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TABLE 11. Partial Purification of L-Glutamic 
A4cid Decarboxylase with Ammonium Sulfate. 

Specific ac.- 
Total Total tivity (units 

activity protein per mg pro- 
(units) * (mg) tein) 

Crude extract 216 1200 .18 
F I .33st 46 760 .06 
F I1 3 0 s  113 180 .63 
F I11 .70s  5 40 .I2 
Supernatant at . i O  B 0 213 .o 

* 1 unit is defined as that amount of enzyme 
which will decarboxylate 1 pM of glutamic acid in 
10 min. 

t F = fraction; s = saturation. 
The tests were performed with dialyzed enzyme 

samples; the y-amino butyric acid formed was de- 
termined by quantitative paper chromatography. 

products containing considerable amounts of 
glutamine. The cultivation of the bacteria 
and the preparation of the extract do not pre- 
sent any difficulties. I t  is possible to prepare 
a larger amount of extract and preserve it fur 
a long period by culd-storage. 

Summary. 1. -4 preparation from Mycobac- 
terium phlei with decarbuxylase activity 
towards L-glutalmic acid only, was described. 
The preparation has no detectable decarboxy- 
lase activity towards other 18 amino-acids 

tested, and no glutaminase or glutamo-race- 
mase activities. This enables direct estima- 
tion of L-glutamic acid in natural products. 
2. The optimal pH range is between pH 5.2- 
5.4, with a sharp drop in activity at pH val- 
ues of 4 and 6 respectively. 3. Some purifica- 
tion of the enzyme was achieved by fraction- 
ation with ammonium sulphate. 
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Studies in relationships of inorganic phos- 
phorus and glucose in blood, both in experi- 
mental animals and in man, have contributed 
to the devellopment of present-day concepts 
concerning the role of phosphorus in meta- 
bolic processes( l ) .  I t  has been esta,blished 
that marked lowering of blood glucose follow- 
ing administration of insulin is associated 
with simultaneous fall in phosphorus in b l d  
and urine( 2,3) .  A similar decline in inor- 

*This work ,was supported in part by Eli Lilly 
and Co. and by grant A-611(R) M&N, National 
Institutes of Health, U. S. Public Health Service. 

ganic phosphate also occurs following admin- 
istration of glucolse(4-6). The fall in serum 
phosphate has been shown to be related to 
active entry of glucuse into the glycolytic 
cycle in muscle, rather than into the glyco- 
geneic cycle in the liver(?). These observa- 
tions have been extended and related to the 
action of insulin, epinephrine, and certain 
hypphyseal harmones( 8). On the basis of 
these findings, the fall of serum inorganic 
phosphorus fullawing intravenous administra- 
tion of glucose has become an accepted cri- 
terion for peripheral utilization of glucose. 
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TABLE I. Summary of Pertinent Data aiid Correlation Coefficients between Iiiorgniiic Phos- 
phorus and Glucose. 

Correlation Correlation 
coef. betm-eeii c o d .  between 

Blood Plasni? Urine Urine blood glucose urine glucose 
glucose, inorganic glucose, inorganic and plasma and urine in- 
range, P, range, range, P, range, Days inorg. phos- organic phos- 

Patient nig yo nig % g/24 hr g/24 hr observed phorus phorus 

J.F. 
R.E. 
F.H. 
E.M., ’53 

‘52 
M.K. 
J.M. 
N.W. 
H.S. 
M.A. 
G.C. 
(3.31. 
N.S. 
J.B. 
L.F. 
S.D. 

36-468 
90-211 
96-451 
87-368 
60-367 
53-442 
74-325 
50-331 
46-356 
88-163 

115-473 
44-540 
44-369 
3 0 - “4 
75-353 
5i-26; 

3.0-5.2 
2.8-3.5 
3.0-4.4 
3.6-4.7 
1.8-3.7 
3.4-5.0 
3.4-5.0 
2.4-4.4 
1.9-4.2 
3.4-4.9 
1.8-4.4 
2.7-3.9 
2.9-5.0 
2.2-5.0 
2.6-5.0 
3.5-5.6 

-5- 90.8 
.3- 11.9 
.8-140.0 

5.1-116.0 
- 
- 

.4- 33.5 

.8- 42. i  
-- 

2.9- 29.3 

2-144.9 
.6- 83.5 

1.0- 85.3 
.7- 9.3 

- 

- 

.45- .90 

.41-1.19 

.40-1.22 

.72-1.31 - 
- 

.43- 1.42 
29-  .79 

.83-1.18 

.86-1.72 

.40-1.17 

.42-1.26 

- 
-- 

- 
.i8-1.20 

33 
3 i  
22 
12 
32 
36 
24 
32 
31  

6 
23 
26 
30 
33 
42 
11 

-.i3 t 
-.27 
-20 
-.68* 
-.62 t 
-.26 
-.15 
-.69 t 
-.15 
-.96 t 
-2s 
-.46* 
-.68t 
-.43* 
-.44* 
-.72* 

* P<.O5. t P<.Ol. 

