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Nettowassertransport mgjcm?2-Stunde:
+ von aussen nach innen, — von innen nach aussen

Absolute Wasserdiffusion ml/em?-Stunde
von aussen nach innen

Inneres Medium
Ringerltsung

Inneres Medium Ringer-
Issung + Adrenalin HCl 10~°

Ausseres Medium
NaCl 6,5°/,,

Ausseres Medium
NaCl 6,5°/,,

Inneres Medium Ringer-
Iosung + Adrenalin Cl 109

Inneres Medium
Ringerlosung

Ausseres Medium
NaCl 6,5%,, in H,0 + D,0

Ausseres Medium
NaCl 6,5%, in HyO + D40

+3,48 +1,12 ~4,76 + 2,85
m + 0,40 m 4 1,16
n=_8 n==6

0,258 - 0,032 0,285 + 0,017
m -+ 0,019 m + 0,008
n=3 n==6

m - = Wahrscheinliche Abweichung des mittleren Wertes.

+ = Wabhrscheinliche Abweichung des einzelnen Wertes.

n = Zahl der Experimente,

wobei 4, die Temperatur bezeichnet, bei welcher der
Schwimmer im gewohnlichen Wasser sich vom Boden
lost; ¢ ist die Temperatur, bei welcher der Schwimmer
in der unbekannten D,0-Lésung emporsteigt, d, ist die
Densitiat des gewshnlichen Wassers bei Temperatur ¢,
d, die Densitit des gewdhnlichen Wassers bei Tempera-
tur ¢, dy/d; ist das Verhiltnis zwischen der Densitdt von
D,0 und H,O bei Temperatur ¢, M,/M, ist das Verhilt-
nis zwischen den 2 entsprechenden Molekulargewichten,
3 fist der volumetrische Dilatationskoeffizient des Pyrex-
glases (=1075) und ¢ = 0,999984.

Wenn wir als dusseres Medium eine D,0-Lésung be-
nutzen (3,5-5%) und mit C% und C, die D,0-Konzen-
tration des dusseren Mediums am Anfang des Experi-
mentes und nach einer Stunde bezeichnen, kann man
die absolute Wasserdiffusion von aussen nach innen in
ml/Stunde (@,,) mit der folgenden Formel berechnen:

vh+ Vo
T o @
ce Co Ve, veo, Mo
R % T (e p—
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Ve, Ve,

wobei V% und V9 die Volumina des inneren bzw. des
dusseren Mediums sind.

Um die obige Gleichung abzuleiten, setzten wir vor-
aus:

a) dass die Wasserdiffusion wéhrend des Experimen-
tes konstant sei;

b) dass die Wasserdiffusion in beiden Richtungen als
gleich betrachtet werden kann.

c) dass man ohne grossen Fehler die Tatsache unbe-
achtet lassen kann, dass immer ein Gleichgewicht zwi-
schen D,0 und H,O besteht und dass die prozentige
molare D,0-Konzentration nicht ganz identisch ist mit
der prozentigen volumetrischen D,0-Konzentration.

Es wurden auf diese Weise die Werte der abscluten
Wasserdiffusion von aussen nach innen, unter dem Ein-
fluss des Adrenalins im inneren Medium, gesammelt
(Tabelle).

Neben der Bestimmung der absoluten Wasserdiffu-
sion von aussen nach innen haben wir auch den Netto-
wassertransport in derselben Richtung, unter dem Ein-
fluss des Adrenalins im inneren Medium, bestimmt.

Das Verfahren, welches wir zur letzteren Bestimmung
befolgten, ist schon vertffentlicht worden?.

Alle Experimente wurden an Froéschen durchgefiihrt,
die im selben Monat gefangen worden waren.

1 Vv, Carraro und M. Tisnco, L. c.

Die restlichen hier wiedergegebenen Werte sind schon
verdffentlichten Arbeiten entnommen?.

Aus der Tabelle kann man ableiten, dass das Adrenalin
die absolute Wasserdiffusion durch die Froschhaut nicht
dndert und dass somit die Wirkung des Adrenalins auf
den Nettowassertransport nicht einer Anderung der Was-
serpermeabilitit bei einem Diffusionsprozess zuzuschrei-
ben ist, sondern einer Anderung des aktiven Wasser-
transportes?!.

