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Cytochrome c as p repa red  b y  the well known KEILIN AND HARTREE t r ich loroacet ic  
acid  ex t r ac t ion  p rocedurO conta ins  a f ract ion (X) which m a y  be sepa ra t ed  electro-  
phore t i ca l ly  = or chromatographica l ly3 ,  4. Remova l  of  this  a lmost  colourless ma te r i a l  
increases the  i ron conten t  of  the  cy tochrome c from approx.  0 .3% to 0.43--0.45%. 
In  a recent  s t u d y  of  the  amino acid  composi t ion  of  F rac t i on  X,  HENDERSON AND 
PALI~US ~ repor ted  the  presence of  unspecified ca rbohydra te .  De te rmined  as glucose 
b y  the  t h y m o l - s u l p h u r i c  acid  m e t h o d  ~ a va lue  of  8% was obta ined.  The presence 
of fur ther  non-pro te in  ma te r i a l  which was not  reac t ing  in this  e s t ima t ion  m e t h o d  
was indica ted ,  however ,  b y  the  low ni t rogen con ten t  of  8.90/0 . 

We  have  now found t ha t  F rac t i on  X conta ins  sialic acid (as de t e rmined  b y  
the  th ioba rb i tu r i c  acid  m e t h o &  af ter  acid  hydrolysis) .  Two add i t iona l  observa t ions  
conf i rmed the i d e n t i t y  of  the  l ibe ra ted  subs tance  as sialic ac id;  first, i t s  absorp t ion  
spec t rum cor responded  closely to  t h a t  of au then t i c  N A N A  (L. Light  and  Co., Coin- 
brook,  Grea t  Bri ta in)  and  second, over  90% was released b y  the  specific ac t ion  of  
purif ied neuramin idase  (EC 3.2.1.18). As previous  work  had  shown t h a t  F r a c t i o n  X 
i tself  consis ted of  three  componen t s  (a, b and  c) 5 i t  was decided to  examine  the  dis t r i -  
bu t ion  of  the  sialic acid in t e rms  of i ts concen t ra t ion  in those  components .  

A 6% (w/v) solut ion of  beef -hear t  cy tochrome  c (KEILIN--HARTREE prepa ra t ion ,  
0.3% Fe,  sa l t  free, freeze-dried) was made  in 0.02 M phospha te  buffer (pH 7-3), 
conta in ing  o.15 M KCI, I 0.2. This was run  in the  2-ml cell of  the  P e r k i n - E l m e r  
Model 38 Tiselius e lectrophoresis  a p p a r a t u s  a t  I iO V, 20 mA. Cytochrome c m o v e d  
t o w a r d  the  ca thode  and the  three  componen t s  of  F rac t i on  X toward  the  anode.  
Af te r  4-5 h the  ascending l imb of the  cell con ta ined  only  the  three  componen t s  of  

TABLE I 

P R O T E I N  A N D  S I A L I C  A C I D  C O N T E N T S  OF S A M P L E S  C O N T A I N I N G  C O M P O N E N T S  a ,  b A N D  C 

OF F R A C T I O N  X O B T A I N E D  E L E C T R O P H O R E T I C A L L Y  F R O M  B E E F - H E A R T  C Y T O C H R O M E  ~; 

Sialic acid c a l c u t ~  as  N A N A  
Sample (ltg) 
(in order 

of Components Method of hydrolysis 
withdrawal of Pro t e in  

from Fraction X (Hg) A cid Neumminidase 

ascending present Control Co*~trol 
llmb (0.05 N (heated . (boiled 

of cell) H~S04' in absence neura* 
80 °, z h) of acid) minidase) 

I C 5 2 6  1 2  I I  - -  - -  

2 b + c I 8 1 6  1 1 7  I I  1 1 5  11  

3 a + b + c 4023 168 12 157 12 

" Neuraminidase hydrolysis was carried out with I o ooo units ° per o. i ml final volume purified 
neuraminidase l° in 0.o 5 M Tris-maleic acid buffer (pH 5-7), containing 0. 5 mM CaC12, incubated 
I h at 37 °. 