Clinically, changes in serum inorganic phos- 
phorus during intravenous glucose tolerance 
test have been used to differentiate diabetes 
mellitus from hyperglycemia of liver disease 
and other syndromes( 9- 12). 

With these concepts in mind we set about 
to determine the relation of blood phosphorus 
to spontaneous and induced changes in blood 
sugar levels in patients with diabetes mellitus. 
The purpose of this paper is to report yet an- 
other relationship between plasma inorganic 
phosphorus and blood sugar which to our 
knowledge has not been described previously. 

Procedure and methods. Phosphorus-gIu- 
cose relatichhips were determined in 15 dia- 
betic patients studied on the JIetabolism 
Ward for prolonged periods. Ten patients 
had unstable diabetes: 4 were of the stable 
type( 13).  The group covered a wide range 
in age, duration of diabetes, and amount of 
exogenous insulin required. Throughout hos- 
pitalization, each patient received a chemi- 
cally constant diet of identical foods and food 
values, the same menu being served every 
day. Data were obtained under optimal and 
suboptimal insulin regulation. Blood glucose 
and plasma or serum inorganic phosphorus 
were determined daily from the same sample 
of blood taken each morning before break- 
fast. Blood and urinary glucose were ana- 

lyzed according to Somogyi‘s rnoditica tion of 
the Shaffer-Hartman copper-idometric titra- 
tion method for “true” blood sugar (14). 
Plasma or serum inorganic phosphorus was 
determined either by modification of the 
method of Kitson and Mellon( 1 5 )  or the 
method of Fiske and SubbaRow-( 16) and the 
urinary inorganic phosphorus b>- the method 
of Fiske and SubbaRow. 

Results. A summary of the pertinent data 
is presented in Table I. I t  will be noted that 
there is a very wide range of blmd glucose 
levels and, correspondingly, a fairly wide 
variation in plasma or serum inorganic phos- 
phorus values. These 2 variables appeared 
to be related in a reciprocal manner, so that 
in general, low blood sugar levels tended to be 
associated with high plasma inorganic phos- 
phorus levels and vice versa. In fact, a uni- 
formly negative correlation between the 2 
was found in all of the 15 patients studied 
(Table I). However, coefficients of correla- 
lation varied markedly from patient to patient. 
The degree of correlation did not appear to be 
dependent upon age, duration or type of dia- 
betes, or amount of exogenous insulin re- 
quired, Fig 1 illustrates the relationship be- 
tween individual values for blood sugar and 
plasma inorganic phosphorus in a patient 
showing a fairly high coefficient of correlation- 
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PAT IE NT 

FASTING 

BLOOD 

M O I  

l o o t  

'-J.F.- FEMALE - AGE 21 YRS. - UNSTABLE 

* 

DIABETES 

I I I I I I 

2 5  50 3.5 40 4.5 5.0 

BLOOD PLASMA INORGANIC PHOSPHORUS 

M0 K 

PIG. 1. Correlation between daily fasting blood 
sugar and plasma inorganic phosphorus in a pa- 

tient with unstable diabetes mellitus. 

In the one patient (E.M.) who was studied on 
2 separate occasions, one year apart, the co- 
efficients of correlation were found to be re- 
markably close, i.e., -0.68 and -0.62 respec- 
tively. In contrast to the negative correlation 
between blood glucose and plasma inorganic 
phosphwrus there appeared to be a slight ten- 
dency, if any, toward a low positive correla- 
tion between the 24-hour excretion of glucose 
and inorganic phosphorus in the urine. 

Fig. 2 and 3 illustrate graphically the day- 
to-day levels of glucose and inorganic phos- 
phorus in b l d  and urine and their interrela- 

tionships under different levels of insulin reg- 
ulatior, in a patient with stable diabetes 
(M.W.) and in one with unstable diabetes 
(M.S.): respectively. It will be seen that in 
both patients, under optimal regulation, the 
spontaneous changes in blood sugaT either 
above or below the normal base line appear 
to be associated with changes in plasma in- 
organic phosphorus in an inverse manner. On 
withdrawal of insulin (Fig. 2 )  or reduction of 
dosage to 50% or 60% of optimal (Fig. 3 )  
the ensuing hyperglycemia is associated with 
a concomitant fall in plasma inorganic phos- 
phorus. Note that the fall in imrganic phos- 
phorus associated with the rise in fasting 
b l d  sugar in Patient M.W. occurred before 
the onset of the d.elayed glycosuria and was 
not associated with any appreciable change 
in the 24-hour excretion of inorganic phos- 
phorus. Ketosis was absent in Patient M.W. 
In Patient M.S. ketonuria did not occur until 
several days of suboptimal insulin therapy 
had elapsed. 

