
possess no detectal)le yhosphorylating mechanism, al-
though they show some phospl~atase activity (4). The 
high concentration of phosphorylase i n  the guard cells 
suggests tha t  the enzyme may play a part  in the osmotic 
changcs of the cells and therefore in the movelnent of 
stomata. Experilnents along this line are now in 
progress. 

Closer observations reveal tha t  the phosphorylase ac-
tivity is exclusivcly localized in  the chloroplasts. I t  is  
especially clear in cells which have been incubated for 
but a short time before too much starch bas been a c  
curnulatcd (3'ig. 1) .  No activity is  found in the nu-
cleus and cytoplasm (1) .  Each chloroplast possesses 
one or more active loci. As the reaction proceeds, these 
loci enlarge and merge so tha t  the whole ylastid appears 
to be filled with starch. The Iocalizatioii of phosyhory- 
lase in plastids is  further corroborated by observations 
on tile chloroplasts of the mesophyll cells, the chromo- 
plasts of Tropaeolnm flower, and the leucoplasts of gel-  
minating seeds ( 4 ) .  The phenomenon is therefore quite 
g ~ n e r a l  and confirms the anticipation of Hanes ( 2 )  
tha t  starch fornlation in the plastids is  due to  the phos- 
yhorylase mechanism. Unlike other intracellular en-
zymes, phosphory1:ise apparently bears no relation to 
the nucleus (1) or the mitochondria (3). 
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Inadequacy of Proteolytic Enzyme Inhibi- 
tion as Explanation for Growth Depression 
by Lima Bean Protein Fractions 

tive extracts of the soybean trypsin inhibitor had a de-
pressing effect on the biological value of papain-dig'sted 
soybean meal essentially equal to their effect on undi-
gested meal. The two values reported, 45.9 and 44.7, 
respectively, were quite low, and presumably much lower 
than a value fo r  undigested soybean meal in the absence 
of the inhibitor fractioil would havc been if da ta  on such 
a positive control had been obtained. Although these 
data suggest tha t  the low biological value of raw legumes 
is  not duo primarily to inhibition of enzymatic digestion, 
it must bo pointed out that  several studies (1, 4, 9, 13) 
have shown that  papain, a t  a maximum, hydrolyzes only 
one-half to two-thirds of the peptide bonds in  casein and  
other proteins. Also, soltzbility of 91.G70 of the nitrogen 
of the papain digest in 7y0 trichloroaeetic acid, used by 
Desikachar and De to estimate completeness of hydrol- 
ysis by papain, does not preclude the existence of some 
soluble peptides (1, 5). 

Hence, the possibility has remained tha t  the low bio- 
logical value found for  the papain-digested meal was due 
to inhibition of hydrolysis of residual bonds. As a pa r t  
of our continuing study of the growth inhibitors i n  
legumes, we have carried out experiments that eliminate 
this possibility i n  so f a r  as trypsin-inhibiting activity ob- 
tained from lima beans i s  concerned. 

Lima bean protein fractions that  contained high in 
vitro trgpsin-inhibiting activity and also high growth- 
inhibiting activity i n  normal diets were fed to rats on 
diets cont:lining completely acid-hydrolyzed casein as t he  
sole source of nitrogen. I n  addition to  nitrogen-con-
tributing components, the diets contained, in per cent: 
cottonseed oil, 5; U.S.P. cod-liver oil, 2; salt mixture 
(McCollum's No. 185 plus trace elements), 4 ;  dried 
liver extract (Wilson), 0.4 ; protein-free yeast extract 
equivalent to  2% yeast, and, as  mg%, or-tocopherol, 5; 
choline chloride, 150 ;inositol, 100 ;thiamin hydrochloride, 
0.5; riboflavin, 1.0 ; pyridoxin, 0.5 ; nicotinic acid, 1.0 ; 
calcium pantothennte, 2.5; p-aminobenzoic acid, 7.5; 2 

J. D. GREAVES, 	 methyl-1,4-naphthoquinone, 0.2 ; biotin, 0.01; and suffi-A. A. I~MSE, and XI. L. FEVOLD~ 

Western Ilegional Research Laboratory, 

B u ~ c a u  of Agricultural and Industrial Chemistry, USDA, 

Albamj, California 

Discovery of the presence of trypsin inhibitors in soy-
beans (3, 7 )  and other legumes (2)and the ability of con- 
ccntrates of these factors to  inhibit growth in  rats (11) 
and chicks (8) have stimulated interest in the mechanism 
involved in tho poor nutritional values of the proteins of 
raw legumes. 

An obvious hypothesis is that  these bean fractions cxert 
growth-inhibiting effect through their ability to  inhibit 
normal enzymatic protein hydrolysis i n  the intestinal 
tract;. This report concern$ experiments with hydrolyzed 
proteins which have given results contradictory to  tha t  
hypothesis. 

Ijesikachar a i d  De (6) have recently reported tha t  ac- 

1 I'rrsent address : Quart~.rmaster Food and Co~ltairler In-
stitute for the Armed Forces, 1849 \Vest Pershing Itoacl, 
Chicago 9, Illinois. 

d e n t  equal-weight mixture of corn starch and cane sugar 
to make 10070. All diets contained 15/6.250/, =2.4% 
nitrogen, mado up in diets 1 to 5 from 0.4% dl-trypto- 
phan, 0.6% I-cystine, and 20% casein liydrolysate and in  
diets 6 and 7, from colnmereial casein, plus, in both cases, 
the nitrogon contributed by the luna bean fraction when 
present. The Lima bean fraction was added to the diet 
without an  equivalent deduction in amount of casein-
hydrolysate nitrogen in order to  eliminate the possibility 
that  the inhibiting effect would be even partly due to a 
lowrred concentration of available amino acid or protein 
nitrogen in  thc diet. 

