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F I G .  2 .  Curves for spectral distribution of 4 retinal proc- 
esses of dicliroiunts. 

shows that the distribution curves fo r  the deteriorated 
processes, viz., the R in the protanope and the G in 
the deuteranope, are much lower and narrower than 
the other curves. 

The well-known theory of Young assumes that one 
of three components is lacking in dichromats, but this 
claim obviously does not conform to our findings, (1) 
because there are, in  reality, four components instead 
of three; and (2) because no component is entirely 
lacking, although the R or G component, in the re- 
spective color-blind types, is weaker than any others. 
It is to be expected from Young's theory that the 
sensitivity to yellow of dichromats would be deterio- 
rated on account of the absence of the R or G, but in 
reality no such serious deterioration as would be ex- 
pected from the theory can be demonstrated. More- 
over, in  rare  cases such as those reported by v. Kries 
( 3 )  and by Judd  ( 4 ) ,  in  which one eye was color-

WAVE - LENGTH - m,u 
F I G .  3. Curves for spectral distribution of 4 retinal proc- 

esses of anomalous trichromats. 

anomalous and the other was normal, the par t  of the 
spectrum which looked yellow to the normal eye also 
looked yellow or yellowish to the anomalous eye. These 
facts which the trichromatic theory fails to interpret 
can easily be understood on the basis of our finding 
that the Y component is well developed in the fovea 
of dichromats. I t  is generally believed that there is a 
qualitative difference between anomalous trichroma- 
tism and dichromatism. I n  the light of our findings 
the difference is, however, merely quantitative (Fig. 3) .  
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Chromatographic Separation of Amino 
Sugars and Amino Acids, Using the 
N- (2 :4-dinitrophenyl) Derivatives 

P. W. KentyZG. Lawson, and A. Senior 

A. E .  Hills Laboratories, 
U?tiversity of Birmiagham, England 

I n  the study of bacterial polysaccharides and muco- 
complexes, the need has been found for  more sensitive 
methods of detection and estimation of microquanti- 
ties of amino sugars in  the presence of amino acids, 
neutral sugars, and uronic acids. 

The ordinary procedures of paper chromatography 
( I ) , investigated independently ( 2 ) ,were found to be 
suitable fo r  the separation of mixtures of neutral 
partly methylated sugars. The amino sugars, studied 
by this method, separated much less readily, because 
of a slow rate of migration and the diffuse character 
of the spots-since thought to be due to  the ion-ex- 
change behavior of the papers. Some reducing amino 
sugars could only be observed by their reaction with 
alkaline silver nitrate or with ninhydrin, whereas oth- 
ers, mainly nonreducing amino sugar derivatives-
e.g., glucosides-could only be detected by spraying 
the chromatogram with dilute alkaline potassium 
permanganate (3). The introduction of ani!ine hydro- 
gen phthalate (4)  as a n  improved general reaction for  
reducing sugars gave little or no coloration with free 
amino sugars or N-acetylated sugars. I t  has now been 
found that N- (2 :4-dinitrophenyl) reducing amino 
sugars ( 5 )  did react when warmed with aniline hydro- 
gen phthalate. 

Investigation showed that amino sugars would react 
readily under mild conditions (viz., room temperature 
in  the presence of sodium bicarbonate) with 2:4-di- 
nitrofluorobenzene forming stable N- ( 2  :4-dinitro- 
phenyl) derivatives and that the colored nature of 
these compounds rendered them preeminently suitable 
fo r  c h r b m a t ~ g ~ a p h i c  neutralanalysis. A mixture of 
sugars, a uronic acid, and DNP2 glucosamine was 

1 I.C.I. fellow of Birmingham University. 

2 DNP = N-(2 :4-dinitrophenyl). 




TABLE 1 
R, VALUES 

(40% butanol-10% ethanol-50% water [neutral1
'whatman No. 1 filter paper down~vard migration)- 

