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crease in the seruln lipids ( 7 ) .  I n  the case 
of heparin, the electrophoretic changes 
and the reduction in th; serum lipids are 
produced by the action of a "clearing 
factor" that is a heparin-activated lipo- 
protein lipase ( 8 ) . I t  remains to be de- 
termined I\-hether the infusion of a fat 
emulsion also activates this lipoprotein 
lipase or has a different mode of action. 
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Pyridine Nucleotide Analogs 
and the Sulfhydryl Nature of 
Some FAD Enzymes 

I t  has recently been demonstrated by 
Kaplan and Ciotti ( 1 )  that pig brain 
DPNase will catalyze an exchange be- 
tween the nicotinamide moiety of D P N  
(2 )  or T P N  and 3-AP, resulting in the 
formation of APDPN or APTPN. These 
analogs have been shown to be active in 
a number of dehydrogenase systems (3) .  
The  average potential of APDPK/ 
APDPNH has been found to be approxi- 
mately 0.08 v more positive than thc 
DPN/DPNH system. I t  was therefore 
of interest to determine whether flavin 
enzymes could catalyze a transfer of hy- 
drogen or electrons from DPNH or 
T P N H  to the respective 3-AP analogs 
( 4 ) .  

All measurements were performed 
using a Beckman D U  spectrophotometcr 
with 3.0-ml cuvettes having a 1.0-cm 
light path, and all reactions were run 
a t  room temperature. APDPKH and 

APTPNH formation rvas determined by 
an increase in optical density at their 
lnaxilnuln extinction at 365 my and a t  
400 m16, \\-here they have significant 
absorption in contrast to DPNH and 
TPNH. 

Reaction mixtures contained 50 pmoles 
of phosphate buffer, p H  7.5, and 50 
jclnoles of trisodiuln citrate dihydrate. 
I n  addition, thc diaphorase reaction 
mixtures contained 0.25 u~noles of 
DPNH, 0.6 pmoles of APDPN, and 0.09 
mg of enzyme protein in a total volume 
of 3.0 ml. The  cytochromc-c reductase 
reaction mixtures contained 0.22 j~molcs 
of TPKH,  0.53 pmoles of APTPN, and 
0.2 mg of enzyme protein in a total vol- 
ume of 3.0 ml. Additions of pCR/IT', and 
GSII are noted in Table 1 as final molar 
conccntrations. When pCMB was used 
it \\-as incubated with the enzyme in the 
phosphate buffer for 5 minutes at O0C. 
In  measuring GSH reversal of pCRIB 
inhibition, GSH rvas incubated for an-
other 5-minute period brfore testing. All 
reactions ):-ere started ~v i th  APDPN for 
thc diaphorase and APTPK for the cyto- 
chrome-c redr~ctase. 

I t  r\-as found that Straub's DPNH din- 
phorase ( 5 ) ,  a F;ID cnzyme froin pip 
heart that catalyzes the reduction of dye 
and inorganic iron ( 6 )  also cataly~es a 
transfer of hydroyen or electrons from 
D P N H  to APDPS,  as is indicated by 
Eq. 1. 

DPNH + APDPN+-+DPN+ s APDPNH 

(1) 

This transfer occurred only in the pres- 
ence of DPNH and APDPN. T P N H  and 
APTPN would not serve as electron 
donor or acceptor, respectively, with the 
diaphorase. Investigation of the involve- 
ment of sulfhydryl groups in this reac- 
tion, as shown in Table 1, revealed that 
pC1\IB inhibited the transfer reaction. 
This inhibition could be reversed wit11 
GSH. The  catalysis of dye reduction by 
this enzyme was also inhibited by 
pCMB. G S H  reversal was not attempted, 
since the dye is reduced nonenzymati- 
cally by GSH. 

T P N H  cytochrome-c reductase ( 7 ) ,a 
FAD en7yme from pig liver, also cata- 
lyzes this transfer reaction, a5 is given 
by Eq. 2. 

TPNH i- APTPNt + TPN' t APTPNH 

( 2 )  

However, with this enzyme, DPNI-I and 
APDPN would not serve as electron 
donor and acceptor, respectively, but re- 
quired T P N H  and the corresponding 
analog APTPN for transfer. As can be 
seen in Table 1, pCMB inhibited the 
transfer reaction, and the inhibition was 
reversed by GSH. Since this enzyme 
catalyzes the transfer reaction a t  a much 

Table 1. Inhibition by PCMB of diapho- 
raw and TPNH cytochrome-c reductase 
catalyzing the reduction of APDPN by 
DPNH and APTPN by TPNH, respec- 
ti1 ely, and the re1 ersal by GSH. 

