
weight, corrected for  buffer) mas made up to 1.0 ml with 
additions of 102 yg indole (0.87 micromoles) and 2 mg DL-

serine, and incubated a t  37" C. Good agreement was ob- 
tained between indole disappearance and tryptophan 
formation utilizing Ehrlich's reagent essentially as  de-
scribed (9, 7 ) .  

The considerably lessened activity of the zinc-deficient 
enzyme preparations could not be obtained with separate 
deficiencies of iron or manganese (Table 1 ) .  Lack of in- 

TABLE 1 

TRYFTOI'IIAX STSTEIESIS FRO11 INDOLE AXD SERISEBY CELL-
FREE ESZYIIEES.I.IL.\CTS 5-DAY-OLDFRO)I Neuvosgora crassa 

G~torvs0s  Cos'r1:or. MEDIA AND ~\IICROSUTIIIDXT 
El.12.\lDST-DEFICIEsT fifED1~ 

~xypto- Indole Trxpto- Tndole T r s ~ t o -
p11it11 phan phnn 

lost fot.llled lost formed lost forn~ed 
free 

estract after 1 llr after 2 hr after 3 11r 
microlaoles x 102 micromoles x 10%micron~olesx 10' 

Control 
mab 

Exp. 1 43 44 83 83 83 83 
" 2 39 
8' 3 51 

40 
53 

54 
88 

92 
70 

0 1 - 88 -
" 4 40 40 81 79 00 83 

(3-day-old 
mats) 

Average 43 47 84 83 88 83 
Zinc-de-

ficient 
mats 

ESP. 1 3 8 8 10 18 10 
" 2 0 10 10 10 22 24 - -" 3 0 5 0 2 
" 4 10 10 34 27 32 35 

(3-day-old 
mats) 

Average 7 10 15 15 24 26 
Iron-de-

ficient 
mats 31 33 05 66 84 04 

Jlanga-
nese-de-
ficient 
mats 33 28 76 'iG 85 82 

hibitory effects resulting from intermixing experiments 
employing zinc-deficient and control extracts ruled out 
the possibility of the presence of an inhibitor i n  the 
zinc-deficient preparations. The addition of Znt+ (rang- 
ing from 2 x 10 "id to 5 x 1 0 - 2 ~ib  final concentrations) 
to the cell-free extracts of zinc-d6ficient material failed 
to restore elizymo activity. At  concentrations of 
2 x and 10-"x, Zntt actually caused a 66% and a 
97% inhibition, respectively, i n  the controls. Exposure 
of zinc-deficient mats under sterile conditions to  Zntt a t  
a level of 2 pg/ml (as in Fries basal medium) in a 
nitrogen-free medium did not enhance enzyme activity 
after 53 hr. Pyridoxal phosphate,2 which has been sl~own 
to be active in this particular enzyme system ( 6 ) ,  only 
slightly improred the synthesizing power of the zinc-de- 
ficient extract. Separate additions of CuC+, Mge+, hlni+, 
and acid-hydrolyzed casein to the zinc-deficient extracts 

9 Kindly supplied by I. C. Gunsalus. 

failed to restore enzyme activity. Cu-+ was inhibitory to 
the control extracts a t  low concentrations, and Mgt+ 
showed toxicity a t  higher values. Cysteinc mas ineffec- 
tive in reactivating the zinc-deficient prel~arations and, 
a t  a final concentration of 3 x 10'11, caused a 59y0 in- 
hibition in the activity of the control plseparations. The 
metal binding agents, 8-hydroxy quinolinc and ethylene- 
diamine tetraacetic acid, proved to be ineffective in the 
control extracts as  inhibitors except a t  high concentra-
tions (0.3% and 2%, respectirely). Potassium cyanide 
a t  final concentrations of 10 'N and 10-I31 caused a 46% 
and a 92% inhibition, respectively, in the control prepa- 
rations. Potassium thiocyanate gave 83% inhibition a t  
10-lid. 

It would appear from these data tha t  a relationship 
exists behveen zinc and the enzyme which comerts indole 
and serine to tryptophan. I t  remains to be determined 
whether zinc is  a a  actual constitueut of the tryptophan- 
forming enzyme or whether i t  is  concerned, directly or 
indirectly, in the synthesis of one or more constituents 
of the enzyme system. 

Recent expel-iments' k kh-his laboratory also indicate 
that  zinc deficiency leads to alterations in the activity 
(either increase or decrease) of certain enzymes, whereas 
other enzymes are not affected (1). 
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Vitamin P Protection against Radiation1 

Boris SokolofF, James B. Redd, and Raymond Dutcherz 

Southern Bio-Research Laboratory, Florida Southern 
College, Lakeland 

Griffith et  al. were the first to demonstrate the pro-
tective action of flavonoids in radiation injury (2). Clark 
and associates found tha t  ( ( a  flavonoid preparation de- 
r i led from Teinons, administered in the drinking water to 
guinea pigs, reduces the l~lortality from total-body 
roentgen irradiation by about half" ( 1 ) .  Field and 
Kekers conducted an  extensive investigation on the pro- 
tective action of vitamin P factom, usiug dogs. Mortality 
after radiation was reduced to 10%-17% (with a sig-
nificant reduction in the hemorrhagic diamesis) as  
against 60% mortality in the control animals. The 
investigators concluded "that previous misunderstanding 
of the nature of vitamin P has arisen from both the 
failure to recognize that  several flavonone analogues pos- 

1 Condensation of paper presented a t  the annual meeting 
of the Blorida Academy of Sciences, December 3, 1949, at 
Stetson University. 

