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Pate in Rats of Heterologous Protein 
Labeled "Internally" by S35and 
"Externally" by 1131 

Wallace Friedberg, Harry Walter, 
Felix Haurowitz 
Dcpnrtmerrt of Chemistry, 
Isdiana Uaiversity, Bloomiagton 

The widespread use of radioactive labels to  study 
protein metabolism prompted us to compare the fate 
of attached as an "external" label to serum al- 
bumin with that of S3j-amino acids incorporated into 
the same protein molecule as  ail "internal" label. The 
doubly labeled protein was prepared by injecting 
guinea pigs with a yeast hydrolyzate containing S3j- 
amino acids ( I ) ,  sacrificing the animals after 6 to 1 2  
hr, isolating the serum albumin, and labeling it  with 
traces of Il3Iin vitvo (2).  Nine days after the intra- 
venous administration of the doubly labeled guinea- 
pig seruill albumin to rats, the aninials were sacrificed. 
Dry protein powders (3)  were prepared from the 
liver homogenates, and the protein-bound radioactiv- 
ity was determined repeatedly during a period of 
several weeks. An aliquot of the injected protein was 
treated similarly. 

The activities resulting from and S35 were cal- 
culated from the decay rate of 30-mg samples using the 
equations R, = So + I o  and Rt = Sox 0.5t/87+ I, x 0.5t/s, 
where R, is the total activity (in counts per minute) 
and So  and I, the activities of S35 and a t  zero 
time, respectively; B, is the total activity a t  the tinw 
t. The results of two such experiments (4 )  are shown 
in Table 1. 

We express our results by the ratio "percentage of 
persisting S35/percentage of persisting 113171in the 
proteins of the ra t  liver. Obviously, this ratio remains 
1.0 when both isotopes are metabolized a t  the same 
rate. According to Table 1,the percentage of persist- 
ing S3j is, however, 72 or 58 tirnes higher than that 
of persisting This may be caused by ( i )  partial 
deiodination of the injected protein and persistence 

Table 1.Radioact ivi ty  of Ill1a n d  Sla i n  doubly labeled 
guinea-pig serum albumin a n d  i n  t h e  liver homogenate of 
injected rats .  (All  activities a r c  exprcsscd a s  counts pc r  
minute on  the 6 th  clay a f t e r  the  r a t s  ~ v c t c  sacrificed.) 
-	 .-

R a t  -1-WP R a t  7-11'23 

G i r t ? & ~ ~pag scTu9ta ulbu9t~r~c 
Inject ion (mg)  10.4 8.0 
S'"activity 40 x lo1 67 x lo1  
I1 act ivi ty  11.2 x l O O  13.3 x 10" 

Rat liver proteins 
weight ( g )  1.02 1.20 

SJj (act ivi ty)  0.85 x 10" 1.87 x 10:' 
S" ((%of inject ion)  2.1 2.8 
Ilal(act ivi ty)  3.2 x 10" 6.45 x l o 3  
I'31(% of inject ion)  0.029 0.048 
Ratio 
yo s:13/yo 11:11 7 4  5 S 

of the deiodinated product in the liver; (ii)  incor- 
poration into the r a t  liver proteins of S3j-cystine, 
S35-methionine, or peptides containing these amino 
acids; or (iii) a combination of these processes. I n  
cach of these cases, the percentage of guinea-pig 
serum albumin persisting in the ra t  liver will be quite 
different from the percentages of persisting I Id1  

and/or S3j. I f  deiodination or  loss of iodinated amino 
acids, as  we believe, is the major factor responsible 
fo r  our results, the amount of guinea-pig protein de- 
posited in the ra t  liver would he many times higher 
than that indicated by the low content. 
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Goiter Production and Prevention 
in Rats 

L. 	Van Middlesworth 
Dspartmeat o f  Physiology, University o f  Tcancssce, 
Memphis 

Laboratory studies of the causes of dietary goiter 
have been handicapped by the lack of an experimen- 
tal diet that would rapidly arid reproducibly produce 
goiter in the absence of known goitrogenic chemicals. 
A low iodide diet is available commercially ( I ) ,  pre- 
pared according to the recoinmendation of Reming-
ton (2).  I n  rats this diet produces goiter very slowly. 
We have prepared low-iodide diets (3)  with casein 
and sucrose as the basic components. These mixtures 
were not goitrogenic. 

I n  June 1953 we received a communication from 
Eartly and Leblond ( 4 )  stating that a commercial 
cereal ( 5 )  was low in iodine content and could be 
used as  a diet fo r  rats. F o r  the past 20 mo we have 
studied iodide metabolism of rats fed this cereal. 111 
this rrport ( 6 )  the cereal is referred to as Cereal-G. 
Rrpeated analyses have shown that Cereal-G con-
tained 0.015 to 0.035 ~g of iodide per grain (7-ZZ), 
and i t  was consistently goitrogenic. 