Casein hydrolysates were prepared by autoclaving corn- 
mereial casein with four parts of 9N II,SO, a t  15 Ibs 
of pressure for  18 hrs. The sulfuric acid was removed 
with barium hydroxido to a pH of 4 to  5, and the  result- 
ant  fillrate was concentrated in vacuo and dried from the 
frozen state. The completeness of hydrolysis was vari-
fied by amino nitrogen analyses, which indicated 71-74% 
of total nitiogen pr~serrt  a s  nrni~ro nitrogcn (13). 

A modification of Icunitz' (10) method of isolating the 
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the globulin-trypsin inhibitor from soybeans was uscd to dict. The growth-depressing cffcct of thc lima bcan frac- 
prepare a lima bean protein fraction with a high trypsin- tion in the hydrolysate diet was equal to, or greater than, 
inhibiting activity. Ground lirna beans were extracted the effect in the diet containing the unhydrolyzed protein. 
with dilute acid, and the active factor in the extract ad- These results are consistent with the hypothesis that lima 
sorbed on bentonite, eluted wih aqueous pyridine, dialyzed bean protein fractions that have exceptionally high tryp- 

TABLE 1 

GROWTHINHIBITION BY 	 F ~ A C ~ RATS~ ONS ~IYDROLYSATEPRODUCEDLIMA BEAN PROTEIN I N  ~ ~ CASEIN DIETS 

li'c-ed consumption U'eight gain Gain in weight 

Group Nitrogen source (gm/rat/day) (gm/rat/day) (gm/gm N consumed) 


A* B A B A B 


1 Casein hydrolysate 8.5 9.3 
+ tryptophan
+ cystille 


2 + lima hean 7.2 . .. 

fract., 1.6% 


3 	 + lima bean 8.0 ... 

fract., 1.6%, 

heated at 1S 

lbs steam 

for 30 min 


4 	 + lima bean 6.7 7.6 

fract., 3.2% 


5 	 + lima bean 8.4 10.0 

fract., 3.20/,, 

heated at 15 

lbs steam 

for 30 min 


6 Conlmercial casein 9.0 11.1 

7 " + lima 7.3 8.8 


bean fract., 

3.2% 

* Experiment A, 0.4% tryptophan, 0.6% cystiue; Experiment B, 0.25% tryptophan, 0.8% cystine. 

free of pyridine) precipitated by ammonium sulfate, sin-inhibiting activity exert their major growth-inhibit- 
dialyzed salt-free, and dried from the frozen state. I n  ing effect through some mechanism not directly related 
vitro tests with crystalline trypsin and casein substrate to the inhibition of the normal enzymatic hydrolysis of 
indicated that this preparation produced 95% or more dietary protein. A more extensive study of the growth- 
inhibition of one-fifth of its weight of crystalline trypsin inhibiting eEect of crude and purified lima bean protein 
protein. fractions will be published at  a later date. 

The cxpcrimental diets were fed to groups of 10 albino 
rats (5  males and 5 females per group, with an average References 
initial weight of 80 gm) for 6 days, during which daily 
records were kept of food consumption per group and i: ~ ~ ~ C E ; f ~ ~ s , M , . , B ~ , " ~ " , ~ ~ , " ~ ~  L.1g36t227~ZrMa1ETT,
weight of the individual rats. Experiments of this nature, Arch. RiocJ~em..  1947. 13, 291. 

carried for as long as  7 weeks in this laboratory, have BOWMAN, E. cap. 5 i o l .  Med.,
3. D. roc. S o c .  1944, 57, 
conclusively demonstrated that results after 5 days are 139. 

completely indicative of tho relative values after 6 weeks 4' 'I' O. '. bZ:ol'CJ'em" 19339 73'
6. CHEISTENSEN,H. N., and LYNCII, E. 1,. J .  biol. Chem.,  

or longer. Litters were divided between groups so that 1946. 166. 87. 

comparison between litter mates was possible; however, DDSII<ACHAR, 8. R., and DE, S. S. 3947,
II. 	 Science, 
results on this basis did not differ significantly from those 106, 421. 

based on average weight gain per group. HAM, W. E., and ~ A N D S T E D T ,  12. M. d .  bioZ. Chem.,  
1944, 154, 506. 

The results of two experiments are presented in Table HAM,W. E ,  SANIISTEDT, 	 F. E.It. nf., and MIJSSEFIL, 
1. Experiments A and B were run with different batches J .  biol. Chem.,  104Ti, 161, 635. 

of casein hydrolysate and with different amounts of added I'Ioovsn, S. K., and I<oites, B:. L. C .  d .  biol. Chem., 


tryptophan, which may explain the relatively minor quan- 1947, 167, 190. 

IZUNITZ, M. J. gen. l'hysiol., 1946, 29, 149. 

titative diff'erences in  some cases. The lima bean fraction KLOSE,A. A., HILL, BARBARA, H. L.and FEVOLD, Proo. 
produced a marked depression of growth when fed a t  Soc. eap. Biol. Med., 1946, 62,10. 
both the 1.6 and 3.2% levels. Growth rates on diets con- 	 H., ScHwlnrnI~~,S. Bnzl~moZogia,LINEWDAVDIL,and 

taining the heated, and hence inactivated, lima bean 1941, 10, 81. 
SCHDIN,A. H., and BERG, C. P. Arch. Biochem., 1946,

fractions were essentially equal to the rate on the basal 11. 200. 

SCIENCE, July 23, 1948, Vol. 108 	 80 