Wir danken den Herren Prof. G. Borra und Ing. M. SILVESTR1
vom CISE in Mailand, die uns das D,0 zur Verfiigung stellten und
uns fiir die Technik mit ihrem Rate beistanden.

V. CaPrarO und J. FRANCESCHINI 2

Biologisches Laboratorium des Institutes «C. Erbas
fiir therapeutische Forschungen, Mailand, und Institut
fiir allgemeine Physiologie, Urbino, den 16. Januar 1952.

Riassunto

Vengono riportati dei dati sul passaggio assoluto di
acqua attraverso la cute di Rana esculenta sotto l'in-
fluenza dell’Adrenalina; questi dati sono stati ottenuti
con ’aiuto del Deuterio come indicatore.

Da essi viene confermata l'ipotesi che 1’Adrenalina
non modifica la permeabilita passiva all’acqua, ma solo
il trasporto attivo.

1 V.Carraro und M. TiENGO, L c.
2 Mit der Hilfe von F. Poy, Chemotechniker,

On the Desoxyribonucleic Acid Content
of Sea Urchin Gametes?

The far-reaching biological effects of the union be-
tween a sperm cell and an egg cell have prompted many
investigations of the quantitative distribution of various
components of these cells and especially of their nuclei.
In view of the remarkable proportionalities, first sug-
gested by the work of Boivin ef al.? as characteristic of
the desoxypentose nucleic acid (D.N.A.) contents of
haploid and diploid nuclei of a species, it is not surprising

1 This report is from a dissertation to be submitted by Davip
ELson in partial fulfilment of the requirements for the degree of
Doctor of Philosophy in the Faculty of Pure Science, Columbia
University.

2 A. Bowviy, R.VenpreLy, and C. Venprery, C.r. Acad. Sci.
Paris 226, 1061 (1948),
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that much interest has centered on this nuclear constit-
uent.

Recent reports have indicated that the D.N.A. content
of the unfertilized sea urchin egg exceeds that of the
sperm cell of the same species by more than a hundred-
fold. The following values may be quoted from the
literature (in 107¢ micrograms per single cell). (1) On the
basis ot phosphorus distribution!: Arbacia®sperm, about
21 to 30; egg, 700 to 1000. Avbacia punctulata egg?, 90.
(2) On the basis of the reaction of desoxy sugar with
diphenylaminet: Arbacia aequituberculata® sperm, 0-7;
egg, 220. Paracentrotus lividus spermb, 0-67. It is prob-
able that methods of this type, when applied to biological
material of such low D.N.A. content as the egg, yield
extremely questionable results, mainly owing to their
lack of specificity and to the interference by substances
other than those assayed.

In the present study, an attempt was made to in-
vestigate the problem by a different and more specific
method, namely, a microbiological assay of thymine. An
E. coli mutant (American Type Culture Collection No.
11117¢), kindly supplied by Dr. R. R. RoEPKE of the
American Cyanamid Company, Stamford, Connecticut,
that required thymine for growth, formed the basis of
the assay. The organism used here was a variant isolated
by Dr. S. ZaMENHOF from cultures of this mutant. When
cultivated on thesyntheticmediumspecified by ROEPKE?,
to which DIFCO Proteose Peptone No. 3 had been added
in a 0-029% concentration, the growth response of this
organism, greater than that of the parent mutant, was
proportional to the concentration of the thymine supple-
ment over a limited range (0-04 to 0-23 ug of thymine
per cubic centimetre of medium). Unpublished work by
P. L. FitzGERALD and S. ZAMENHOF in this laboratory
has disclosed no other growth-promoting substances;
but certain purine and pyrimidine compounds, at re-
latively large concentrations, were found to inhibit mul-
tiplication.