The commercial Remington diet contained 0.08 ~g 
(7) of iodide per gram according to our analyses, 
although Relnington reported that his original mix- 
tures were a3 low as  0.015 wg of iodide per gram. 
Our  diets of sucrose with 1 3  and 26 percent caiein 
(3) contained, respectively, 0.03 and 0.05 pg of total 
iodide per gram (7).  

Groups of Long-Evans male rats, 60 to 100 g 
initial body weight, were fed one of the afore-meii- 
tioiied diets fo r  6 wk to 2 yr. All diets were supple- 
inciited with distilled 11-atcr, and the rats were riiain- 
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tained in wire-bottomed cages in an isolated, air-con- 
ditioned room ventilated with filtered air. At indi-
cated intervals, groups of the animals were sacrificed. 
Their fresh thyroid glands were removed and weighed. 

Table 1 shows that Cereal-G produced thyroids 3 
times the normal size within 6 wk. Some of the Rem- 
ington-fed rats developed slight goiters after 8 mo; 
however, after 18  to 26 mo, thyroids of the Reining- 
ton rats were as large as the glands in the rats fed 
Cereal-G for  12 mo. The final age and body weight of 
the Remington-fed rats exceeded the age and weight 
of our other groups. The thyroid weights of the rats 
fed Cereal-G increased progressively, but their body 
growth was retarded. Four of the animals, fed Ce- 
real-G for  12 ino, had thyroids that weighed more 
than 100 mg/100 g of body weight; control values 
never exceeded 1 4  mg/100 g. 

Large thyroids were obtained by alternating Ce-
real-G and Cereal-G with casein. The glands in  this 
group averaged more than 11 times normal weight 
(largest thyroid weighed 492 mg). When these rats 
were sacrificed, their health, appetite, and f u r  were 
in good condition. The meail thyroid size was large in 
this group;  however, the standard deviations were 
also large. This resulted in no significant difference 
( P= > 0.1) between the mean thyroid weight of this 
group and the mean values of the groups fed Rem- 
ington or Cereal-G f o r  the longest duration. 

Cereal-G with 25 percent casein for  8 wk resulted 
i11 significant enlargement (P= 0.01) of the thyroid. 

After 20 wk of this diet the thyroid size was normal. 
The casein-sucrose diets did not produce goiter. 

The addition of 1.5 ,ug of NaI  to the daily Cereal-G 
intake practically prevented the goiter, and 3 ~g of 
NaI  per day resulted in thyroid weights similar to 
those of the controls. 

These data may be summarized as follows. Cereal-G 
produced goiters in rats more rapidly than a some-
what similar mixture of grains (Remington). A 
casein-sucrose diet was less goitrogenic than casein 
plus Cereal-G, even though both diets had the same 
total iodine content. Addition of casein to  Cereal-G 
partially prevented goiter and stimulated body 
growth; withdrawal of casein from this diet produced 
the largest goiters that we have observed. The goitro- 
genic effect of Cereal-G was prevented by 3 pg of 
NaI per day. 

These observations suggest the following possible 
explanations: ( i )  The fact that Cereal-G is more 
quickly goitrogenic than Remington diet indicates 
that there is either a goitrogen among the original in- 
gredients of C e r e a l 4  or an antigoitrogen in the Rem- 
ington diet; or else the processing of Cereal-G may 
have increased its goitrogenic properties. (ii)  The 
iodide requiremenk of rats may be decreased by 
casein or increased by Cereal-G. (iii) The goitrogenic 
property of Cereal-G may be due to an ingredient 
that interferes with production or utilization of the 
thyroid hormone or  to the lack of a substance re-
quired to produce thyroid hormone. (iv) The goiter 

Table 1.Thyroid weights of rats fed different diets for progressirely incrkased durations. 

Weeks No. Body wt. 

011 of ( g )  


diet rats 2 S.D." 


F e d  d ~ e t  leas than 4 mo 

Thyroid
Thyroid wt. mg/100gm

(mgj  body wt.
2 S.D." 1- S.D.*' 

15 & 1.7 9.8 + 1.1 
54 j: 18 31 t 1 0  
60 2 12 29.7 2 12 
31.4 & 14 15.1 & 4.1 
16 2 3.6 10.5 + 2.4 
15 2 3.4 9.7 i. 2.8 

22 5 4.8 I1 + 1.9 
23 + 4.3 7.3 ? 1.3 
18 2 5.6 7.0 5 1.8 
32 & 8.8 10.7 2 4.1 
39 ?r 19 14 2 7.1 

192 2 58 72 +20 

27 2 3.6 7.5 i 0.98 
133 & 55 54.4 & 22 
61 j: 9 17 & 6 
26 2 5.2 8.7 1.7 

231 .+I46 52.8 1- 33 

296 + 104 90.0 i: 53 

Control (Purina lab. chow) 
Cereal-G 

Cereal-G 

Cereal-Gt 25% casein 

Cereal-G+ N a I  (1.5 kg NaI  per day) 

Cereal-G +- N a I  (3.0 pg NaI  per clay) 


Control (Rockland Farms) 

26% casein (with sucrose) 

13% casein (with sucrose) 

Cereal-G+ 25% casein 

Remington 

Cereal-G 


Control (Purina lab. chow) 

