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l la ts  bred in this laboratory or1 onr prceuperinlental 
diet, which has been described in detail (1 ,  4),haye been 
slronn to grow on a diet containing ho~nocystine as  the 
sole source of sulfur-containing amino acids, without 
lrnown sources of labile methyl donors. The i~uportance 
of the pree~perirnental diet for this phenomenon has 
been emphasized (I) and the possibility of stored factors 
in\ 011 ed in the utilization of hon~ocystine suggested. 

I n  subsequent studies, Sulfasuxidine was adnlinistered 
to rats under the same ex~rerin~entalcon(litiom, an  the 
nssulr~~,tion tha t  the possible source of labile methyl 
dw~ors  coutd l1ar7e o r ig inak l  frwn i~jtestinal bacterial 
synthesis. This drug is  known to be an  inhillitor of in- 
testinal syntl~esis of biotin and folic acid. The ability 
of the ra ts  to  utilize homocystine seemed to  have been 
lost in conjunction with tlle destruction of the intestinal 
flol.:~ responsible for  synthesis of folic acid, for  growth 
could not be reestablished by dietary supplen~ents of ex-
t r a  l~iotin and of folic acid concentrate or ryzamin-B 
( 2 ,  5). This fac t  suggested tha t  the bacteria synthesize 
a factor involved in the utilization of ho~nocystine. 
ITowever, the ability of the rats to utilize hon~ocystine for  
growth could be reestablished with continued feeding of 
the sulfonamide by further supplementation of the diet 
with Liver Extract Lilly (LEL) .  These results could be 
interpreted a s  indicating tha t  L E L  furnishes to  tlre rats 
factors made unavailable by tlle Sulfasuxidine. Since 
crystalline folic acid had become available, it seemed 
desirable to add i t  to  the vitamin supplement to ensure 
:rdequate replacement of a t  least t n o  vitamins involved, 
ljiotin and folic acid. The present report is concerned 
with the role of folic acid i n  the pronrotion of growtll of 
ra ts  on a labile methyl donor-free diet, containing homo- 
cystine as  tlle sole sulfur amino acid, i n  the presence and 
nljsencc of Sulf asuridine. 

?'he experimental procedure has been outlineil in earlier 
~~ubl ica t ions(3-5).  Tabla 1gives a summary of the re-
sults obtained. The rats fed the S~ilfasuridlne diet had 
ieccifed the basal diet approximately 50 d a j s  before the 
initial period xeportcd in tlle table. Rats 5437,l i t ter-  
rn:~tes, sl~ow the best response to  folic acid obtained 
under these conditions. The initial weight of the rats 
was 90.5, 80.5, 69.0, and 73.0 g, respectively; the average 
gain per day was 1.2, 0.9, 1.4, and 1.5 g. The growth 
response varies, however, i n  different individuals, and 
data fo r  ra t  62 are presented as an exanlple of those ani- 
n ~ a l s  tha t  do not respond t o  folic acid even though 
growth is  elicited in them by LEL.  Still other rats, not 
reported here, showed intermediate deg~ees  of growth. 

The rats which did not receive the sulfa drug had been 
fed the basal diet approximately 34 days hefore the ini- 

t ial  period reported in the table. When talten from the 
colony diet, a t  36 days of age, the animals were depleted 
on the basal diet, without homocystine, for  14 days. 
Then on addition of homocystine they were allowed to 
regain their initial weight before the 26-day period re-
ported; t l ~ i s  took about 20 days. However, the ra ts  re- 
ceived the extra biotin and folic acid from the begin-
ning of the experimental period. The initial weight of 
the rats was 118.5, 119.0, 98.0, and 103.0 g, respectively; 
the average gain per day was 1.5, 1.7, 1.0, and 1.7 g .  

TABLE 1 

E'BECT OB n'OI.IC dcI1) O N  T I l l  GROWTHOl<' RATSB'k:l) 

A I,.~uII.E METIIIL-FREE DIET CONTAIAIN(: 
II0%10cYSTIX15W I T H  AND NITHOCIT 

A~)DITION SUL~~ASUXIDINEOW 

Rat 
Nos. Diet 

? 

(With 2% 
Sulfasuxidine) 

Bitsill* 12 2.9 78.3 -3 .3  - 0.3 
34-37t Iiasal t Ry$ t Hi$ 12 2.5 75.0 0.3 0.0 

Avg (4) I?asnl -1 Ity t Di t V o  28 4.2 75.3 34.9 1.3 
Bnst11+ Ry -1 lii 18 4.0 110.1 6.0 0.3 

(Without 
Sulfitsuxidinc) 

88-91 Basal t lii + Fo 26 5.4 109.6 37.9 1.5 
Avg (4) 

* The bas;il dict consisted of a 17% amino acid mixtnrc 
( 5 )  and 0.83% hon~ocystine. Whcn Sulfasuxidine was fetl 
it was added to the basal diet, which wits given ad Zibittcrrb. 
Rats 86-91 werr reslrictcd to 6 g of the diet for the first 
16 days itnd itte ad libitum for thc next 10 clays. The stilnd- 
ard dose of' 1%vit:1mins was 500 y each of nicotinic acid, 
1)-atninobrnzoic ircid, and inositol. 200 y of calcinm ptrnto- 
thcnate, 40 y each of t11i:rmin hydrochlorid(>, riboflavin, and 
pyridosinc hydrochloride, and 0.20 y biotin ( 5 ) .  The ryzzr- 
ntin-B, <,extr:r',.biotin, ',folic add, and .JhEL wcyr added .to tht. 
stantlard vitnn~in ~nisturtl and fcd ditily. DI,-IIomocystine 
(100 2 0.5% by disulfide detcmninotion) was prcparetl in this 
laboratory by du Vigncaud's method modified by Hrand 
( 6 ;  7). 

