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beschreibt, sollte eine Auftragung von k  gegen [OHe ] 
einen Ordinatenabschnitt ergeben, der eine Berechnung 
von kim erlaubt. Abb. 2 zeigt eine solche Auftragung 
und läßt erkennen, daß die Geraden durch den Null­
punkt gehen, d. h. daß das Imidazol an der Hydrolyse­
reaktion nicht beteiligt ist, obwohl auf Grund der 
Struktur der Verbindungen eine intramolekulare Ba­
senkatalyse durch den Imidazolrest begünstigt ist.

Zur Ermittlung der Aktivierungsparameter der Hy­
drolysereaktionen wurde die Temperaturabhängigkeit 
der Geschwindigkeitskonstanten gemessen. Die Ergeb­
nisse dieser Messungen sind aus Tab. 2 zu entnehmen.

Ver­ pH k • 102 [M in.-1]
bindung 35° 50° 65°

1 a 10,0 1,83 9,68 25,0
lb 10,0 1,38 6,00 19,8
l c 10,5 1,36 4,19 9,95

Tab. 2. Temperaturabhängigkeit der Geschwindigkeitskon­
stanten k der Esterhydrolyse.

Die mit Hilfe dieser Werte errechneten Aktivierungs­
parameter der Hydrolyse sind in Tab. 3 aufgeführt. 
Wie man sieht, stimmen die zlG*-Werte für alle drei 
Verbindungen überein. Für Imidazol-4-carbonsäure- 
methylester findet man dagegen AH*- und JS*-Werte, 
die von denen der Imidazolpropionsäureester verschie­
den sind; darin kommt eine Kompensation von steri­
schen und Solvatationseffekten bei der Hydrolyse dieses 
Esters zum Ausdruck. Für die Imidazolpropionsäure­
ester stimmen auch AH* und AS* trotz sehr unter­
schiedlicher Alkoholkomponente überein. Das bedeutet, 
daß bei beiden Verbindungen der gleiche Übergangs­

zustand der Hydrolyse auftritt. Der fast doppelt so hohe 
negative z4S*-Wert für den Imidazol-4-carbonsäureester 
im Vergleich zu den Imidazol-4-propionsäureestem 
weist darauf hin, daß der aktivierte Komplex des Imi- 
dazol-4-carbonsäureesters weniger begünstigt ist, als 
der der Imidazol-4-propionsäureester.

Ver­ AH * AG* A S*
bin­
dung [kcal/Mol] [kcal/Mol] [cal/Grad.Mol]

1 a 17,3 23,07 -  17,9
lb 17,7 23,39 -  17,8
l c 13,0 23,61 - 3 2 , 8

Tab. 3. Aktivierungsparameter der Esterhydrolyse.

Aus den Befunden ergibt sich, daß der Imidazolrest 
die Hydrolyse der untersuchten Ester weder in einer 
m£er-molekularen noch mira-molekularen Katalyse be­
schleunigt. Serinester zeigen im allgemeinen eine Reak­
tivität, die man für Ester mit elektronenanziehenden 
Substituenten in der Alkoholkomponente erwartet1. Die 
relative Labilität des 0-[Imidazol-4-(5)-propionyl]-iV- 
Acetylserinamids ist dadurch hinreichend erklärt.

Vergleicht man diese Ergebnisse z. B. mit der durch 
Imidazol basenkatalysierten Hydrolyse des V,0-Diace- 
tylserinamids i , so ist u. a. zu berücksichtigen, daß diese 
Versuche in Imidazol-Puffern durchgeführt wurden, 
d. h. Imidazol gegenüber dem Ester in großem Über­
schuß vorhanden war.

Dem Fond der Chemischen Industrie und der Deutschen 
Forschungsgemeinschaft danken wir für die Unterstützung der 
Arbeit.
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While fractionating denatured DNA molecules from 
eukaryotic cells through hydroxyapatite (HA) 
column \  it was seen that the elution profiles 
of DNA, denatured in absence and in presence 
of formaldehyde (hereafter called sample A and sample 
B respectively), were different under identical condi­
tions of fractionation (Fig. 1 c and d). Elution profiles 
of sample A in presence and in absence of formalde­
hyde in the eluting buffer were also different (Fig. 1 c 
and b). In either case, when formaldehyde was pre-
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sent, greater quantity of denatured molecules ap­
peared at a lower molarity of the eluting buffer. How­
ever, it is well known that the conformations of DNA 
in the two samples are different1. Except for a few 
native or native-like (double-stranded molecules with 
disordered regions) molecules, the bulk of the mole­
cules in sample A were randomly coiled single poly­
nucleotide strands as against extended single strands 
of sample B. In this communication, it is further shown 
that random coils of sample A are also extended when 
they are stored in presence of formaldehyde at room 
temperature. These changes in conformation satisfacto­
rily explain the above differences in elution profiles.

