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and slowed reduction a t  M/1,000. Sodium malonate, 
sodium azide, 2,4-dinitrophenol, sodium fluoride, and 
iodoacetic acid merely slowed reduction a t  M/100 final 
concentration. Undecylenic acid, a fungicidal agent, 
stopped reduction completely. From this lack of specific- 
i ty for  inhibitors i t  would seem that  a number of reduc- 
i ng  enzymes acting on materials inside the cell can re-
duce the dye. Aeration by shaking retarded reduction, 
perhaps because i t  raised the redox potential too high 
(over -0.08 v) or because oxygen competed with the TTC. 

Experiments on the reduction of TTC by Penicillium 
chrysogenum have added proof to  the theory tha t  peni- 
cillin is formed by a relatively inactive mold. Appar-
ently a number of reductases can reduce the dye to the 
colored formazan. TTC promises to be an  interesting 
and useful reagent in studies on cellular physiology. 
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Existence of a Tryptophan-Niacin 
Relationship in Corn 
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The role of tryptophan as  a precursor of niacin (nico- 
tinic acid) and i ts  metabolites, especially in the presence 
of adequate amounts of vitamin B,, has been demon-
strated by recent investigations with mammals (3 ,  5-7). 
It has also been shown that  tryptophan serves as  a niacin 
precursor in the fungus Neurospora by way of kynurenine 
and 3-hydroxy anthranilic acid (2, 4). On the other 
hand, neither tryptophan nor any of i ts  intermediates 
indicated in Neurospora seems to affect niacin production 
in  Lactobacillus arabinosus and certain other micro-
organisms (10). It has also been reported tha t  t l ~ e  
tryptophan niacin relationship does not exist in the case 
of bean seedlings grown without their cotyledons on syn- 
thetic media (9). The present study, however, indicates 
t ha t  a tryptophan-niacin relationship, like tha t  found 
for  certain mammals and Neurospora, may exist in a 
representative higher plant. Experiments in this labora- 
tory have demonstrated that the addition of L-tryptophan 
to  the nutrient medium results in a significantly increased 
niacin content i n  mature excised oorn embryos grown in  
sterile culture. 

Seeds of a genetically high-niacin corn (Tennessee 
Inbred 13)2 mere sterilized with HgCl, and soaked .in 
water overnight. The embryos (including scutella) were 
removed intact by sterile excision and transferred to 
individual Erlenmeyer flasks containing a liquid medium 
consisting of mineral salts, sucrose, and certain vitamins. 
Two sets of experiments were conducted. 

1 Lalor Fellow. 
2 Tllis seed was kindly supplied by Mr. B'. D. Richey of the 

U. S. Department of Agriculture. 

I n  experiment 1 various combination concentrations 
of L-tryptophan and vitamin B, (equimolar quantities of 
pyridoxine, pyridoxamine, and pyridoxal) were added to 
each 10 ml (per flask) of the basal nutrient solution. 
The L-tryptophan and B, were previously sterilized by 
bacteriological filtration. The embryos were grown in 
the dark a t  25" C for  10 days and assayed fo r  niacin by 

NIACIN CONTENT OF GnomxEXCISED CORN EM~RYOS FOR 

30 DAYSI N  DARK\\'ITH VARIOUSCONCENTRATION 
COI\IBINATIONS AND VITAMINBnO F  L-TRYPTOPIIAN 

Num- Aver- Po" 
Treatment 

(per embryo) 
ber of 
enl-

" nit~ein Niacin 
per g n ~  

bryos perseedling dry ''I 

100 pg L-tryptophan + 100 pg 8 G.24 62.7 
vita~niiif3a 

300 pg L-tryptophan + 50 pg 6 5.78 60.0 
vitamin f3a 

100 pg L-tryptophan + 10 pg 6 6.32 G2.3 
vitamin Bo 

nfean 6.11 i0.17" G2.0+ O.B* 

500 pg L-1ryl)loyhaii+ 100 pg 8 7.44 73 7 
vita~niiif36 

500 pg L-tryptophan + 50 pg 4 6.36 73.1 
vita~ninf36 

500 pg L-tryptophant 10 pf 0 6.54 70.4 
vitamin Bo 

Ifran 6.78 5 0.33* 72.4 1.0* 

1000 pg L tryptophan + 100 pg 8 8.71 85.7 
vita~niiif3a 

3 000 pg L-tryptophan+ 50 pg 8 8.55 00.3 
vitamin Ba 

3 000 pg L tryptophan + 10 pg 0 7.70 86.0 
vitamin Bo 

Mean 8.35 i. 0.29" 89.3 A 3.5* 

" St;~n(l:li.cl error. 

the microbiological method employing Lactobacillus ara-
binosus (1).  Experiment I reveals (Table 1 )  niacin 
synthesis in exccss of tha t  of the controls to be a dircet 
function of L-tryptophan suppIy and to  be independent 
of the concentration of vitamin B, employed. On a per- 
plant basis niacin was increased a s  much as  64% over the 
controls when 1,000 pg of L-tryptophan, with various eon- 
centratioxis of B,, were added to the nutrient solution. 

