
Table 1. Phosphocreatine of mouse tissues 
as determined by chemical and chromato- 
graphic methods. Mice were thrown into 
a dry ~ce-acetone mixture and tissues werc 
remo7ed in frozen state with chisel and 
hammer. Values are expressed in micro- 
moles per gram of wrt tissue and are an 
average of four determinations x arying 
within 8 perccnt. 

Method 

Chro-
Tissue Chemi- Chro- mato-

mato- ~ r a p h i c  
graphic (un-

frozen) 

Skeletal 
muscle 6.48 5.75 5.15 

Brain 3.05 4.25 3.00 
Kidnry 3.80 3.67 3.15 
Lib er 2.75 1.96 2.00 

analyzed, the column was washed with 
25 ml of 0.05N, followed by 25 nil of 
0.15N formic acid before elution of the 
PCr with 0.5N formic acid. Presumably 
no other known phosphorylated inter-
mediates are eluted with 0.5N formic 
acid. Inorganic pyrophosphate ( P P ) ,  
which is usually removed with 0.15N 
formlc acid, if present, could be removed 
by collecting an additional 10 to 20 ml 
with 0.15N acid. 

h number of tissues have been ana-
lyzed for PCr by both the chemical and 
chromatographic tcchnique (Table 1 ) . 
In  general, the agreement between both 
methods is good, although the values are 
usually higher with the latter method. 
Tissurs removed without rapid freezing 
of the whole animal had somewhat 
lower values for PCr, with the exccption 
of liver. The  reason for preference of 
the chromatographic over the chcmical 
technique in the separation of PCr in 
isotopic experiments is clearly indicated 
in Table 2. The  variation in specific ac- 
tivity among two determinations tvas 
considerably more than 100 perccnt in 
all i~istanccs with the chemical method 

Table 2. Colnparison of specific activity of 
POr of mouse tissues determined chro-
matographically and chemically. Mice 
were injected intraperitoneally with 100 
pc of P3' (orthophosphate) and sacrificed 
30 minutes later. Each value is an average 
of two determinations in two separate ex-
prriments. 

Specific activit! 
(counts/min prnole P )  

Tissue 
Chromato-

graphic Chemical 

Kidney 9,700, 8,500 15,000, 6.000 
Brain 705, 950 200, 1,500 
Livcr 9,650, 18,000 4,500, 11,000 
Muscle 1,680, 2,050 1,500, 3,800 

and less than 25 percent with the chro- 
matographic method, with the exception 
of liver. Preliminary studies reveal that 
the phosphocreatine of liver varies con-
siderably, depending on the nutritional 
state of the animal. 

The  present chrornatoqraphic method 
has been successfully used in the separa- 
tion of PCr and other phosphorylated 
intermediates in phospho~jlation studies 
with isolated frog nenle ( 5 )  and mouse 
brain in vivo ( 6 ) .  In  addition to being 
quantitative, the method is rapid and 
simple, especially, when merely P and 
PCr are to be analyzed. A manifold with 
as many as six outlets has been success- 
fully used to operate an equal number of 
columns from a common reservoir, either 
by hand or with an automatic fraction 
collector ( 7 ) .  
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Biological Effect of Mydroxylysime 

Although it is well established that hy- 
droxylysine (2,6-diamino-5-hydroxyhex-
anoic acid) occurs regularly in collagens 
of terrestrial and marine animals and the 
gelatins derived from these, little is 
known of its biological significance. De- 
spite its obvious structural similarity to 
lysine, there is no evidence in the re-
ported results of in viuo studies that 
the hydroxylated compound is in any 
way related metabolically to this more 
widcly distributed amino acid. Thus, 
Lindstedt ( I )  reportcd that dietary sup- 
plements of synthetic hydroxylysine were 
ineffective in promoting growth of lysine- 
deficient rats. Bergstrom and Lindstedt 
( 2 )  found that hydroxylysine \\.as unable 

to replace lysine for growth of Leucono-

stoc mesenteroidps P-60. 


The  results of our o1c.n studies con-

cerning the ability of hydroxylysine to 

support growth of the lysine-requiring 

bacteria Stieptococcus faecalzs (A.T.C.C. 

No. 9790) and Leuconostoc mesente-

roides P-60 (A.T.C.C. No. 8042) are 

in general agreement with those of the 

afore-mentioned workers in that the ad- 

dition of hydroxylysinc to a lysine-free 

medium failed to allot\ g r o ~ . t h  of either 


of these organisms. However, while hy- 
tlroxylysine was unable to support growth 
in the complete absence of lysine, it ap- 
pcared to have considerable ability to 
1011 c-r the lysine requirements of these 
bacteria. Some typical results illustrating 
this effect are given here. 

