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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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exists tha t  light inhibits respiration. I t  would follow that  
photosynthetic determinations above and also below the 
compensation point, where oxygen evolution is  measured 
as a decrease in respiration, .would become of douhtfal 
significance. 

McAlistcr (8) concluded from his experiments with 
wheat seedlings tha t  light does not have a direct effect 
on iespiration, since the rate of respiration after a period 
of illumination was equal to that  before illumination and 
was independent of light intensity. Gaffron ( 6 )  arrived 
a t  a similar couclusion from an experiment in which 
cyanide inlribited the respiration of Sce~zedesrnusby ap- 
proximately 96% but had no effect on the calculated 
"true photosynthesis." Such a result can also be in- 
terpreted on the basis tha t  cyanide does not affect photo- 
respiration. The fact  that  Emerson and Lewis (1)did 
not find an  effect of temperature on the calculated quan- 
tum yield also suggests tha t  light does not have a direct 
effect 011 respiration. More recently, Hurk e t  nl. (2) and 
Warburg et al. (10 )  came to a similar conclusion. Eok  
( 7 )  concluded, fro111 experiments in which oxygen evolu- 
tion was me:tsured in the dark and in light of increas-
ing intensity, that  respiration is  inhibited a t  high light 
jn~ensities. 

All such experiments, however, are of an indirect na- 
ture and have, therefore, the limitations inherent in indi- 
rect experimentation. Although results obtained thereby 
:ire frequently correct, they should, if a t  all possible, be 
tested with a direct method. Heretofore, the separation 
of photosynthesis from respiration in light was only 
possible by the use of poisons, which in many instances 
:Ire undesirai~le because of their known or unknown 
effects on processes other than those to be specifically 
inhibited. A technique is now available by which these 
difficulties can be eliminated. I n  artificiallg i~zduced 
:nutant strains which are unable to photosynthesize or 
evolve oxygen in light, but yet are green, respire, and 
grow when supplied x i th  a suitable carbon source, photo- 
synthesis is completely divorced from respiration, and the 
problem of whether or not light directly affects respira- 
tion is  rendered amenable to direct experimentation. 
Such mutant strains of Cl~lorellahare been obtsti~red as 
the result of ultraviolet irradiation and have been the 
object of photosynthetic studies (3). S t r d n s  382 and 
349 which possess these characteristics afforded an ex-
cellent opportunity for  the study of the influerice of 
light on respiration. I f  a process such as  photorespira- 
tion, or light-inhihited respiration, exists, i t  would be 
extremely likely that  i t  could be demonstrated by deter- 
mining the respiratiolr rates of these strains in the light 
and in the dark. 

Oxygen-uptake measurements were made with the cells 
suspended in 0 . 1 ~Emerson and Lewis carbonate bi-
carbonate buffer solution (5), as  these experiments 
were performed in conjunction with oxygen liberation 
studies. The cells were grown on solid stock medium 
slants which contained the following, per liter of nu-
trient solution: KNO,, 1.21 g ;  XgSO,, 1.20 g : KH,PO,, 
1.28 g ; 1,000 x P r a t t  's iron solution ( 9 ) ,  1 ml ; .irnon 's 

A4 trace element solution ( I ) ,  1 ml; tryptone, 4.5 g ;  
dextrose, 10 g ;  yeast extract, 0.36 g ;  agar, 10 g ;  dis-
tilled water, to  make I liter. Cultures were grown under 
continuous light for 1 1  days, after which the cells were 
harvested, washed in distilled water, and suspended in 
0 . 1 ~carbonate hicarbonate buffer solution. Two-milli-
liter portions of the suspensions were added to the main 
charnbers of Warburg reaction vessels. The vessels wele 
attached to :nanometers, immersed in a constant tenl-
peratnre water bath (2'7" C), and shaken. After 1.5 
lili~r for equilibration, leadings were taken during 30-min 
light periods and 30-mill dark periods. The light in-
tensity a t  the level of the vessels was about 500 ft-c. 
Wet-packed cell roliimes vere determined from ~ l iquo t s  
of the suspensions. 

I'*\LlI,B 1 

RASPII{4TTOY ILATEs Oh" MUT.tA1'  STRAINSOR C h l o ~ r l l n Ih  

LI(.NI'A Y D  I N  THE DARIC 

Qo, 
(CU mm of On/hr/cu mm 

Strain ot cells) 

In cl'trk In light 

Yo :;2? - 1 64 - 1.77 
- 1.76 1.70 
- 1.70 - 1 39 
- 1.52 - 1 20 
- 1.84 - 1.96 
- 1.26 0 95 
- 2.13 - 1.73 
- 1.79 - 0.9s 
- 190 - 1.84 
- 133 - 1 44 

ivrl ,raP = - 1 ti7 Average = - 1 4:: 

XI) 319 - 3.98 - 3.k: 
- 3 79 - -1.05 
- 3.66 - 3 R" 
- 3.34 - 3.2-1 

- 9  -- 3.39 .* <>I 
- 3.69 3 31 
- 3.45 - 3.6.3 
- 3.82 4.01 
- 3 9 5  - 3 95 

P S : I ~ P  3 67 Averagix = - :<73= 

Respiration ~ a t e ~  n ~ ~ uoxygen taken up per hl( cu  of 
per cu mm of cells), cz~lculated from the amounts of 
oxygen taken up during the 30-min light and datk 
periods, were determined for several cultures of each 
strain. The results indicate tha t  liglit had no effect on 
the ~espiration of strains 322 and 349, as  their respila- 
tion rates were approximately equal in the light and in 
the dark (Table 1). I t  is noted that  positive pressu1e 
changes were not obsc r~ed  upon exposing thcse strailis 
to light, as  is  nolnial and acr is found for the parent:il 
type. The a~gunient  could 11e presented that  the gene 
mutations which leuulted in tht, inability of these strains 
to photosynthesize :ilso resulted in their inabilitr to 
carry on photoiespiratiotr. This is unlikely, however, as  
there is considerable e~idence  tha t  indicates they are 
blocked in different reactions, and neither exhibited a 
significant increase in respiration in the light. 