2 Carl1 Tuclier Fellow. 
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No. of days 
of survival 11 12 13 14 15 16 17 18 19 20 21 22 23 
So, of rats 
that succumbed 1 2 2 1 3 0 3 2 1 0 0 0 1 

* l'llese rats (lid not receive rita~niu. P. 

sess very similar antihemorrhagic activity and tha t  
ascoibic acid has the capacity to potentiate activity i n  
other flavonones" (3, 4). 

I n  our investigation, 50 rats of British brown breed 
(obtainecl from Francis Carter Wood of St.  Lukes Hos- 
pital, New York City) were submitted to x-ray irradi- 
ation. One group of 20 rats served as  control, and a 
ssmnd g r m p  of rats was given v i t amh  P compound 
(C'VP compound) isolated from citrus waste." The a-rer- 
age mreigllt of the rats mas lilO g, ranging from 160 to  
205 g. The rats Tame kept on regular Purina Rat  &.tiom. 
The radia tkn factors were 250 b,15 ma, v68h 0.5-mm Cu 
and 3.0-mn~ Baltelite filters. Target distance was 27.5 
cnk, and 810 r/min was the dose rate. All rats r ec&vd  
800 r total-body radiation in a single exposure. 

Sixteen rats of the contrnl group (80%) succumbed 
during the second and third weeks after the exposure 
(Table 1) .  All of them manifested gross hemorrhages 
of various gravity and pronouncecl pathological lesions 
111 the adrenal glands. Thc zona fasciculata and zona 
~eticularis  mere particularly affected, with argentaffin 
fibrils showing signs of degeneration. Four rats (20%) 
survived in spite of numerous petechial hemorrhages and 
gerler ~ l i x e d  purpura. 

TABLE 2 

IKRADIATICD RATS G I V E N  40 M(> OIF VITAJIIN P 

No. of days 
of survival 18 10 20 3 22 23 24 
Yo i l l  r<tt. 
t l ~ ~ r r ~ u c ~ r l ~ n B v ( I1 0 0 0 1 1 1 

The treated animals were divided into two groups. 
Ten rats received orally 4 mg of vitamin P compound 
per day for  10 days, 3 days prior to radiation and 7 days 
after radiation. Twenty rats received 5 mg of vitamin 
P per day for  30 days, 7 days prior to radiation and 23 
days after radiation. 

In the group of animals (Table 3) which received a 
total amount of 10 mg of vitamin P compound, the 
mortality from irradiation war reducecl to  40y0, More-
over, those rats which did not succumb to  the injurious 
ef€ect of radiation lived longer. The petechial hemor-
rhages in the treated animals were considerably less 
pronounced, but some pathological changes in the adrenal 
cortex were observed, mostly in the zoua reticularis 
(vacuolieation) . 

I n  the group given a total  of 150 mg of vitamin P 
compound in a pcriod of 30 (lays, mortality from irridia- 

3 This compound, containing four ident~fied factors natu-
rally preirnt i n  citrus fruit, was obtained from Vitamerican 
Company, Paterson, New Jersey. 

IRI lADIATED RATSGIVEX 150 310 OB VITAMIN P 

No. of ditxs 
of surrirnl 18 10 20 21 22 23 24 25 
No. of rats 
thatsuccumbed 1 0 0 0 0 0 0 1 

tion was reducecl to  10% (Table 3).  I n  this group, 
petechial hemorrhages were very slight and in some ra ts  
apparently absent. 

From these observations it appears tha t  the vitamin P 
compound, which contains four flavonoids naturally pre- 
sent in citrus fruit ,  gives considerable protection to ra ts  
against a total-body, near-lethal dose of radiation. 

I n  our previous publication ( 5 ) ,  we stressed the im- 
portance of making a clear clistinction bctxveen increased 
capillary permeability and capjllaiy fragility. I n  mdia- 
t ian injury, there seems to be present a pronounced in-
Grease in capillary fragility which might be prevented by 
large doses of flavonoids naturally present in citrus fruit. 
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Likelihood of Photorespiration or 
Light-inhibited Respiration in 
Green Plants1 

Edwin A. Davis" 

Osborn Botanical Laboratory, Yale University, 

New Haven, Connecticut 

Generally speaking, there are two ways in which light 
could stimulate respiration: either directly by photo- 
sensitization or indirectly through photosynthesis, thereby 
increasing the amount of respirable metabolites. It is  
the direct effect of light. on respiration (photorespira- 
ticm), commehcing upon exposure to  light and stopping 
immediately upon the return to darkness, tha t  has been 
a ,s&<ce of disturbance to t h w  interested in measuring 
photosynthesis, as  such a process escapes measurement. 
Whenever light has been reported to stimulate respira- 
tion, the stimulation has been of the persistent or in-
direct type and could be explained either on the basis 
of an accumulation of photosynthates, or on the basis of 
light absorption by the carotenoids, in which case respira- 
tion has been found to  increase slowly in the light and 
persist for  a short time in the dark. The possibility also 

1This experiment mas part of n dissertntion presentocl in 
1049 in partial fulfillment of the degree of Doctor of I'htloso- 
phy in Yale University. 

'lJresent atldrebb: Carnegie Institntion of Tyashington. 
Division of Plant Biology, Stanlord, California. 
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