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The fact that transferrin of human 
blood is characterized by a genetic 
polymorphism (1) has led to the 
knowledge that Macaca mulatta (2-4), 
M. irus (2, 3), M. radiata (2), M. 
nemestrina (2), Papio doguera (5), 
and Cebus nigrivitattus (3) have a 
more extensive polymorphism than 
man. Multiple transferrins were also 
found in the chimpanzee (2; 6-8) 
and their genetical mechanisms have 
been already established (9). Similar 
information about other pongids (2) 
has been obtained, but the transferrins 
of other primates have not been stud- 
ied, particularly those of the platyr- 
rhines. Information about New World 
primates is in general very scanty, and 
the new trends in research, as de- 
scribed by Buettner-Janusch (10), have 
barely been aimed at these animals. 

This report refers to a study made 
in 33 howler monkeys (Alouatta seni- 
culus) collected in central Venezuela. 
Howler monkeys have peculiar vocal 
specializations. They belong to the in- 
fraorder Platyrrhina (11) and are 
found all over tropical America. 
Thirty-one of these animals were kept 
in the animal house of our institute, 
and two belonged to the local zoo 
(12). Blood was drawn by puncture 
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of either cardiac or femoral vein under 
sterile conditions. For the handling of 
these samples we used routines which 
have given optimum results in our lab- 
oratory. All samples were kept at 
-20?C before electrophoresis. Some 
serums were stored for as long as 16 

months, most for 4 or 5 months, and 
others for only 1 day before analysis. 

Transferrins were studied by starch- 
gel electrophoresis in borate buffer by 
Smithies' horizontal technique (13) 
with minor modifications (14). Identi- 
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Fig. 1. Diagram and photograph of a 
radioactive plaque showing relative elec- 
trophoretic mobilities of transferrin bands 
in howler monkeys and man. 
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fication was made with iron-59 in sul- 
fate form added to the serum in a 
proportion of 5 tuc/ml, and autoradiog- 
raphy was performed on Ansco non- 
screen x-ray films (15). Protein frac- 
tions were stained with amido black 
10B. 

Four of the animals could not be 
classified because their transferrins did 
not bind iron-59, possibly because of 
saturation. Unfortunately, we did not 
have enough serum from these speci- 
mens to repeat the study. In those red 
howler monkeys where the transferrin 
could be made visible by autoradiog- 
raphy, results indicated three well-de- 
fined phenotypes, one constituted by 
three bands and the other two by four 
bands differing only in their mobility. 
Since there was no information about 
breeding and pedigree, the phenotypes 
were designated by letters (Fig. 1). 
Eight specimens were type A (27.6 per- 
cent), 20 were type B (68.9 percent), 
and only one was type C (4.3 percent). 

The pattern of slow-moving multiple 
bands presented by the howler trans- 
ferrins may suggest that our results are 
due to the presence of neuroaminidase 
in these serums. The splitting and slow- 
ing of transferrin bands as a conse- 
quence of contamination with agents 
that produce neuroaminidase has been 
mentioned (16). This possible effect 
was controlled with the blood of the 
two animals from the zoo. Their 
bloods, obtained and handled under 
checked sterile conditions, were the 
last studied. The serums were analyzed 
30 hours after exsanguination of the 
animals; one of the serums was of 
type A and one of type B. We con- 
clude that none of our three pheno- 
types are due to the action of neuro- 
aminidase. 

The phenotype patterns in this spe- 
cies of Alouatta are somewhat similar 
to those obtained by Boyer and Young 
(6) and Buettner-Janusch (7) in chim- 
panzees. The howler monkey transfer- 
rins move in the same general zone 
as those of the chimpanzee-that is, 
they are slower than human transferrin 
C. 

From the meager comparative data 
available for transferrins in platyrrhines 
it might be concluded that the three 
howler monkey phenotypes are differ- 
ent from those of Cebus (2, 3), 
Lagothrix and A teles (2, 17), and 
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those of all known prosimians and 
cercopithecoids. These serological data 
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Transferrin: Variations in Blood Serum of Red Howler Monkeys 

Abstract. Blood serum samples from 33 red howler monkeys (Alouatta 
seniculus) were examined. Three different phenotypes were found and de- 
nominated A, B, and C. Four serums could not be classified because their 

transferrin apparently did not bind iron-59, possibly owing to saturation. A 

difference was observed in the electrophoretic migration and pattern of the 

transferrins in these monkeys compared with those of other primates. 
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agree well with those from chromo- 
somal (18) and recent anatomical 
studies (19), all of which indicate that 
Alouatta is a fairly specialized creature 
among living New World primates. 
We base this statement on the known 
fact that it is only in Homo and some 
pongids that we find slow-moving 
transferrins within the Primates (2). 
As we follow the members of this 
order from the prosimians to the 
hominoids the tendency appears to be 
one of acquiring increasingly slower 
transferrins. Alouatta seems to have 
gone further in this tendency than 
other known platyrrhines. 
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Fructose-1,6-diphosphate Requirement of 