Abbreviation: NANA, N-acetylneuraminic acid. 
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Fraction X. A micro-pipette was inserted into this limb and three samples which 
corresponded to the three peaks present were withdrawn. In this way the fastest 
component (c) was obtained pure in the first sample withdrawn; the second and 
third samples, however, were mixtures consisting of components b + c and a + b + c, 
respectively. The limited amounts obtained so far have hindered attempts to purify 
components a and b electrophoretically. 

Protein (estimated with the Folin-Ciocalteu reagent s using bovine serum 
albumin as the protein standard) and sialic acid contents of the three samples are 
given in Table I. From calculation of areas under the peaks and from the relative 
protein content of each sample, the protein and sialic acid contents of components 
a, b and c have been estimated and are given in Table II. These results show that 

T A B L E  I [ 

CALCULATED PROTEIN AND SIALIC ACID CONTENTS OF COMPONENTS •, b AND C 
OF FRACTION X 

Sialic 
Component Protein acid 

(~g) (~,g) 

c 526  I 
b 129o  lO5 
a 22o  7 5 ° 

components a and b which constitute the main portion of Fraction X contain vir- 
tually all of the sialic acid. In view of the result with neuraminidase (Table I), it 
follows that the sialic acid is probably linked O-glycosidically to either N-acetyl- 
galactosamine or to galactose, and also that components a and b probably contain 
in addition to sialic acid, stoichiometric amounts of one or the other of these car- 
bohydrates n. 

NANA was compared with glucose in the thymol-sulphuric acid carbohydrate 
estimation method 6. The coloured complex formed from glucose gave an absorption 
peak at 5o7-5o 9 m/~ whereas with NANA the low absorption produced a curve 
which was almost flat over the wavelength range 6oo-42o m/~. The absorption at 
5o8 m/~ with comparable quantities of NANA was only approx, lO% of that developed 
with glucose, and appeared in fact to reach a maximum (Table III).  

I t  is clear therefore that the carbohydrate content of Fraction X is higher 

TABLE I I I  

C O M P A R I S O N  O F  C O L O U R  D E V E L O P M E N T  B E T W E E N  G L U C O S E  A N D  N A N A  
I N  T H E  T H Y M O L  S U L P H U R I C  A C I D  M E T H O D  O F  C A R B O H Y D R A T E  E S T I M A T I O N  

NANA (pg) A~o8 m. Glucose (pg) A~o8 ma 

I I "5 o . o I ~  
2 3  0 . 0 3  2 0  0 . 2 3  

57-5 0 . 0 6  4 ° 0 . 4 6  
115 0 . 0 6  
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than that  obtained by the thymol-sulphuric acid method of estimation. Furthermore 
Fraction X of which there is 20--25% present in the KEILIN--HARTREE beef-heart 
cytochrome c preparation 5 consists mainly of glycoprotein. Whether or not this 
material is present with cytochrome c in the mitochondrion is not yet known; an 
a t tempt  is now being made to elucidate this point. 
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Alterations of tissue lactate dehydrogenase in hum~_n neoplasms* 

Conflicting views have recently appeared regarding the presence or absence of 
qualitative changes of lactate dehydrogenase (L-lactate:NAD oxidoreductase, EC 
1.1.1.27) in tumor tissues. STARKWEATHER AND SCHOCH 1 have pointed to a shift 
towards Fraction I I I  (H2M~) in neoplasms as well as a consistent alteration of the 
Michaelis constant in this fraction, suggesting that  this lactate dehydrogenase 
moiety may  represent "a structurally different protein characteristic of neoplastic tis- 
sue". NISSELBAUM AND BODANSKY 2, on the other hand, have purified the M 4 subunit 
~ o m  normal human liver and a hepatocellular carcinoma and report no signi- 
ficant differences between these two fractions either catalytically or immunologically. 
I t  is the purpose of this brief report to present evidence suggesting that  the differences 

" Publicat ion No. 229 f rom the Graduate  D e p a r t m e n t  of Biochemistry,  Brandeis Universi ty,  
Wal tham,  Mass., U.S.A. 
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