I n  experiment I1 the effects on niacin synthesis of L-
tryptophan and vitamin B, individually, as  well as  in 
combination, wcre studied. The data (Table 2 )  sl~olv 
tha t  the addition of 1,000 pg  of L-tryptophan, singly or 
in combination with vitamin B,, resulted in a 35% to 42% 
increase in niacin synthesis over tha t  of the controls on 
both a per-plant and a dry weight percentage basis. Sta-
tistical examination of these data  by use of the t test and 
by analysis of variance (multiple classification) (8) shov7 
the increase to be highly significant (P < 1%).  However, 
the use of L-tryptophan and vitamin B, in combination 
resulted in only a 7% to 9% increase i n  niacin production 
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above that obtained by using L-tryptophan alone. This 

increment is not statistically significant. Nor did the 

addition of vitamin B, alone significantly increase niacin 
synthesis over that of the controls as  checked by the same 
statistical procedure. The increment was only 3y0 to 
5%. . The quantitative differences in the responses of 

TABLE 2 

NIACINCOXTENT*OF CORN GROWNEXCISED EMBRYOS 
FOR 10 DAYSI N  DARICWITH AND \\'ITROUT 

I,-'YnnI~,rol~rraN VITAMIN BoA N D  

Experiment I1 

NIIIII- Average Avclage 
Treatment ber of pg iiiaciii pg iiiaciii 

(per embryo) em- per per gin 
bryos seedling dry wt 

53 pg vit:unin no 45 5.38 + 0.16 66.3 & 1.0 
1000 wg L-trypto~han 35 6.60 + 0.28 85.6 + 1.5 
53 pg vitamin Bs 111~s 1000 pg 40 , 7.06 + 0.01 90.1 + 1.4 

l~-tsy~1to~lll:lll 

* Each niacin value represents the mean of 5 replicated 
treatments, each treatment 	involving 7-9 seedlings. 


7 Standard error. 


embryos in the two experiments were probably due to the 
use of seeds froin two different crops of the same genetic 
line. 

Niacin assays of the nutrient solutions in which the em- 
bryos had been grown indicate that a negligible amount 
of niacin (< 0.1 pg per plant) was lost by the embryos 
to the nutrient medium. 

I t  would appear from these experiments with excised 
embryos that a tryptophan-niacin relationship exists in 
corn, 	 and that i t  is independent of added vitamin B,. 
Clarification of the role of tryptophan in this relationsl~ip, 
as well as in the normal metabolism of intact corn plants, 
will be a subject for future investigation. Such informa- 
tion will have added importance in view of the char-
acteristically low tryptophan content of corn.3 
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Present methods of preserving eggs by freezing require 
that the eggs be broken out of their shells, stirred to 
break the membranes, and stabilized by the addition of 
some material such as salt or sugar (9).  The use of this 
product is limited to bakeries, confectioneries, and similar 
commercial establishments. 

Up to the present time, eggs in the shell have been 
preserved only a t  temperatures above the freezing point 
of water. Ordinary cold storage, a combination of cold 
storage and gas storage ( 7 ) ,  and other more or less 
empirical procedures ( 8 )  are commoilly used. All these 
methods possess certain disadvantages including displacc- 
nient of the yolk, weakening of the ritelline membrane, 
considerable loss of weight, acquisition of off-odors and 
flavors during storage, and various other minor changes. 

A method has been developed in this laboratory for 
freezing eggs without cracking the shell. This minimizes 
the above undesirable changes, and the eggs are suitable 
for home use. Furthermore, the resistance of the embryo 
to freezing temperatures is increased, as shown by hatch- 
ability tests now in progress. 

The beginning of the process goes back to 1937, when 
the author was working on the freezing of mushrooms 
a t  the Low Temperature Institute, Cambridge, England. 
There the idea came to him that if the amount of water 
corresponding to the expansion of the ice forrned by 
freezing were removed uniformly from the tissues, i t  
would probably prevent the disruption of the cells and 
obviate blanching. The preliminary tests a t  Cambridge 
indicated that this idea, despite the fact that the amount 
of water to be removed from the mushroom was found to 
be much more than the amount anticipated, was not with- 
out merit. The work was continued with more or less 
successful results on various other products in the lab- 
oratory a t  the Food Research Experiment Station, Athens, 
Greece, where the author was in charge until 1945. Mean-
while, in 1939, he obtained a Greek patent (4) on a 
process of freezing foods following partial dehydration 
which actually is the first original and theoretically estab- 
lished process of dehydrofreezing. The work was inter- 
rupted by the war, but resumed in Louisiana in 1946. 

Since i t  appeared that expansion of the ice formed 
from the water of the tissues mas the primary cause of 
most of the major changes occurring during freezing, a 
study was undertaken of the mechanism of these changes 
by associating them with the drip (the liquid exuded 
from the product during thawing). Adequate methods 
of measuring the drip have been developed (5, 6 ) ,  and 
and by their use i t  has been possible to accumulate a 
multitude of data, to be published later, corroboratinq 