The biological materials studied were sperm cells and
unfertilized eggs of the sea urchin Paracentrotus lividuss,
After preliminary separation of the acid-soluble, lipid,
pentose nucleic acid and D.N.A. fractions?, the D.N.A.
portion was further purified by three extractions at 90°
with 79, trichloroacetic acid?. After the hydrolysis of
the Iyophilized extract with conc.formicacid (98-1009,)11,
the mixture was evaporated and the residue washed with
ether and then extracted four times with water. The
combined aqueous extracts are designated as hydro-
lysate in the following discussion. When a pure D.N.A.
preparation or a fraction rich in D.N.A., whose thymine
content had been determined accurately by paper chro-

1 G. Scumipt and S. J. THANNHAUSER, J. Biol. Chem. 161, 83
(1945).

? G. ScumipT, L. HECHT, and S. J. THANNHAUSER, J. Gen. Phy-
siol. 31, 203 (1948).

3 R. K. CRANE, Biol. Bull. 93, 192 (1947). — Calculations based
on R, BALLENTINE, J. Cell. Comp. Physiol. 15, 121 (1940).

4 Z. DiscuE, Mikrochemie 8, 4 (1930).

5 C. VenpreLy and R. VENDRELY, C. r. Soc. Biol. 743, 1386
{1949),

8 R. R. RoepkE and F. E. MERCER, J. Bact. §4, 731 (1947).

7 R. R. RoEpPkr, R. L. Lispy, and M. H. SmMaLL, J. Bact. 48, 401
(1944).

8 We are greatly indebted to Prof. J. RunnstrémM and Dr.
T. Gustarson of the Wenner-Gren Institute of Experimental Bio-
logy, University of Stockholm, for these preparations.

% G. Scumipr and S. J. THANNHAUSER, J. Biol. Chem. 161, 83
(1915),

10 W, C. ScHNEIDER, J. Biol. Chem. 161, 293 (1945).

1 E, Viscuer and E. CHARGAFF, J. Biol. Chem. 176, 715 (1948).
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matography and spectrophotometry?!, was subjected to
the same fractionation procedure, similarly prepared
hydrolysates were found to contain about 80% of the
thymine present in the starting material.
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Fig. 1.-Each point represents optical density (at 420 my) of the bac-
terial culture in one tube containing (1) 0-4 em® basal medium;
(2) an aliquot of the hydrolysate assayed for thymine, the volumes
being plotted as the abscissa; (3) an aliquot of an aqueous sclution
containing pure thymine in the following amounts per tube: 4,
0-0430y; B, 0-0215p; C, 0-0784y; D, 0:0588 y; (4) dist. water to
final volume of 0-50 cm3.
Each tube was inoculated with onc drop of a 24 h nutrient broth
culture of the E. cold mutant, diluted 10,000 times with physiological
salinc. In each assay, a third set of tubes from which the inoculum
was omitted served as optical blanks for the turbidity measurements
in the microcell attachment of the Beckman spectrophotometer. The
cultures were incubated at 37°: 4 and B for 24 h, C and D for 15 h.
Two intermediate points of curve D were lost by accident and a third
(16 ul) was ignored in computing the results. One cm3 of the hydro-
lysate represented 0-0439 mg of dry sperm (containing a total of
685y D.N.A) and 150-4 mg of dry eggs (containing a total of
16-4y D.N.A.).

Since the hydrolysates prepared from the eggs con-
tained unidentified substances causing partial inhibition
of growth, the assays were conducted in a manner de-
signed to diminish errors due to inhibitory or synergistic
effects of substances other than tymine. The arrange-
ment is exemplified in Figure 1 which shows both a
thymine determination in sperm and the best assay of
an egg hydrolysate. As can be seen, different aliquots of
the hydrolysates were assayed, after the addition of
known amounts of thymine, in two series, each at a
different level of thymine concentration. When the tur-
bidity of the bacterial culture (expressed as E,,) is
plotted against the volume of the hydrolysate added,
two parallel straight lines of positive slope should be
obtained, affording a criterion of the validity of the
assay. The differences in readings for adjacent points on
the same curve are averaged to give the turbidity due to
a known volume of hydrolysate. The differences between
corresponding points on the two curves give the tur-
bidity due to a known amount of thymine acting in the
presence of whatever extraneous substances were in-
troduced with the hydrolysate. Owing to the sensitivity
of the method, a complete assay can be carried out with
a hydrolysate containing a total of about 0-3 ug of
thymine.