The  composition of the lysine-free 
basal medium and the techniques for 
measurement of growth responses of the 
organisms to increments of lysine were 
the same as those described by Hender- 
son and Snell ( 3 ) .  The  L-lysine HCI 
and racemic hydroxylysine KC1 used in 
this work were synthetic products ( 4 ) .  
I-Iamilton and Anderson reported (5) 
that racemic hydroxylysine from the 
same source contained approximately 40 
percent hydroxy-DL-lysine and 60 per-
cent allohydroxy-DL-lysine. The  results 
in Ti%. 1 show the effects of additions 
of 2, 20, and 1000 pg of racemic hy- 
droxvlvsine oer milliliter of double-, , 
strength basal medium on the responses 
of Streptococcus faecalis to increments 
of lysine. 

I t  is evident that the presence of only 
2 pg of the racemic hydroxy compound 
(supplying only about 0.4 pg of the natu- 
ral isomer) per tube gives an apparent 
reduction of more than 20 pg in the 
amount of L-lysine required for half-
maximum growth of the organism. This 
suggests that hydroxylysine has some 
effect other than, or in addition to, that 
of serving as a nutrient that can. under u 

conditions of suboptimal lysine supply, 
be converted into lysine or be exchanged 
for lysine in protein synthesis. 

Some\vhat similar effects of hydroxy- 
lysine addition to the basal medium on 
the apparent lysine requirement of Leu-
conostoc ~ncscnteroides P-60 were ob-
served, using the method of testing de- 
scribed in a previous paragraph. How-
ever, with this organism, the relationship 
between apparent lysine rcquircment 
and hydroxylysine concentration is more 
complex. Although small amounts of 
hydroxylysine allow maximum growth of 
the organism at reduced levels of llsine, 

5 

4 
I


P 
~ 1 3. 
8 
5 2 

I 

L-lysine per tube Ips) 

Fig. 1. Effect of addition of racemic hy- 
droxylysine to the basal medium on the 
response of Streptococcus faecalis to in- 
crements of L-lysine. 
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high levels o f  the hydroxy compound ( 1  
or 2 l-ng pcr t ube )  show a marked 
growth-depressing e f fec t .  T h i s  growth 
depression by  high levels o f  hydroxyly- 
sine is eliminated by addition o f  larger 
amounts o f  L-lysine. 

Both Leuconostoc ntesenteroides P-60 
and Strcptococcus faecalis are commonly 
used for microbiological assay o f  lysine 
i n  hydrolyzates o f  foods and tissues and 
each o f  these organisms has been ac-
cepted, on  the  basis o f  earlier work (6 ,  
7 ) ,  as having a highly specific require- 
men t  for lysine. However, i n  view o f  the  
results ~epor t ed  here, it seems likely that 
the  presence o f  hydroxylysine i n  sample 
hydrolyzates could interfere wi th  the  
quantitave microbiological determina-
tion o f  lysine when  these organisms are 
used wi th  bawl media that contain no 
hy  drox!.lysine. 
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What Are Variables and Constants? 

T h e  notion variable has not i n  the  
literature attained the degree o f  clarity 
that ~vou ld  justify the almost universal 
use o f  that  term without explanations. 
Recent investigations ( I )  have resolved 
it into an extensive spectrum o f  mean- 
ings, some pertaining to reality as inves- 
tigated i n  science, others belonging t o  
the realm o f  symbols studied in logic- 
two altogether dif ferent rvorlds. 4 s  a 
corollary, these distinctions yield a clari- 
fication o f  the notion constant. 

Sciozce and applied mathematics. By 
qzlantit? we  mean  a pair o f  which the  
sccond member  ( o r  value) is a number 
\;.bile the first member  ( o r  object)  m a y  
be anything. W e  call a class o f  quanti- 
tics consistent i f  it does not contain two  
quantities ~ v i t h  equal objects and un-
equal values. I f  p ( y )  denotes the  pres- 
sure ( i n  a chosen un i t )  o f  a gas sample 
y 	 ( 2 ) , t hen  thc pair [ y ,  p ( y ) ]  is a quan- 
tity, and the  class o f  all such pairs for any 
y is consistent. T h i s  class reflects the  phy- 
sicist's idea o f  gas pressure, p.  Gas vol- 
ume ,  v, and temperature, t ,  can be de- 

fined similarly. Consistent classes o f  
quantities, such as p,  v ,  and t,  are what 
scientists and mathematicians i n  applied 
fields mean  b y  variable quantities and 
what Newton called fluents. T h e  class o f  
all gas samples will be referred t o  as the  
domain o f  p; the class o f  all numbers 
p ( y )  as the  range o f  p. 

A variable quantity whose range con- 
sists o f  a single number is said to be con- 
stant. A n  example is the  gravitational 
acceleration g at a definite point o n  t he  
earth, defined as the class o f  all pairs 
[a ,  g ( a ) ]  for any object u falling i n  a 
vacuum, where g ( a )  denotes the  accel- 
eration o f  a. For any a ,  this value o f  g 
is found to be equal to one and the same 
number,  g. (Throughout  this paper, sym- 
bols for fluents are italicized and symbols 
for numbers are printed i n  roman type . )  
A less important,  because less compre-
hensive, example is the  distance traveled 
by  a specific car C while C is parked. 
( T h e  distance traveled by  C is the class 
o f  all pairs [k, m ( p ) ]  for any act p o f  
reading the mileage gage i n  C ,  where 
m ( p )  is the number read as the  result 
o f  p. 