Cereal-G 

Cereal-G t 10% casein 

26y0 casein (with sucrose) 

Remington 

Cereal-G 3 mo, then Cereal-C> t 25% 


casein 2 mo, then Cereal-G 6 mo 

8 
6 

12 
8 
8 
8 

24 
16 
16 
20 
32 
3 2 

40-50 
50 
50 

100 

8 153 2 14 
9 175j: 33 
9 202 2 41 

14 2081- 43 
6 1 5 2 2  17 
4 155 2 17 

E'cd drc,t 4 lo  8 ?no 

9 197 2 44 
5 315+ 38 

11 2605  43 
6 336 2 14 

15 2755  18 
11 2662 27 

F e d  d m 1  10 to 26 nzo 

13 
10 

2 
5 

362k 38 
249 ?1 57 
3702  71 
2 9 4 t  36 
438 2 118 

329 .+ 53 

80-110 6 

7 

* S.D. means standard deviation calculated from the range IR. B. Dean and TV. J. Uixon, Anal. Chenz. 23, 636 (1951)3.  



prevention effect of NaI  may demonstrate that Ce-
real-G is deficient in iodide; however, these data could 
result if N a I  reduced the effectiveness of a goitro-
genic mechanism ( 12 )  other than iodine deficiency. 
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Production of Milky-Disease Spores (Bacillus 
popilliae Dutky and Bacillus lentimorbus 
Dutky) on Artificial Media 
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Cornell University, Geneva 
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The larvae of two destructive soil-inhabiting in- 
sects, the Japanese beetle, Popilliu japoflica Newm., 
and the European chafer, Amphimul lon nzajalis 
(Razoum.), are susceptible to milky disease (1). 
Dutky (2) described two species of spore-forming 
bacilli, Bacillus popilliae and B. lentimovbus that 
cause milky disease. These two species are able to  
invade the blood of larvae and produce large num-
bers of spores. After the larvae die, the spores are  
liberated in  the soil, where they may infect other 
larvae. 

To facilitate the natural spread of the disease, i t  
has been 'feasible to inoculate the soil with milky-dis- 
ease spore dust produced by a patented process ( 3 )  
described by White and Dutky (4) .  Living larvae are  
used as  the substrate. Dutky (2 ,  5 )  reported cultiva- 
tion of both species of bacilli on artificial media in  
the vegetative state; however, they did not sporulate. 
The biological control of these insects could be con-
siderably facilitated if a practical method f o r  the 
production of milky-disease spores on artificial media 
were developed. 

This article (6)  presents the results of a project 
that was set u p  to study the ifl vitvo characteristics 
of these bacteria with the objective of duplicating, as  
f a r  as possible, the in vivo  reactions, particularly 
sporulation. 

A detailed study was undertaken of the growth of 
these organisms in the vegetative state on various 
types of media (7) .  Particular attention was given to 
pH, oxygen tension, growth factor, and the carbo-
hydrate and nitrogen requirements of the organisms. 
Excellent vegetative growth was obtained, and spores 
formed occasionally. However, the spores were not 
typical of those formed within the living larvae. 

Sporulation in  a diseased larva occurs after the 
vegetative cells have become very numerous i n  the 
blood. This suggested that the supply of an essential 
nutrient might become deficient preceding sporula- 
tion. A nutrient deficiency might be a factor induc- 
ing sporulation (8). This possibility was investigated 
by growing the vegetative cells on a complete medium 
and then transferring then1 to a starvation medium 
on which further growth was impossible. Spores 
formed that were indistinguishable from those pro-
duced within the living larva. Details of the method -
follow. 

An inoculum was prepared by sterilizing the sur-
face of a diseased larva in 0.5-percent sodium hypo- 
chlorite solution, puncturing the hemacoele through 
the dorsal body regicln, and suspending tl,r spores in 
sterile water. The spore suspension was heated a t  
70°C f o r  1 5  min. to destroy the vegetative cells. The 
spores were inoculated onto the surface of petri-dish 
cultures containing a complete medium made with the 
following ingredients : tryptone, 5 g ;  yeast extract, 
3 g ;  K,HP04,  3 g ;  glucose, 1g ;  maltose. 1g ;  soluble 
starch, 1 0  g ;  agar, 1 5  g ;  and distilled water, 1000 ml. 
The cultures were incubated at 32OC for  approxi-
mately 4 days in  order to insure good growth and 
germination of all spores. 

The cells were then transferred as  a paste from the 
surface of the complete nlediurn to the surface of a 
starvation medium containing the following ingredi- 
ents: (NH4),1EPO4,1g ;  KC1, 0.2 g ;  MgS04, 0.2 g ;  
yeast extract, 0.2 g ;  agar, 1 5  g ;  and distilled water, 
1000 ml. Cells were incubated on the starvation me- 
dium a t  32') 37O, and 45OC. Although no further 
growth took place under these conditions, sporulation 
occurred within 24 to 72 hr  a t  all three temperatures; 
the highest yield of spores was obtained a t  37'C. 