From the osmotically hemolysed erythrocytes of an 
amphibian, toad (Bufo melanostictus), DNA was iso­
lated as described earlieri . The preparation of HA 
column material and the chromatography on that 
column were done by the step-wise elution technique 
as described by B e r n a r d i  2.

1 D. K. C h a t t o r a j ,  J. C h a k r a b o r t y ,  and P. S a d h u k h a n ,  
J. elec. Micros. 18, 272 [1969].

2 G. B e r n a r d i ,  Biochim. biophysica Acta [Amsterdam] 174, 
435 [1969].
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FRACTION NUMBER  
■*0.005*- *0.05- *0.1* *-0.15* *-0 .2 -*0 .25 * *0 .3 *

SALT MOLARITY

Fig. 1. Stepwise-elution of toad DNA (total 120 fig) loaded 
to 1 .2 x 4  cm hydroxyapatite column, with phosphate buffer 
(pH 6.8) containing 1% formaldehyde (except for curve b). 
3 ml fractions were collected, a) Native DNA. b) Sample A 
(20 //g/m l DNA heated at 100 °C for 10 min in 0.15 M NaCl 
and then rapidly chilled; relative absorbance 1.2) but eluted 
without formaldehyde, c) Sample A. d) Sample B (20 ,«g/inl 
DNA heated at 92 °C for 10 min in 0.15 M NaCl +  1% form­
aldehyde and then rapidly chilled; relative absorbance 1.4).

Heat-denatured and rapidly cooled DNA (sample A) 
consisted mainly of randomly-coiled single strands 
except for about 5% native or native-like molecules 
(Fig. 2 *). However, the random coils were double­
stranded over most of the regions by intrastrand fold­
ing and sparsely showed single-stranded regions. These 
structures eluted through HA without any detectable 
change in conformation in absence of formaldehyde 1. 
But when the eluting buffer contained formaldehyde, 
the random coils were found to be very much uncoiled 
(Fig. 3). The native or native-like molecules, however, 
remained intact. In order to check, whether this change 
in conformation was due to the adsorption-desorption 
process itself or formaldehyde alone, the sample A was 
incubated in presence of formaldehyde (Fig. 6). The 
cubated sample when micrographed after about 4 hrs., 
the time for which the DNA sample of Fig. 3 was ex­

* Figs. 2 — 5 see table page 1318 a.

posed to formaldehyde during and after the chromato­
graphy experiment before electron microscopy, un­
coiling was noticed once again (Fig. 4). Conformational 
and spectral characteristics of the sample now became 
identical to those of sample B (Fig. 5). In this case 
also, the native or native-like molecules were un­
affected.

As far as is known, the only property of the poly­
nucleotide strands concerned with HA chromatography 
is their linear charge density2, the single strands by 
virture of their lower linear charge density separate 
at a lower molarity of the eluting buffer than the 
double-stranded native DNA. On this basis as also 
from the evidence reported above, the discrepancies in 
the elution profiles can now be explained: (i) Since 
sample A is mostly in double-stranded form by intra­
strand folding (Fig. 2) they should elute at a higher 
molarity than the extended single strands of sample B 
(Fig. 5) and that is what has been found by experi­
ment. (ii) The hyperchromism of sample A when re­
acted with formaldehyde after cooling (Fig. 6) was 
observed previously 3. It is further seen that even during

Fig. 6. Reaction of denatured DNA with formaldehyde. The 
DNA sample heated at 100 °C for 10 min in 0.15 M NaCl in 
0.01 m  phosphate buffer (pH 7 .0 ) ,  rapidly cooled and then 
reacted with 1% formaldehyde at 30 °C. Relative absorbances 
plotted against time of incubation in presence of formalde­
hyde. The arrow marked points give the relative absorbance 
when the incubed sample was further heated (100 °C for 
10 min) and rapidly cooled. The curve at 258 m/u ( —o —) 
follows denaturation and the one at 275 m/u, ( —• —) deter­

mines hydroxymethylation.

the span of the chromatography experiment, formalde­
hyde can break open the random coils into open 
structures to an appreciable extent (Fig. 4). Since the 
single-stranded regions of the random coils now pre­
dominate over the double-stranded one, shift of the 
elution profile, in presence of formaldehyde, towards 
lower molarity is but expected.