7PNH 
Dlapho- cyto-

rase chrome-c 
Reaction (umoles reductaw 
nlivtules APDPNI* ( ymoles 

formed APTPNH 
In 3 mln) formed 

in 60mln) 

Control 0 229 0 172 

Plus p C M B  


( 2 ~  	 01 0 4 ~ )  0 

Plus p C M B  

( 2  x 10 ' M )  
plus GSH 
(loWM) 0 234 0.172 

Plus GSIH 
( 1 0  W) 0 2'33 0 172 

hflnus enzl me 
plus GSH 
( 1 0  3 ~ ) 0 0 

Mlnus DPNH 
oi TPNH 
plus GSH 
( 1 0  3 ~ ' 0 0 

-

slower rate than the diaphorasc, a 60-
minute pcriod was used to determine 
the formation of APTPNH rather tlian 
the 3 minutes employed for the diapho- 
rase. The rrduction of cytochro~ne c war 
also inhibited by pCME. 

These results de~nonstrate that, in all 
probability, sulfhydryl groups are in-
volved in the catalytic properties of 
DPNH diaphorase and T P K H  cyto-
chrome-c reductasc. 

Other FAD enzymes such as pig heart 
DPKH cytochrome-c reductase ( 8 ) ,  
Neurospora T P N H  nitrate reductase 
( 9 ) ,  milk xanthine oxidase, and the 
DPNH oxidase from Clostridiunz klz~y-
ueri ( 1 0 )  catalyze these transfer reac-
tions, and demonstrate specificity toward 
both the reduced pyridine nucleotide and 
acceptor analog. Nonflavin dehydrogen- 
ases and F M N  enzymes tested did not 
appear to catalyze this reaction. 

Preliminary experiments indicate that, 
although only the FAD enzymes tested 
were active, FAD does not appear neces- 
sary for this transfer reaction. I n  view 
of this, it is of interest to speculate that 
FAD enzymes are in such configuration 
that the reduced pyridine nucleotides can 
transfer hydrogen or electrons directly 
to the protein. This reduced protein can 
then transfer hydrogen or electrons to  
the specific pyridine nucleotide analog 
~vithout the involvement of flavin as an 
intermcdiate. In  reactions involving re-
duction of dyc or cytochrome c, the re- 
duced protein would transfer hydrogen 
or electrons to FAD and then on to dye 
or cytochrome. 
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I t  is of interest to note that, although 
all the FAD enzymes studied appear to 
be sulfhydryl enzymes, as demonstrated 
by pCMB inhibition of reactions involv- 
ing the reduction of dye and cytochronie 
c, they all were not inhibited by pCMB 
in catalyzing the transfer reaction. T h e  
transfer reactions from TPSI-I to A P T P S  
catalyzed by nitrate reductase and from 
D P N H  to APDPN catalyzed by the 
D P N H  oxidase from C l .  k l u y v e ~ i ,  respec-
tively, were not inhibited by pCA4B. Milk 
xanthine oxidase catalysis of hypoxan-
thine oxidation by oxygen and dye is in- 
hibited by pCMB ( II ) .  When hypoxan- 
thine and APDPN are used as electron 
donor and acceptor, respectively, inhibi- 
tion of the reduction of APDPN is ac- 
complished with pCMB and rcversecl 
with GSH. If, however, DPSI-I is used 
as electron donor, dye reduction and the 
transfer reaction are not inhibited by a 
concentration of pChlB, which ~:.oulcl 
inhibit when hypoxanthine was used as 
electron donor. This is interesting in 
vie~v of the belief of Mackler et al.  (12) 
that all reactions catalyzed by their xan- 
thine oxidase preparations are attribut-
able to one protein. 

T h e  involvement of a reduced protein 
in Aavoprotein reactions is now uncler 
investigation. 
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International Cooperation in 
Radiobiology through an Agency 
Sponsored by the United Nations 

The  followine reasons for international " 
cooperation in radiobiology may be con- 
sidered. 

