed, again suggesting that nuclear metabo- 
of flavoproteins in the onc constitutes a marked point lism in the absence of oxygen proceeds without diffi- 
of difference. This is further underlined by the fact culty. 
that cytochrome C, which is partly found in the solu- Assuming that the data is correctly interpreted, the 
ble phase of the cytoplasm, presulnably in contac't question that obviously follows, "Why must chromo- 
~vitlr the more solid framework, cannot be detected in somes metabolize anaerobically?," is not easy t o  an- 
nuc1t.i ( 4 ) .  Thus, while a potential chain f o r  hydrogen swer. One might suppose that, during the evolution of 
transfer exists in the cytoplasm from the reduced cell organization, oxidative inechanisrns were availabre 
pyridine nucleoticles of the soluble phase, via thc to nuclei as  they were to other subcellular structures, 
flavoprotein cytoelirorne C reductases of the coherent and that the exclusion of oxidative mechanisms from 
phase, through mobile cytochrome C to the cytochrome nuclei conferred some evolutionary advantage on the 
osidase of the mitochondria, the reduced coeiizyiiles of genetic complex of the cell. The nature of this hypo- 
the nucleus must rely on other means for  hydrogen thetical advantage may be found in the somewhat op- 
transfer. This difference iriust be of importance since posite require~rients fo r  survlval of genotype and 
the lsespective capacities of nucleoplasrn ancl cytoplasin phenotype, respectively. Survival of the phenotype is 
to effect a primary brealidown of carbohydrate via an aggressive process in which its capacity maximally 
t1,iosephosphate or pliosphogluconate are similar in to convert food to utilizable energy forms like adeno- 
concentra.tion ( 5 ) .Relative nuclear size is of little or sinetriphosphate (ATP)  is of premium value in the 
no account in this matter, and in cells with large course of growth; in this process terminal oxidation 
nucleo-i~ytoplasriiic ratios (thymus, wheat germ), is a decided advantage. Given, however, the dynamic 
~~11er.e inetabolic qualities of the host cell, the persistence of the total production of reduced coenzyme from 
suiah primary carbohydrate oxidation may equal that the genotype-however stable it  might already be in 
of the cytoplas~n, the absence of identifiable path~vays consequence of its molecular organization-would ap-
for aerobic coenzyme 'eoxidation in the nucleus is pear to be better assured in a nucleus where volatile 
given particular emphasis. terrninal oxidations are lacking and where carbohy- 

Support f o r  the idea that chro~nosolnes are adapted drate breakdown, occurring a t  a more readily revor- 
to ~netabolize in an anaerobic environment comes also sible level, subjects the genonie to much less metabolic 
fro111 other sources. Suclenr division is a case in poilit, stress. I n  this connection, the finding of Conger and 
wee, in the course of it, the chroniosomes becoine ex- Fairchild (12) that oxygen causes chromosome break- 
posed in the environment of the cytoplasm, albeit in age is of interest. A T P  stores may be a secondary 
:I state more condensed than during interphase. Rap- factor since the mediation of genetic influences de-
kine ( 6 )  had early pioneered to show that an incrcase pends to a large extent on the utilization of carbon 
in the concentration of reduced thiol groups was a chains (notably, the pentoses) that are more efficiently 
precondition to cell division, thus offering the pointer acquired a t  the expense of a limited carbohydrate 
that special conditions of hydrogen transfer might metabolism of available hexoses than by CO, fixation 
p ~ e v a i l  during cell inultiplication. Later, in studies of a t  the expense of ATP.  This is not to suggest that a 
the anthers of Lilizim and P'~illium,wherc the rela- reciprocity of substrate exchanges fails to take plare 
tively slow rate of division of the germinal tissue pro- between the nucleus and cytoplasm; it is meant to 
\ides a material of choice f o r  following sequential suggest that a measure of autonomy must be attached 
physiological changes, it was possible to demonstrate to the lnetabollsm of the nucleus and that within the 
a relationship betveen the disappearance of the nu- framework of this autonomy the operation of an 
clear membrane and the appearance of a tenlporary anaerobic system is best suited to the metabolic re-
phase of anaerobiosis ( 7 ) .With present knowledge of quirements of the chromosomes. Along this line cgto- 
~r~itochondrialfunction in terminal oxidation, t'e chemical studies have yielded promising information. 
situation is understandable in light of the early ob- HERBERTSTERN 
scrvations of Lewis (8) that mitochondria become Botany Departmemt, U~hic~rs i tyof Penwylt~a&a, 
quiescent during nuclear division. The reciprocal of Philadelphia, and Rockefeller Institute for iPfedica1 
t l i ~  foregoing re1:ttionship-that phases of nuclear Research, Nezc Yorlc 
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Proximal or Distal Mercurial Inhibition of 
Succinic Dehydrogenase in the 
Kidney Tubules of Rat 

In  a recent histochemical paper (1)we reported 
that the administration of mercurophylline to rats re- 
sulted in an inhibition of the succinic dehydrogenase 
of the kidney, which was most pronounced in the thick 
ascending portions of Henle's loops. Later, Wachstein 
and Meisel (2)  and Rennels and Ruskin (3) localized 
the inhibition of succinic dehydrogenase by mercuhy- 
drin, another mercurial diuretic, in the proximal con- 
voluted tubules. Wachstein and Meisel also stated that 
the ascending portions of Henle's loops retained their 
full activity. The highly divergent results prompted 
us to reinvestigate this question using both Novurit 
(4)  (mercurophylline) and Mercuhydrin Sodium (5) 
as diuretics. 

Blue tetrazolium (BT) and neotetrazolium (NT) 
were employed as histochemical indicators for the en- 
zyme. The incubation mixtures were prepared accord- 
ing to Seligman and Rutenburg (6). 

Mercurophylline in subcutaneous doses of 15  to 30 
mg of Hg/kg of weight caused, within 24 hr, an 
almost complete inhibition of succinic dehydrogenase 
in the thick portions of Henle's loops, thus confirming 
our earlier results. This was seen both in BT- and 
NT-preparations (Fig. 1).The activity of the proxi- 
mal convoluted tubules, especially of their straight 
terminal portions, was also clearly reduced. The distal 
convoluted tubules retained a little more of their ac- 
tivity. 

In  contrast, the administration of mercuhydrin in 
the same doses resulted in a very pronounced inhibi- 
tion of succinic dehydrogenase in the proximal con-
voluted tubules, whereas the activity in the distal con- 
voluted tubules, and especially in the thick portions 
of Henle's loops, was only slightly reduced, if a t  all 
(Fig. 1 ) .  These observations are in essential agree- 
ment with the results of previous investigators (2, 3). 

Fig. 1. BT-preparat ions on the  lef t ,  ST-prepara t ions  on 
the r ight .  Top, controls; middle, inhibition pa t te rn  by  
mercurophylline, 15 m g  of Hg/kg of weigh t ;  bottom, in-  
hibition pa t te rn  by  mercuhydrin, 15 m g  of H g h g  .of 
weight. Section thickness, 4 0 ~  

Both of these diuretics contain the same amounts 
of mercury and theophylline. Therefore, the different 
organic components of these mercurials seem to be 
responsible for the diEerence in the enzymatic inhibi- 
tion, probably by modifying their mode of excretion. 
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