D-glucosamine hydrochlorida .1 t - t 
N-acetyl-D-glucosamine .24 t - t 
N-carbobenzosy a methyl

glucosaminide .82 - - -
3-methyl N-acetyl glucosamine .34 t - -
4 :6-dimethyl N-acetyl glucosam line .50 t t -
3 :4:6 trimethyl N-acetyl 

glucosamine .72 t t -
glucosaminic acid .02 - - t 
a methyl 2(acetan;ido-) 

glucopyranoside 	 .31 - - f 
6 methyl 2-(acetamido-) 

glucofuranoside .42 2 -
N-(2: 4 dinitrophenyl) D-glucosamine .75 + t -
1: 3: 4 : 6 tetracetyl DNP-D- 

glucosamine .93 f -t -
DNP glucosamine diethyl mercaptal .89 - - -
tetracetyl DNP glucosamine 

diethyl mercaptal .96 - - -
DNP glucosaminic acid .60 - - -
DNP chondrosami~ie .61 + t -
1: 3 : 4 : 6-tetracetyl L)NP 

chondrosamine .92 t t -
DNP glycine 
DNP tyrosine 

(i) -64 1 - - -DNP histidine (ii) .85 1 
DNP arginine .65 - - -
DNP valine 	 .72 - - -
DNP aswartic acid 
D'NP alanine 
DNP tryptophane 

readily separated using Whatman No. 1filter paper 
and neutral N-butanol (40%)-ethanol (10%)-
water (60%) as the eluting agent. The yellow band 
could be observed directly, and on spraying the chro- 
matogram with aniline hydrogen phthalate the other 
sugars were revealed and the identity of the colored 
band confirmed as an amino sugar derivative by its 
specific color change from yellow to brown. 

A typical mixture separated has the following com- 
position : glucose (0.31 mg) , rhamnose (1.44 mg) , 
arabinose (0.26 mg) , 2 :3 :4 :6 tetramethyl glucose 
(0.23 mg) , D N P  tetracetylglucosamine (0.35 mg) . 
March 20, 1951 

The reaction with 2 :4-dinitrofluorobenzene could be 
carried in the presence of neutral sugars. Thus a mix- 
ture containing, f o r  example, glucosamine ( 2  mg),  
arabinose ( 4  mg), glucose (10 mg) ,  and glucuronic 
acid (5  mg) in 1.0 ml 1%sodium bicarbonate and 1.0 
ml ethanol reacted a t  room temperature when shaken 
with 2 :4-dinitrofluorobenzene (0.06 ml, i.e., excess). 
Two drops of the resulting reaction mixture were ap-  
plied to the chromatogram. The D N P  amino sugar was 
clearly separated, the unchanged fluoro reagent moved 
with the solvent front, and the remaining sugars were 
observed by treatment with aniline hydrogen phthalate. 

I t  was also found possible to  separate D N P  glu- 
cosanline from D N P  chondrosamine and free amino 
acids, the latter being observed by their coloration 
with ninhydrin. 

The problem of the separation of D N P  amino 
sugars and DNP amino acids (6)  has been investi- 
gated. This involved the determination of the RF 
values of numerous D N P  amino acids as  summarized 
in Table 1. It was found that  a distinct separation 
could be achieved between many D N P  amino acids, 
D N P  amino sugars, and free amino acids. D N P  amino 
acids were without effect on silver nitrate solution, 
aniline hydrogen phthalate, or ninhydrin. 

The results are being applied to the investigation of 
the hydrolyzates from various mucopolysaccharides. 
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Proteins of Liver and Hepatoma 
Mitochondria 

George H. Hogeboom and Walter C. Schneider 
National Cancer Institute, 

National Institutes of  Health, Bethesda, Maryland 


The cytoplasmic inclusions known under the term 
mitechond~ia or chondriosomes are  among the most 
prominent and widely distributed structures of diving 
cells ( 1 ) .As a result of cytological studies carried out 
in the past 50 years, a number of theories have arisen 
concerning the physiological significance of mito-
chondria, including the still-tenable and intriguing 
view that they are  self-daplieating and mtewomons 
cell organelles (2).Until recently, however, most ideas 
pertaining to their function have been based largely 
on conjecture. 

With the advent of improvements in  the technique 
of cell fractionation by means of differential centrif- 
ugation, permitting the isolation of intracellular com- 
ponents in  cytologically defined states (3),  the im-
portance of the role played by the mitochondrion in 
cellular metabolism has become increasingly apparent. 