1 )  T h e  running of numerous power 
reactors in many countries is going to 
increase the radioactivity of the atmos-
phere, the soil, and the waters. I t  is 
tiifficult to establish ~vhich level of con-
stant radioactivity is dangerous for man 
and animals; concentrations of 1/500,000 
of phosphorus-32 in hshei (as compared 
nit11 ~va te r )  wrre reported a t  the Geneva 
Conference on the Peaceful Uses of 
Atomic Energy. Possible damages are not 
limited to the country where the reactor 
is located; this fact may be the origin 
of bitter international discussions if meas- 
ures are not taken beforehand. 

The  carcinogenic and genetic effects 
of ionizing radiations on nonhomogene-
ous populations are unkno~vn and theo- 
retically unpredictable. Different types 
of research are already contemplated to 
solve this question; these projects should 
be discussed on an international basis be- 
cause they are extren~ely costly and time 
consuming. 

O n  the genetic problem of irradiated 
human populations, T. C. Carter said 
(A/Conf. U/P/449), "\\re now need a 
research program with three main parts: 
fundamental studies of mutation; studies 
of animal populations; and studies of 
human populations. Such a program 
tvould have to be on a very lavish scale 
and parts of it ~vould almost certainly 
require international cooperation." 

2) Biologists have a great responsibility 
in the development of peaceful uses of 
atomic energy. Physicists and industrial- 
ists must not disregard the warnings of 
the biologists despite the fact that these 
warnings rnay tend to put limits to their 
activity. 

Some people have interest in empha- 
sizing the biological dnngers oE radioac- 
tivity; others have interest in neglecting 
them. Atargins of safety must be estab- 
lished and constantly revised not only by 
scientists meeting around a table once a 
year, but also by their actually working 
together. 

3 )  	Basic discoveries in radiobiology 
may have important consequences for 
the generalized use of atomic energy. 
For instance, the possibility exists of in- 
creasing, by chemical substances, the re- 
sistance of man to ionizing radiations. 
T h e  phenomenon of chemical protection 
against these radiations has been repeat- 
edly demonstrated in animals. Efficient 
treatment (actually lacking) of acciden- 
tally irradiated human beings depends 
entirely on active pursuit of promising 
researches in animals. International 

agreement should be reached before the 
use of a protector or a treatment is ~videly 
advocated. Controls of the experiments 
and of the substances themselves should 
be put on an  international basis. 

4 )  Countries that do not like to de- 
pend on big atomic powers would find in 
an  International Laboratory of Radiobi- 
ology a suitable place for obtaining in- 
formation and training for their scien- 
tists. 

5 )  T h e  spirit of collaboration that was 
prevalent during the Geneva Conference 
on the Peaceful Uses of Atomic Energy 
should be perpetuated by the presence, 
in the same International Laboratory, of 
biologists from many countries. One may 
hope that international cooperation 
~vould speed up biological research, thus 
cnabling us to keep up with the indus- 
trial development of atomic energy and 
prevent irreparable damage to the human 
I ace. 

As shown by the Geneva Conference, 
the tvhole human race is involved in the 
widespread use of atomic energy. Many 
basic biological data are not yet avail- 
able that would enable us to appreciate 
the dangers and the possibilities of over- 
conling them either by protection or by 
therapeutics. I t  seems tb be the duty of 
an International Atomic Agency to have 
a t  its disposal a body of biologists who 
are organized in  some kind of interna-
tional institution where facilities for labo- 
ratory ~vork ~vould be available. 

Z.A t .  B a c ~  
University of L,i?ge, LiBge, Belgiu?n 

2.5 October 19.55 

Since the foregoing note was receiued, 
the United Nations has established a Sci- 
entific Commit tee on the E f e c t s  of Atomic 
Radiation, which m e t  in  N e w  Y o r k  14-23 
March 1956. T h e  recommendations of the 
commit tee,  zwhich include m a n y  of the 
suggestions m a d e  by Z .  M .  Bacq, were re- 
leased 9 April 1956 and will be summar- 
ized in  the 2 5  M a y  issue of Science. 

Myo-Hnositol as an Essential 

Growth Factor for Normal and 

Malignant Human Cells 

in Tissue Culture 


I t  has been shown (1) that two mam- 
malian cells, a human carcinoma of the 
cervix (stiain I-IeLa) and a mouse fibro- 
blast (strain L )  can be propagated in a 
medium embodying 13 amino acids, 
seven vitamins, five salts, glucose, and a 
varying amount of serum protein, the 
latter supplied either as whole or dia-
lyzed serum. Each of these components 
was demonstrably essential for survival 
and growth I t  was subsequently found 
that a number of other human cell lines, 
both normal and malignant, could be 