Streptococcal Lactic Dehydrogenases 

Abstract. The lactic dehydrogenase of a strain of Streptococcus bovis specifi- 
cally requires fructose-1,6-diphosphate for activity. Phosphate or fructose-1,6- 
diphosphate prevents inactivation of the dehydrogenase, but phosphate and other 
compounds cannot be substituted for the fructose-l,6-diphosphate required for 
activity. Lactic dehydrogenases of other species of Streptococcus show a similar 

Fructose-1,6-diphosphate Requirement of 

Streptococcal Lactic Dehydrogenases 

Abstract. The lactic dehydrogenase of a strain of Streptococcus bovis specifi- 
cally requires fructose-1,6-diphosphate for activity. Phosphate or fructose-1,6- 
diphosphate prevents inactivation of the dehydrogenase, but phosphate and other 
compounds cannot be substituted for the fructose-l,6-diphosphate required for 
activity. Lactic dehydrogenases of other species of Streptococcus show a similar 
requirement for fructose-l,6-diphosphate. 

Streptococcus bovis produces lactic 
acid as a major product of glucose 
fermentation. Examination of extracts 
for a pyridine nucleotide-linked lactic 
dehydrogenase showed occasional low 
rates of oxidation of reduced nicotina- 
mide adenine dinucleotide (NADH2) 
in the presence of pyruvate, but usually 
no activity was observed. After testing 
many possible explanations for the poor 
lactic dehydrogenase activity by using 
protective agents (thiols and chelating 
agents) during extract preparation, test- 
ing for nonpyridine nucleotide-linked 
lactate oxidation with dye acceptors, 
and testing other parameters without 
being able to explain the lack of lactic 
dehydrogenase activity, it was discov- 
ered that highly active lactic dehydro- 
genase-containing extracts could be ob- 
tained if two conditions were satisfied. 
These conditions were (i) the prepara- 
tion of extracts in the presence of 
phosphate buffer and (ii) the addition 
of small amounts of fructose-l,6-di- 
phosphate (F16P) to the assay sys- 
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Fig O. IRequirements for actic dehydr- 
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contained mM tris, p 7.2; 3.3mM or 

neutral cysteine (7); 27mM su-F-1,6-P 
-PYRUVATE 
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Fig. 1a Requirements for lactic dehydroi- 
genase activity. Cuvettes (1 cm light path) 
contained 17mM tris, pH 7.2; 3.3mM 
neutral cysteine (7); 27mM sodium pyru- 
vate; 20mM MgC1L (7); 0.08mM NADH.,; 
1 mM F16P; and 10 Ag of extract protein 
in a total volume of 3.0 ml. Extract, di- 
luted in 0.1M Na2HPO4, pH 7.4, was added 
to start the reaction. Absorbancy changes 
at 340 mtc were measured with a Cary 
model 14 spectrophotometer. 
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neutral cysteine (7); 27mM sodium pyru- 
vate; 20mM MgC1L (7); 0.08mM NADH.,; 
1 mM F16P; and 10 Ag of extract protein 
in a total volume of 3.0 ml. Extract, di- 
luted in 0.1M Na2HPO4, pH 7.4, was added 
to start the reaction. Absorbancy changes 
at 340 mtc were measured with a Cary 
model 14 spectrophotometer. 

tem. The unusual, highly specific re- 
quirement for F16P for activity of an 
NAD-linked lactic dehydrogenase is de- 
scribed in this report, and the possible 
significance of the F16P requirement 
as a metabolic control mechanism is 
discussed. 

Streptococcus bovis (1) was grown 
in 20 liters of medium as previously de- 
scribed (2). Harvested cells were 
washed with 0.1M Na2HPOi, pH 7.1, 
which contained 0.01 percent P-mercap- 
toethanol, and then suspended in the 
same solution. The cells were broken 
in a Raytheon sonic oscillator (10 key) 
under nitrogen gas and centrifuged to 
remove debris and residual whole cells. 
The supernatant solution was centri- 
fuged at 100,000g for 1 hour in the 
model L Spinco centrifuge, and the 
clear supernatant solution was used in 
the experiments. 

Figure 1 shows the absolute require- 
ment of F 6P for NADHS oxidation 
in the presence of pyruvate and ex- 
tract. Slight NADH2 oxidation was ob- 
served in the absence of pyruvate. 
Figure 2 shows that 10-'M F16P was 
sufficient for maximum activity. No re- 
duced nicotinamide dinucleotide phos- 
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Fig. 2. Amount of F16P required for ac- 
tivity. Experimental procedure was as indi- 
cated for Fig. 1 except for the addition of 
the quantities of F16P shown in Fig. 2. 
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