The thymine values so obtained were multiplied by
1-25 to correct for losses during the preparation and con-
verted to values for total D.N.A. by multiplication with
a factor of 8-2, derived from the detailed analysis of pure
D.N.A. isolated from Paracentrotus lividus sperm in this
laboratory?. Direct cell counts of sperm were made with
an improved Neubauer hemocytometer. The lyophilized
cgg preparations could not be subjected to counting.

1 E. ViscHER and E.CHARGAFF, J. Biol. Chem. 176, 703 (1948).
? I. CHARGAFF, R. Lipsuirz, and C. GREEN, J. Biol. Chem. 195,
155 (1952).
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A figure of 4500 eggs per milligram of dried Paracentroius
eggs was derived from data provided by Ouman?® and
GUSTAFSON {private communication).

Paracentrotus sperm was analyzed by three indepen-
dent methods, namely, by means of the microbiological
assay described here, by the colorimetry of the reaction
product with diphenylamine, and, most accurately, by
the quantitative determination of the individual purines
and pyrimidines? after the hydrolysis of the D.N.A.
fraction with concentrated formic acid. The values found,
as 107% yg D.N.A. per sperm cell, were, respectively,
1 0 1-1, 1-0. This corresponds to a D.N.A. content of

4, of the dry weight.

The thymince content of Paracenirofus eggs was so low
(corresponding to a D.N.A. content of about 0-01 9, of
the dry weight) that only the microbiological assay could
be employed; and even with this method the results are
subject to some uncertainty. Five assays of two batches
of unfertilized eggs, collected at different times, gave an
average value of 28 x 1078 ug of D.N.A. per egg. The
most reliable individual determination corresponded to
a D.N.A. content of 24 x 107¢ ug per egg. No signifi-
cant difference between the two batches was observed.

The D.N.A. contents of the nuclei of sea urchin gam-
etes are unknown, nor can the contribution by the polar
bodies be cstimated. When the sperm and egg analyses
reported here are compared, it appears not unlikely that
in sea urchin eggs D.N.A. is not limited to the nucleus.
Indications of the existence of extranuclear D.N.A. in
eggs have been reported recently3. 'What should, how-
ever, be stressed is that the differences in the D.N.A.
contents of whole egg and of sperm recorded in the
present study are of a less dramatic order of magnitude
than those reported for sea urchins by other workers.
It is obvious that the problem of the D.N.A. analysis of
biological materials low in this constituent can hardly
be solved in a general manner, before better methods
become available4.

This work has been supported by research grants from the Na-
tional Institutes of Health, United States Public Health Service, and
the Rockefeller Foundation.

D. ErsoN’ and E. CHARGAFF

Cell Chemistry Laboratory, Department of Biochem-
istry, College of Physicians and Surgeons, Columbia Uni-
versity, New York 32, N. Y., January 22, 1952.

Résumé

Nous avons déterminé les quantités d’acide désoxyri-
bonucléique contenues dans les spermatozoidesetles ccufs

1 L. 0. Onwmax, Arkiv Zool. [A] 36, No. 7 (19-44).

2 E.ViscHER and E. Cuarcarr, J. Biol. Chem. 176, 703, 715
(1948). —~ E. CHARGAFF, E. ViscHER, R. DonIGER, C. GREEN, and
F. Mrsan1, J. Biol. Chem. 177, 405 (1949). — E. Cuarcarr, R. Lip-
sHITZ, C. GREEN, and M. E. Hobpgs, J. Biol. Chem. 192, 223 (1951). -
Compare also E. CHARGAFF, Exper. 6, 201 (1950); J. Cell. and
Comp. Physiol. 38, suppl.1, 41 (1951); Federation Proc. 10, 654
(1951).

3 F. ScHRADER, Science 114, 486 (1951). — H. L. FRAENKEL-
ConNraT, W. H. WaARD, N. S. SNELL, and E. D. Ducay, J. Am. Chem.
Soc. 72, 3826 (1950). — H. L. FraenkeL-CoNraT and E. D. Ducay,
Biochem. J. 29, XXXIX (1951).

