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opinion arnong physicists and engineers as to the order 
or importance of the definitions of some of the physi- 
cal quantities, particularly those having to do with 
electric and magnetic fields. 

Those arnong the purest of inathernaticians who fear 
too rnuch contamination with the world of matter will 
probably shudder at the staternent on page 16 to the 
efl'ect that over a given range a function of x may 
always be represented by a curve with the slope as 
its derivative. However, such matters are mentioned, 
not as criticisms, but to clear the conscience of the 
reviewer. I n  the same category are such slatements 
as the definition of matter, on page 26, as a physical 
entity which possesses mass. Personally, this reviewer 
is happy with the thought, even though the entity 
concerned is a quantum of radiation. However, sornc 
rnight question the definition if they were looking for 
trouble. Perhaps the definition coming nearest to the 
realin of inviting valid criticism is that of kinetic 
energy, which is defined as mvZ/2, where m is the 
niass and v the velocity. Even in the domain of elec- 
trical engineering, when approaching such modern 
appliances as are involved in cyclotrons, etc., and even 

in some problems of therrnionics, one has to recognize 
the relativistic significance of kinetic energy. 

Again referring to the rnatter of definitions, one 
who read the book without already having established 
in his rnind a consistency of order in the matter of 
definitions might become confused when, on page 30, 
he reads that ('an electric current through a surface 
is the time rate a t  which positive or negative electricity 
passes through the surface" and finds that, up to this 
point, he has had no definition of a quantity of elec- 
tricity in the numerical sense. IIowever, the book is 
intended l~rirnarily for those who have stabilized their 
thoughts on these matters, and for such it is an invalu- 
able work, both as regards its scope and presentation. 

The book carries a very copious index of sorne fifty 
or rnore pages, which adds materially to its value. 
Those responsible for the preparation of this work 
deserve the greatest coinmendation and the gratitude 
of a11 students of electrical science. 

SPECIAL ARTICLES 

ANTIBACTERIAL PROPERTIES OF PROTA- 

MINE AND HISTONE 
ITis known that antibacterial 'compounds such as 

grarnicidin and anionic detergents attack with alrnost 
cornplete selcctivity only Gram-positive rnicro-organ- 
isrns.l- 2. I t  has been demonstrated that the activity 
of these compounds is inhibited by phospholipids.." 
The possibility has been suggested that the inability 
of gramicidin and anionic detergents to inhibit most 
Grain-negative bacteria rnay be caused by the phos- 
pholipids of these organi~rns.~. On this basis, it  j*." 

seerned possible that cornpounds sucli as protarnine 
sulfate which are known to precipitate cephalin5 
might cause Gram-negative micro-organisms to be-
come susceptible to these selective inhibitors. I n  test- 
ing this hypothesis we found that (a)  certain selective 
inhibitors in the presence of protarnine became active 
toward the Gram-negative organism Escherichia coli, 
and (b) the basic proteins protamine and histone 
themselves possess anti-bacterial properties. 

Despite the extensive literature on protanlines, their 
antibacterial properties appear to have been largely 
overlooked except for the isolated observation of Mc-

1R. J. Dubos and R. D. I-Iotchkiss, Trans. and St.udies 
Goll. Phys. Philadelphia, 10: 11, 1942. 

2Z. Baker, R. W. Harrison and B. F. Miller, Jour. Exp. 
Med., 73: 249, 1941. 

"bid., 74: 611, 1941. 
4 Ibid., 74: 621, 1941. 
5E. Chargaff and M. Ziff,Jour. Biol. Chem., 131 : 25, 

1939. 

CleanG that protamine inhibited the growth of Eber-
Lhella typhosa. This investigator also found that both 
protamine and histone inhibited the growth of vac-
cinia virusi7 and Heiner, dcBeer and Green recently 
showed that the respiration of Trypanosoma equi- 
pe+dum was partially inhibited by these compound^.^ 

I n  our experiments, metabolic effects were measured 
in Warburg respirorneters as previously de~cribed.~ 
Each vessel contained fro111 5 to 15  billion organisms 
suspended in 3.0 rnl of 0.038Bf phosphate buffer con- 
taining 0.02Jf glucose. Bactericidal power was deter- 
mined by the B. U. A. phenol coefficient technique 
with the following modifications : (a)  washed cells 
were employed, and were exposed to the test corn-
pounds for 5-, 15- and 45-minute periods, and (b) 
all tests were performed a t  37' C. For the experi- 
ments with protamine several samples of salmine sul- 
fate obtained from Dr. George A. Harrop, of E. R. 
Squibb and Sons, were used. The histone was pre- 
pared frorn fresh calf thyrnns by the rnethod of Felix 
and I I a r t ene~k .~  

~ ~ i t h ~ ~a typical anionic detergent, nor~ ~ ~ ~ i t ~ l - 7 ,  

6 D. Meclean, Jour. Path. and Bact., 34: 459, 1931. 
7 Ibid.. 33: 1045. 1930. 
8 L. ~e ine r ,E. J: deBeer and M. Green, Proc. Soc. Ezp. 