I n  a plane, the  coordinates relative t o  
a chosen Cartesian frame are variable 
quantities whose domain is the  class o f  
all points ( 3 ) .  T h e  abscissa x is t he  class 
o f  all pairs [a,~ ( T c ) ]for any point K. I n  
the equation o f  the straight line x - y =3 
the 3 denotes the constant fluent consist- 
ing o f  the  quantities ( x ,3 )  o f  value 3 for 
each point n. 

O f  paramount importance are the  con- 
sistent classes o f  auantities whose do-
mains consist o f  numbers. A n  example 
is the class o f  all pairs [x ,  log x] for any 
number x > 0 ,  called the logarithmic 
function or the function log. I t  is capable 
o f  connecting consistent classes o f  quan- 
tities-for example,  y = log x along a 
logarithinic curve, and w = log v for an  
isothermic expansion o f  an ideal gas. i f  w 
denotes the work i n  2 proper unit. T h a t  
is to say, y ( n )  =log x ( z )  and w ( y )= 
log v ( y )  for any point x on  the curve 
and any gas sample y pertaining to the 
process. Morcover, log connects func-
tions-for cxamplc,  the  exponential wi th  
the identity function, and cos wi th  log 
cos. Because o f  their connective Dower. 
function? are omnipresent i n  science as 
well as in mathematics ( 4 ) .  Variable 
quantities such as p and v (whose  do- 
mains do  not contain numbers or systems 
o f  numbers)  lack this Dower and there- 
fore are confined to special branches o f  
science such as gas theory. Denying the  
significance o f  this dif ference would be 
denying the role o f  mathematics as a uni-  
versal tool i n  quantitative science. 

Logic and pz11.e mathematics. T h e  
formula 

is 	 a statement about specific numbers 

dcsignated by  3 and 1 .  I n  the more gen- 
eral statement 

x2- 1 = ( x t  1 ) .  ( x - 1 )  f o ranynumberx ,  

the  remark " f o r  any number x" stipu-
lates that ,  i n  the  formula,  x may  be re- 
placed by the designation o f  any n u m -
ber, for example,  b y  3 or .\/j,each re- 
placement yielding a valid statement 
about specific numbers. A symbol that ,  
i n  a certain context and according to a 
definite stipulation, m a y  be replaced by  
the designation o f  any element o f  a cer- 
tain class is what ,  following Weierstrass, 
logicians and pure mathematicians call 
a variable. T h e  said class is called the  
scope o f  the variable. T h e  scope o f  x i n  
t he  formula log x2  = 2 log x for any 
x > 0 is the class o f  all positive numbers. 
I n  ( 2~ ? ) ~ = 9 ,the  symbol t .\/j is a 
variable whose scoDe consists o f  the t ~ v o  
numbers 4 3  and ~ 2 .  

A variable whose scope consists o f  a 
single number designates that  number  
and, i n  pure mathematics, is referred t o  
as a constant. Examples include numer- 
als ( 1 ,  3, . . .); e, designating t he  base 
o f  natural logarithms; and brief designa- 
tions o f  numbers wi th  unwieldy symbols, 
such as 2vT+eeee-abbreviations intro-
duced for the  purpose o f  just one dis-
cussion involving reweated references t o  u . 

that  number.  As such ad Izoc constants, 
one customarily uses the letters a,  b ,  c, 
. . . , which,  just as x and y, serve as 
variables i n  other contexts. for examwle, . 	, 
i n  the  statement involving two variables 

x2-- .a2=(xt a )  . ( x - a )  
for any x and any a. 

Because o f  its vicarious character, a vari- 
able may  always be replaced, without 
any change o f  the meaning, b y  any othcr- 
u ise  unused letter, for instance, a b y  y 
or x by  b .  

Variables whose scopes are classes o f  
numbers are called numerical valiables. 
T h e  definitions o f  p and g make  use o f  
variables y and u whose scopes consist 
o f  gas samples and falling objects, rc-
spectively. Statements that are valid for  
many  fluents are conveniently expressed 
i n  terms o f  fEuent variables; for example,  

I f  z -- log u ,  then dz /du  = l / u 

for any two fluents u and z ( 1 )  


I n  Eq.  1 ,  u and z may  be replaced by  
x and y :  i f  y = log u ( ~ v h i c hholds along 
the  logarithmic curve ) ,  then  d y / d r =  
l / x ;  or by v and w :  i f  w = log v (wh ich  
holds for an  isothermic expans ion) ,  then  
d w / d c =  l / v .  But u and z i n  Eq. 1 must  
not be replaced by numbers such as e 
and 1: although 1 = log e is valid, 
d l / d c  = l / e  is nonsensical. 

Confusion in the literature. N o  clear 
distinction has heretofore been made be- 
t\veen numerical and fluent variables. 
Morcover, i n  the literature, numerical 
variables and variable quantities. not-
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