4 Note added in proof—A microbiological assay of desoxyribosides
and its application to their estimation in frog's eggs have come to
our attention after the submission of this paper: E. HOFF- JORGENSEN,
Biochem. J. 60, 400 (1952). — E. HOFr- JORGENSEN and E. ZEUTHEN,
Nature 169, 245 (1952).

5 U. S. Public Health Service Research Fellow.
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vierges de Yoursin Paracenirvotus lividus. Ces détermina-
tions, faites au moyen d’une méthode microbiologique
pour le dosage de la thymine, ont donné les résultats
suivants: sperme 1,0 X 107%, ccuf environ 25 x 107 ug
d’acide désoxyribonucléique par cellule.

Zur Frage der Begleitstoffe in gonadotropen
Hormonpriparaten

Es gibt eine Gruppe von Substanzen vom Charakter
der Mucopolysaccharide, die von gewissen bakteriellen
Enzymen und der «enzymatischen Komponente» dev
Viren der Influenzagruppe gespalten werden. Solche
Stoffe kénnen als Inhibitoren der Virus-Hdmagglutina-
tion (HirsT) funktionieren und durch Einwirkung von
«receptor destroying enzyme» (RDE.), einem Produkt
von Vibrio cholerae, oder beim Kontakt mit Influenza-
virus diese inhibitorische Eigenschaft einbiissen. Stoffe,
wie Ovomucin?, Francis Inhibitor (= unspezifischer Se-
ruminhibitor der Influenzavirus-Himagglutination?),
Blutgruppensubstanzen, Ovarialzystenschleim?, Serum-
gonadotrophin?, diverse Urinextrakte$, gelten deshalb
als dem enzymatischen Abbau zuginglich. Im Falle des
Ovomucins sind auch Abbauprodukte schon beschrieben
worden®,

Tabelle 1

Inhibitorische Wirksamkeit verschiedener Harnextraktstoffe und
gonadotroper Hormonpriparate gegen die Virus-Himagglutination

Inhibitionstiter,
reziproke
Verdiinnungswerte

Inhibitor

Extrakt aus Schwangerenharn:

400 Hormon-E/mg . . 64000
Extrakt aus Schwangerenharn:

750 E/mg . . . 512000
Extrakt aus Harn khmakternschcr

Frauen, 200 E/mg 128000
Extrakt aus Minnerharn 128000
Priaparat aus Stutenserum:

200 E/mg . . < 1000
Priparat aus Schafshypoph) sen . < 1000

Hemmung von 4 Hamagglutinationsdosen von erhitzter (30 min auf
56°C) PRS8-Influenzavirus-Allantoisfliissigkeit gegen 0,89 Hiihner-
erythrozyten.

In unseren chemischen Laboratorien von BeENZ nach
dem gleichen Verfahren gewonnene Harnfraktionen wur-
den aufihre virus-hdmagglutinationshemmende Wirkung
untersucht, danach dem auch fiir die Gewinnung gonado-
tropen Hormons geeigneten Verfahren vermutet werden
konnte, dass sie mucopolysaccharidartige Stoffe cnt-
halten konnten. Tabelle I zeigt, dass eine Reihe dieser
Fraktionen stark hemmend auf die Influenzavirus-
Himagglutination wirken. Gonadotrop hormonal wirk-
same Harnpriparate unterscheiden sich hierin nicht von

1 F.M.BurNET, Austr. J. Exp. Biol. Med. Sci. 27, 245 (1949).

2 F. M. BurneT, J. F. McCrEA und S. G. ANDERSON, Nature 160,
404 (1947).
3 F, M. Burner, J. F. McCrEa und 8. G. ANDERSON, Nature 160,
404 (1947). —~ W. T. J. MorGAN, Nature 158, 759 (1946).

4 W, K. WiirteN, Nature 163, 534 (194())

5 J.Taus und F. L. HORSFALL, Proc. Soc. Exp. Biol.
108 (1950).

6 A. Gorrscuarx und P. E. Livp, Nature 164,
A, GorrscuaLk, Nature 767, 845 (1931).

Med. 74

232 (1949). —