Discussion. The data presented demon- 
strate beyond all generally accepted statisti- 
cal standards of reasonable doubt that, in the 
diabetics studied, fasting blood sugar and 
plasma phosphate level are negatively cor- 
related. Whether or not this represents a 
causal relationship cannot be established by 

PATIENT - Y.W. - FEMALE - AGE 77 YRS. - STABLE DIABETES 

6 DATE 
I a 6 0  
g z  40  
UJZ e! 2 0  z 5 

30 0 

200 
100 ORMAL RANGE 

4 0  
2 0  

5.0 
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FIG.  3. Illustration of interrelationships of daily levels of glucose and inorganic phosphorus 
in  blood and urine in a patient with diabetes mellitus under (a) optimal insulin regulation and 

(b) insulin withdrawal for an 11-clay period. 
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FIG. 3. Illustration of interrelationships of daily levels of inorganic phosphorus and daily 
levels of glucose in blood and urine in a patient with unstable diabetes under (a) opt.ima1 and 

(b) subopt,imal insulin regulation. 

this type of study. The consistency and re- 
producibility of the relationship in a given 
individual both with spontaneous changes in 
blood sugar and with changes induced by vary- 
ing the dose of exogenous insulin would seem 
to favor a causal relationship. ,4t any rate, 
the phenomena observed are of considerable 
interest since they are the reverse of those 
that had been anticipated in light of changes 
in serum phosphate with glucose utilization 
reported in short term experiments( 2-12). If 
low blood sugar levels are taken as an index 
of increased utilization of glucose, one might 
expect low rather than high levels of phos- 
phate. Conversely, decreased utilization of 
glucose as evidenced by hyperglycemia and 
glycosuria should lead to an accumulation of 
inorganic phosphorus in blood and urine. Tn- 
deed, elevation of both plasma and urinary 
phosphate does occur in diabetic acidosis ; 
insulin therapy reduces these levels precipi- 
tously( 1 7 ~ 8 ) .  In the present studies acidosis 
was absent. I t  should be pointed out that the 
present studies are not strictly analogous to 
the short term studies just alluded to. There 
is evidence that the short term change in phos- 
phate caused by injection of glucose and in- 
sulin intravenously in diabetics is similar to 
that of normals( 12). I t  is therefore possible 
that the phosphate-glucose relationships de- 
scribed reflect a different type of activity. 

Can the observed phenomena be explained 

in part on a renal basis? Induction of hyper- 
glycemia and glycosuria in normal animals 
( 19) and man( 20) ,has been shown to increase 
urinary excretion and clearance of phosphate 
while depressing tubular reabsorption of phos- 
phate. In the present studies glycosuria does 
not appear to be an important factor in pro- 
ducing the phosphate changes since (1) the 
phosphate-glucose rela tionships occur in the 
absence of glycosuria and (2) phosphate and 
glucose excretion show at  best only a very low 
positive correlation. This suggests that the 
observed phenomena reflect altered equilibria 
between phosphate stores and circulating phos- 
phate rather than alterations in the renal 
mechanism governing phosphate excretion. 

Summary. In a metabolic study of 15 pa- 
tients with diabetes mellitus, a reciprocal re- 
lationship between fasting blood glucose and 
plasma or serum inorganic phosphorus was 
observed in all cases. In general, low levels 
of blood sugar tended to be associated with 
high levels of inorganic phosphorus and vice 
versa. Although a negative correlation wits 
found in all patients, the coefficient of corre- 
lation varied markedly from patient to pa- 
tient. There appeared to be a slight ten- 
dency, if any, toward a low positive correla- 
tion between the 24-hour excretion of glucose 
and inorganic phosphorus in the urine. The 
significance and possible mechanisms of the 
observed interrelationships are discussed. 
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We are indebted to Dr. S. Lee Crump, University 
of Rochester Medical Center, for  statistical analyses 
in this paper. 
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It now appears probable that absorption, 
transport, storage and function of cobalamins 
are accomplished by vitamin-protein com- 
plex formation. Although there is ample evi- 
dence that cobalamins are bound by protein- 
aceous substances present in gastric and 
duodenal secretions, blood serum, liver tissue, 
and milk there is relatively little information 
concerning the nature of bonds involved in 
the binding reactions. Cmley and co-work- 
ers( 1) postulated that cobalamin-protein re- 
actions may occur via cobalichrome formation 
analogous to the formation of ammonia and 
histidine cobalichromes. Van der Zant and 

*Part  of these data were presented at 39th Annual 
Meeting of Federation of Am. SOC. for Exp. Biol, 
San Francisco, Apr. 11, 1955. 

t Present address, Takamine Laboratory, Clifton, 
K. J. 

Underkofler (2 )  presented evidence that sug- 
gests participztion of both cobalt and sub- 
stituted bendmidazole of colbalamins in co- 
balamin-gastric mucosl extract reaction. 
Absorption spectrum of purified cyanocobala- 
min-gastric protein complex, reported by 
Wijmenga and co-wolrkers(3), indicates that 
cyano-group may still be present in the com- 
plex. Gregory and Holdswcrrth (4) reported 
the isolation of a similar cobalamin-protein 
complex from sow’s milk and presented evi- 
dence indicating that the cpano-group is not 
displaced in the formation of this coimplex, 
and that the complex will not accept a second 
cyanu-group. The latter authors made an 
extensive study of this binding reaction and 
concluded that tymsyl residues of proteins 
but not sulfhydryl or amino groups, may p r -  
t icipate, This investigation presents further 