3 N. K. S a r k a r  and A. L. D o u n c e ,  Biochim. biophysica Acta
[Amsterdam] 49, 160 [1961].
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The extension of the random coils in presence of 
formaldehyde at room temperature can be explained 
as follows. It is well known that formaldehyde reaction 
is only possible with free amino groups of polynucleo­
tides and as such no reaction is expected with the 
nucleotide pairs of native DNA or the intrastrand 
pairs of denatured DNA (random coils). In other 
words, rupture of inter- or intrastrand H-bonds is 
a prerequisite for formaldehyde reaction. Hydrogen ex­
change studies, however, have suggested that even at 
low temperatures (well below melting region), the 
strands of DNA frequently open and rejoin4. The 
opening of the strands can thus set free the amino 
groups for formaldehyde reaction which, if it takes 
place, will prevent rejoining. With sufficient incuba­
tion, this process would lead to complete extension 
of the random coils as has been observed in the present 
experiments.

The following conclusions can be made, (i) The 
secondary structure of heat-denatured DNA is not 
altered by the adsorption-desorption process, (ii) Hy-

4 M . P . P r i n t z  a n d  P . H . v o n  H i p p e l . P ro c . n a t. A cad . Sei.
USA 53,363 [1965].

perchromism of formaldehyde reacted sample (Fig. 6) 
steadily rises up to about 2 hrs. and continues slowly 
thereafter. The time required in step-wise elution is 
also about 2 hrs. and, as such, enough change in the 
secondary structure of the single strands is possible 
even during fractionation. The shape of the elution 
profile, in presence of formaldehyde, is thus not only 
dependent upon the time that elapses during fractiona­
tion but also on the interval after which the absorbance 
measurements are done, (iii) Since the native or 
native-like molecules practically remain unaffected 
during the time the random coils are completely ex­
tended, it appears that the intrastrand binding of the 
random coils is not as strong as that existing between 
the twin strands of native molecules, (iv) The concept 
of frequent opening and closing of nucleotide pairs 
even under conditions of maximal stability is indirectly 
supported from the present study.

The author is indebted to Prof. N. N. D a s  G u p ta ,  D r. P. 
S a d h u k h a n  and D r. J. C h a k r a b o r t y  for various helps. He 
is grateful to M r. U. C h a u d h u r i  for standardizing the HA 
chromatography technique. Financial assistance was received 
from the Department of Atomic Energy, Government of India.
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A general picture of the patterns of RNA synthesis 
during development has emerged in the last few years 
especially for sea-urchin 2 and Xenopus 3. D e n i s  sums 
up the findings of B r o w n  and his colleagues on Xeno­
pus RNA with the help of a number of graphs so that 
transcription of different RNA fractions during deve­
lopmental stages can be well visualised.

Such a study has now been carried out on Limnaea 
with the help of ion-agar electrophoresis. In the present 
note the transcriptoin pattern of 4 S RNA is being 
reported. Fertilized eggs before first cleavage, early 
and late morula, trochophores and veligers were in­
vestigated.

Following an earlier method4, Limnaea eggs or 
embryos were kept in 32P (phosphoric acid) solution 
in Tris buffer such that final pH was about 7.2. 
Normal development in this medium was checked at 
first. 25 — 100 /uC of radioactivity was used. RNA was 
extracted with the hot phenol method 4 and the radio-
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active RN A was m ixed with the m arker R N A  from  
E. coli. Part of this RN A solution in 0.1 ml of 20% 
potassium  acetate and 0.1 ml of 0.1 M sodium  chloride 
was introduced in the groove cut in a gel of 1.25% 
ion agar (dissolved in citrate phosphate buffer of pH  
8) layered over a m icroscope slide. Electro-phoretic  
runs of 60 — 75 m inutes using the sam e citrate phos­
phate buffer at a voltage of 350 and current 29 mA  
could generally separate the three bands of marker 
R N A. T s a n e v 5 and H a d j io lo v  et a l . 6 showed ear­
lier that electrophoresis gives essen tia lly  the sam e re­
sults as density gradient and the heaviest R N A  frac­
tion lies nearest the origin. These facts as w ell as our 
comparative results with density g ra d ien t7 strongly  
suggest that the markier bands are 23 S, 16 S and 4 S 
respectively, starting from origin.

W e therefore estim ated the new ly synthesized R N A  
with the help of counts in different regions of the slide. 
The slide was stained and at the sam e tim e washed by 
putting it into a mixture of phosphate buffer and 
Toludine blue (final conc. of Tol. blue 0.1% ). After  
the marker bands were v isib le, the bands and the 
regions in between the bands and pre 23 S and post
4 S regions wTere also cut out with shaving blades and 
washed overnight in phosphate buffer. The separation  
of bands is good only when a com paratively sm all

4 R. L. B r a h m a c h a r y ,  K. P. B a n e r j e e ,  and T . .  K. B a s u ,  
Exp. Cell Res. 51,177 [1968].
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38. 496 [1969].