Rats 34-37 werc put baclc on the folic acid snpyleu~cnt in 
i~pproximtttely30 days and grew at  practically the same rate 
for ne:rrly :10 adtlitional days, when tllc growth curvcs 
I(~rcletlor. When killed itftcr 220 (lays on the synthetic. 
diet, they wcighed 181, 168, 166, and 153 g, respectively. 
On autopsy their livers tlitl not itppcitr fatty and weigl~ctl 
7, 6, 8, ant1 6 g. Microscopic examination showcd moderntr 
fatty infiltration of the liver and some tnbular degencratiotl 
of the Bidneys. ' 

$ Ry signifies 62.5 mg oC ryzitmin-H unCor(ii~e(l ('Vlrellcort~(! 
Iksearch 1,aborat orics) . 

B Ri signifies 2 y of biotin. Rats 88-01 rcceivrd 1 y of 
biotin. 

1 1  B'o signilies 20 y of folic acid (Folvite Ledc~rlc). 
7 I.lCI, signifies 60.0 mg of I.iver 1i:xtract 1,ill.v. 
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Under these conditions the rate of growth is quite con-
sistent; the presence of folic acid seems to prevent the 
acute reversible drops in weight observed in previous 
experiments (4). Of 12 rats studied on this diet, only 
one rat, number 90, showed a slight drop in weight with 
food consumption dropping to zero for one day. This 
rat  also showed an early leveling-off of her growth curve 
on the 15th day of the reported period; the growth of the 
other rats did not level off until after the 26-day period. 

The above experiments indicate that rats do not always 
lose their ability to utilize homocystine, under the condi- 
tions prevailing in these experiments, even though their 
intestinal folic acid synthesis has been checked by the 
sulfa drug, since addition of large doses of crystalline 
folic acid enables some rats to continue growth. The 
fact that only some rats respond to folic acid indicates 
that i t  is not the only factor involved. These animals 
retain a latent capacity for the utilization of homocys-
tine, which seems to depend for its manifestation on a 
fairly high level of folic acid and is not destroyed by the 
sulfa drug. The nature of the variability of the growth 
response becomes apparent when we realize that other 
vitamin B factors are probably involved, the most con-
spicuous one being B,,. These factors may be stored in 
the animals in varying amounts from preexperimental 
diets and may therefore be depleted in single animals at  
different periods of the experiment. Work is now under 
way to elucidate these problems. 
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Separation of the Ionic Species of Lysine 
by Means of Partition Chromatography1 

institute for Atomic Researcb and Department of Botany, 
Iows State College, Ames 

I t  is a cardinal principle in chromatography that for 
each compound there is only one position on the chromato- 
gram; this locus is unique in the sense that all of the sub- 
stance is contained within that position, but not in the 
sense that entirely different substances may not also 
.occupy that position. As a corollary, i t  is believed that 
the appearance of two or more loci of substance indicate 
the presence of two or more different compounds. I t  is 

1 Work supported in part by the Ames Laboratory of the 
Atomic Energy Commission under Contract W-7405-eng-82. 

SThe author desires to acknoibledge the assistance of Mr. 
Eeo Vernon in a portion of this work. 

the purpose here to cite exceptions to this corollary, viz., 
that the presence of more than one locus of concentration 
may still be identified with a single substance. 

We have found that paper partition chromatography of 
lysines in a saturated phenol > water system may result 

ma. 1. Ninhydrin-developed spots of lysine aliquoted at 
various pH's: 1 at 2.20, 2 at 8.45, 3 at 9.50, 4 at 10.62, and 
5 at 12.15. 

in a plurality of spots. I f  from a relatively large volume 
of aqueous solution of lysine, small aliquots are taken for 
partition chromatographs, the number and position of 
these spots will depend upon the pH of the aqueous solu- 
tion of the lysine (see Fig. 1). The relative intensities 
will be in rough accord with the distribution of ionic 
species for the different pH's as calculated from ioniza- 

& ' I .  2. The clistrit)ution of ionic species of lysine nt rnri-
oua pH's. 

XThe lysine was purifled by two recrystnllizations, once as 
the picrate and again as the dihydrochloride. This pro. 
cedure was followed for three diflerent sources of material, 
all of which gave the same results: synthetic DL-lysine 
(monohydrochloride), naturally-occurring L-lysine (mono-
hydrochloride), and lysine regenerated from the hydrolysis 
of aminohomopiperidone, and precipitated as the dihydro- 
chloride. Melting points were in agreement with values in 
the literature (1). 