This experiment presented a n  excellent chance for 
photorespiration to be exhibited if it existed. However, 
i t  was not observed. Also, since the rates of respiration 
were approximately the same in the light and in  the 
dark, i t  i s  extremely unliliely tha t  light inhibits respira- 
tion. It seems certain, therefore, tha t  light does not 
have a direct effect on respiration. 
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Enzymic Conversion of Maltose into 
Unfermentable Carbohydrate 

S. C. Pan, A. A. Andreasen, and. Paul Kolachov 

Joseph E. Seagranz 6 Sons, Inc., Louisville, Kenfucky 

Pigman ( 6 )  and Stark (9) reported tha t  amylase 
preparations from molds, pancreas, and saliva are ca-
pable of synthesizing unfermentable carbohydrate or car- 
bohydrates from maltose. However, the work of these 
authors is  incomplete, since they did not separate or 
characterize the synthesized product. 

While studying the enzymic hydrolysis of starch in 
distillery corn mash, by  the use of submerged fungal 
cultures, we found tha t  the secondary conversion of dex- 
trinsl into fermentable sugars was markedly inhibited by 
maltose." The question was therefore raised as  to 
whether the observed reduction in the ra te  of dextrin 
hydrolysis was actually a result of maltose inhibition or 
of the conversion of maltose into unfermentable carbo- 
hydrate. Conclusive data have since been obtained to 
show that  such an  enzymic conversion actually occurs. 

The submerged fungal culture was prepared with 
Aspergillus niger NRRL 337 in a distillers' dried sol- 
ubles-corn meal medium ( 1 ) .  One volume of the culture 
filtrate was mixed with two volumes of a 2.2% ~rialtose' 
solution in 0.3 M acetate buffer (pH 4.4) and incubated 
a t  30" C. Ealnples mere taken periodically and analyzed 
for  glucose, maltose, and unferriientable carbohydrate 
(dextrins) according to the tripartite method4 of Stark 
and Somogyi (10). The data given in Fig. 1show that, 

1 Like barley malt, the fungal culture enmsnies hytlrolgze 
starch priliiarily into fermentable sugars and dextrins. 

z A  report including this finding has been prepared for 
piiblication. 

3 hlaltose (cp Fisher) recrystallized in the luboratory. 
&Carbohydrate contents of samples either before or after 

treatment with baiter's yeast were all determined as glucose 
by Somogyi's method (8) after complete acid hydrolysis in 
0.69 N IICl solution for 2.5 hr in boiling water. 

while a par t  of the maltose was hydrolyzed to glucose 
through maltase activity, another pa r t  mas simultane-
ously converted into unfermentable carbohydrate. The 
presence of unfermentable material a t  zero hour ?+-as 
ascribed to dextrins contained in the fungal c u l t ~ r ~  and 
in  the maltose. During the reaction period the amount 
of unfermentable substance increased considerably, 
reaching a maximum a t  8 hr, when 17.6% of the original 
maltose had been converted to unfermentable carbohy-
drate. A decrease in unfermentable material was ob-
served after the maltose had been conlpletely utilized 
(10-12 hr ) .  The amount remaining accounted for  only 
10.2% of the nlaltose a t  the end of 24 hr. It is therefore 
concluded tha t  the fungal culture niust contain some en- 
zyme or enzymes ~vllich catalyze the conversion of mal-
tose into unfermentable carbohydrate. I n  the absence 
of maltose, this carbohydrate can be converted into glu-
cose. 

A similar experiment, in which glucose mas used in 
place of maltose, showed no formation of unfermentablr 
substance; the amount of glucose remained unchanged 
during the 24-hr reaction period. Apparently the en-
zyme or enzymes we1.e i l lae t i~e  toward gluros?. 

/' 
Corbohydrote 
Concentrotion 

GLUCOSE 

UNFERMENTABLE 

0 
2 	 4 6 8 I0 22 24 

Reoctlon Tims.Hours 

F10. 1. -2ction of fullgnl pnzylnrs upon maltose. 

As a further confirmation of the formatior1 of unfer- 
mentable substances, a similar experiment was conducted 
using a 10% maltose solution. Instrnd of using buffer, 
the filtrate of fungal culture was ddjusted to pTl 4.4 
before mixing with the maltose solution. Amirioi~innm 
sulfate, a t  a concentration of 1.5 g/1, w:is :tdilt2d as 
nutrient for  subsequent yeast fermentation. Aftt,r the  
fungal enzymes had been ill contact with the maltosr fo r  
24 hr a t  30" C, the mixture was sterilixed and i~locillatetl 
with an  actively growing culture of distiller's ?-east 
which had been grown iim a yeast extract-glucose meiliunl. 
A t  the end of fermentation ( 3  days), the mediunl was 
found to contain 40.7 mg of unfermentable carbohydratt~ 
per ml, equivalent to 41.5% of the maltose used (Table 
1 ) .  The same table shows tha t  the reaction mixture, 
which was sterilized immediately af ter  mixing the mal- 
toqe solution and the filtrate of the f t n~ga l  culture, con-