Biol. and Med., 50: 70, 1942. 
'J K. Felix and A. IIarteneck, Z. physiol. Chem., 157: 

76, 1926. 
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tyrothricin1 nor the selective antibacterial compound 
of EIoogerheide1° had any effect on the respiration 
of E. coli. Protamine sulfate had a n  inhibitory ac- 
lion which could be minimized by performing the ex- 
periments a t  or below p I I  7.0. However, when pro- 
tanline was mixed with either Tergitol-7, tyrothricin 
o r  EIoogerheidels compound, the mixture inhibited 
respiration cornpletely within 5 minutes. A typical 
experiment is shown in Fig. 1. No such potentiation 
of action could be demonstrated with non-selective in- 
hibitors such as rnerthiolate or phenol. 

0 15 30 45 60 
TIME (MINUTES) 

FIG.1. Effect of Protamine and Tyrothricin on Res- 
piration of E. coli. T. 38O C. Atmosphere, air. pH 
5.3. 5 x lo0  cells per vessel. I. Control Respiration. 11. 
Tyrothricin (1: 15,000). 111. Protamine (1: 3,000). IV. 
Mixture of Tyrothricin (1:15,000) and Protamine ( I :  
3,000). 

Mixtures of protamine and tyrothricin, o r  prota-
mine and Tergitol-7, were bactericidal toward E. coli 
a t  p H  5.3 even though considerably higher concentra- 
tions of the individual compounds were inactive. 

Salmine sulfate exerts a powerful inhibitory action 
on the respiration or anaerobic metabolism of a num- 
ber of species. Gram-negative micro-organisms :E. 
typhosa was cornpletely inhibited a t  a 1:38,000 diln- 

Hoogerheide, Jour. Franklin 

tion of the protamine, p H  8.1; and Shigella para- 
dysenteriae a t  1:28,000, p H  7.0. E. coli was some- 
what more resistant, requiring a 1:9,000 concentra-
tion f o r  cornplete inhibition a t  p H  8.1; Neisseria 
catarrhalis was slightly less sensitive, and Proteus 
vulgaris was completely resistant. Anaerobic spe-
cies: Clostridium perfringens (welchi i ) ,  Clostridium 
Letani and Clostridium histolyticurn were extremely 
sensitive to protamine, e.g., 1:24,000 protamine com- 
pletely inhibited anaerobic glucolysis by the Welch 
bacillus. Gram-positive aerobes: Of the rnernbers of 
this group tested, Bacillus subtilis was inhibited com- 
pletely a t  a 1:15,000 protamine concentration; S taph-
ylococcus ulbus, cori~pletely a t  1:3,000; and S taph-
ylococcus aureus, partially a t  1:3,000, pII 8.1. 

T h y m u s  histone also inhibited respiration of bac- 
leria, but differed from salmine i n  that i t  had its 
optimum activity a t  a n  acid pH, whereas the prota- 
mine was most active a t  a n  alkaline pE1, e.g., 8.1. A t  
its optimum pH,  the activity of the thymus histone 
compared favorably with the optimal inhibitions ob- 
tained with salmine. 

The bactericidal activity of protamine appears to  
parallel the effects on metabolism. Salmine sulfate 
was tiluch more bactericidal a t  p l I  8 to 9 than a t  p H  
7, and was inactive a t  p H  6. Certain strains of E. 
typhosa were killed in  5 minutes a t  p13 8 by a 1:32,-
000 dilution of protarnine. A'. coli, Group A strepto- 
cocci and Type I pneumococci were also killed a t  
relatively high dilutions of protamine, although a 
longer time was required. Salmine sulfate was bac- 
teriostatic toward the Welch bacillus a t  a dilution of 
1:12,000, and S .  aureus a t  1:20,000. Against Pro-
teus vulgaris, the only other organism tested, prota- 
mine had neither bactericidal nor bacteriostatic power. 
I n  contrast to these results, thymus histone did not 
show any bactericidal or bacteriostatic activity, even 
a t  the optimum p H  for  its inhibition of metabolism. 

I t  was noted that certain strains of E. typhosa and 
h'. coli became conlpletely resistant to the bactericidal 
action of the protarnine.ll None of the strains showed 
any variation in  their resistance toward phenol. 

The presence of serum, blood or  broth caused a con- 
siderable reduction in the antibacterial effects of both 
the protamine and histone. 

These results suggest certain new possibilities in  the 
development of antibacterial compounds. (1) I t  is 
possible to "sensitize" Gram-negative micro-organisms 
by means of a protarnine to compounds which ordi- 
narily act only on Gram-positive species. Further  

11 In  the case of E. coli the increase in resistance t o  
protamine seemod to be coincident with a change from 
smooth to rough forms. No such correlation could be 
made with E. typliosa. 
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extensions of this approach may be possible since our 
preliminary experiments with basic dyes such as 
methylene blue and acriflavin indicate that these dye- 
stuffs potentiate the action of tyrothricin and the 
anionic detergent, Tergitol-7, in the same way as does 
the protamine. (2) The similarity in chemical struc- 
ture of protamine, histone, tyrothricin and the gerrni- 
cidal protein from wheat19trengthens the suggestion 
made by Dubos and Hotchkissl that certain relatively 
simple polypeptide configurations may serve as the 
basis for a large group of antibacterial compounds. 
Since protamines from different species of fish vary 
considerably in chemical composition, it should be 
desirable to investigate the antibacterial effects of a 
number of protamines. The antibacterial properties 
of partial hydrolysis products of the protamines and 
histones, as well as of similar synthetic polypeptides, 
merit further study. 

Chemotherapeutic applications of protamine or his- 
tone are probably greatly limited by the relatively 
high toxicity of these compounds when administered 
intravenously or intraperit~neally.~, Our prelimi- l3 


nary tests confirm the results in the literature, but 
indicate that these compounds have no apparent 
toxicity for such a tissue as the rabbit eye. 
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T H E  EFFECT OF VITAMIN E ON T H E  BLOOD 
PLASMA LIPIDS OF T H E  CHICK1 

INa previous communication2 Dam and Glavind 
have drawn attention to thc fact that the two lipo- 
tropic substances, lipocaic and inositol, can to a con- 
siderablc dcgee  protect against thc exudativc dia-
thcsis in vitamin E deficient chicks, whcreas addition 
of cholesterol to the vitamin E deficient diet acceler- 
ates and aggravates the symptom. 

We havc now made a study of thc fasting levcl of 
thc lipids in the blood plasma of chicks living on 
vitamin E deficient dicts with or without the addi- 
tion of lipocaic or vitamin E. This study has shown 
that vitamin E exerts an effect on the plasma lipids 
similar to that of lipocaic and that the ingestion of 
cholesterol acts in the opposite direction. 

The obscrvcd effect of adding vitarnin E or lipocaic 

1 2  A. E. Balls, W. S. Hale and T. 11. Harris, Cereal 
Chem., 19: 279, 1942. 

1 3  W. B. Shellcy, M. P. Hodgkins and M. E. Visscher, 
Proc. Soc. Exp. Biol. and Ned., 50: 300, 1942. 

1 Aided by a grant from the Josiah Macy, Jr., Founda-
tion. 

2 H. Dam and J. Glavind, SCIENCE, 96: 235, 1942. 

to the vitamin E deficient diet consists in an increase 
of the average ratio of the phospholipids to the other 
lipid fractions (total lipids, cholesterol or fatty acids) 
of about 20 to 40 per cent., whereas addition of 
cholesterol to the diet lowers this ratio without in- 
creasing the absolute cholesterol content of the plasma. 
The values for the individual chicks within a group 
of 5 chicks receiving the same diet show considerable 
variation so that it is not possible to predict from a 
simple determination of the plasma lipids of one 
single chick whether the animal belongs to the pro- 
tected group or not. This is, however, not astonish- 
ing when attention is paid to the great individual 
variation of the lipid values in humans which renders 
it impossible, for instance, to diagnose pregnancy 
from a plasma cholesterol determination even if there 
is a definite hypercholesterolemia during pregnancy. 

Since any effect on the blood plasma lipids must be 
a consequence of changes in the metabolism of the 
lipids in tissue, our observations suggest that vitamin 
E has a lipotropic effect similar to that of lipocaic. 
Further investigation of this problem lllust determine 
whether direct cvidence for such an effect of vitamin 
E on tissue lipids can be found and whethcr a par- 
ticular fraction of the phospholipids is involved. 

Whereas a sufficient dose of vitamin E gives com- 
plcte protection against exudates, lipocaic does not 
seem to give absolutc protection but merely brings 
down the incidence of the symptom from 80 to 100 
pcr cent. in the group receiving the basal diet to 10 
to 20 per ccnt. in the lipocaic group. This seems to 
indicate that the cffect of vitamin E is of a more fun- 
damental nature than that of lipocaic and is not con- 
fined to thc lipotropic cffect alone-or that lipocaic 
probably remedies only one of thc consequences of 
thc lack of vitamin E.  

Sincc vitamin E and lipocaic3 apparently can bring 
about thc samc changc of thc blood plasma lipids, 
it  is likcly that the vitamin E deficient chick is lack- 
ing in the active principle of lipocaic, which would 
mean that the formation of this substance in the body 
of the chick depends upon the presence of vitamin E 
in thc dict. This qucstion should be elucidatcd by 
further experiments. 

HENRIIC DAM 
EDW.M. KELMAN 

VITAMIN C CONTENT OF PERSIMMON 

LEAVES AND FRUITS 


PER~IMMONlcaveS have been folxnd to give excep- 

3 We are indebted to IIoffman LaRoche, Ino., Nutley, 
New Jersey, for supply of synthetic vitamin E (Ephynal
acetate) and to Dr. L. R. Dragstedt, University of Chi-
cago, and the Lilly Bescaroh Laboratories, Indianapolis, 
Indiana, for lipoeaic. 


