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'~ The organie ssid aalahis pheaphorus aompounds of
blood ere found slmost scompletely in the cells, The presence
of some arganic phespharas‘ia the pieama, usually less ﬁhaé
half a milligrem per hundreé cec,, has been demonstrsted by
&1ffareatv!ﬁék»it(&,lﬁ,ﬂs,3¥§$§).

The only organis scid-soludle phosphorus compounds
whioch have been prcveﬁ to exiat in blood ere diphoapho « 1 =
glyceric scid and sdenylic =cid, In addition a compound or
& group of compounds quiockly hyirolyzed by hot, normal scid,
tnd designated "pyro“phosphate wes shown to exist in blood
by Lobmann, (33)

Diphospho - 1 e glyeeric scid; This compound wes
first isolsted from pig blood by Greenwsld (21) and from
horse blood by Jost (24). 1t forms the lergest fraction of
the orgenie acid soluble phosphorus of blood,

Adenylic seidy Jackson (22) isolated from human dblood
en impure nucleotids which hec belisved to be e mixture of
adenine snd ur2cil mualeotides. A year later Hoffmen(23)

1s0lsted sdenine nucleotide in orystalline form from pilg blood,
Buell end Perkins (7) developed a2 micronephelometric method
for the determination of the totsl mueleotides in blood and
epplied 1t to the blood of Aifferent species, In 1929 Hoge
olowski (38) determined the mucleotide content of the blood
ér pig, rebbit, men, hcrsa,’ané 0x, The values obtained by
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both Buell snd Perkins snd by Hosolowaki are low in comharison
to those we obtalned using the method of Kerr and Blish (29)

- due to the faet that these workors lost some mucleotide during
the precipitation of proteins,

Among the phoaphorus compounds whose presence or iden=
tity in blood have not yet been definitely established sre the
so-called *maphmpﬁaﬁ“,#haépb@ematme, hexosephosphste,
monow-phospho glyseric acid, end X keto-trihydroxy-adiple diphosphate,

Pyrophosphate; In 1928, Lahaaxm (32,33) discovered

- thet fresh musole contains e phosphorus compound which hydroe
lyzes during seven minutes at l*“";ﬁz%.p in normal hydrochlorie
ecid and which he 1solated &8s . yrophosshate, This compound he
found elso in the blood of the ox and the pig though his
values are toe low for the pig blood mnd toc high for the ox
as eoayém with our values,

Later Barrensscheen and Brsun (2) attempted to isolsate
pyrophosphate from blood and obtsined & barium salt which,
Judging from thelr dats for 1its eclementary ansl ysis, may have been
an impure ssalt of adenosine triphoaphate,

Fiske (18) obtained from protein«free muscle filtrate
e new substance, adenosine triphosphate, eontmining adenosine,
e carbohydrate, and three mol ~eules of phoaphoric acid. Two
of the three phosphoric acid molecules were sasily removed by
hydralma end these he belicved sccounted for the essily
hydrolyzable phosphorus of lLohmann,
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The presence of adenosine triphoaphate in muscle es

| well 88 the presence in bdlood =f both sdenylic acid end the
6asily hydrolysable phoapheorus ;assestéé to us the hypothesis
that sdencsine triphosphate mi it be present in blood. Ve theres
fore sttempted to prove or disprove this hypothesis by 2 study
of the ratio of the nucleotide phosphorus concentration to that
of the frastion of phpsﬁhorus hydrolyzeble during aseven minutes
in normel hydrochlorie scid st 100%C. in the bloovd of different
specles, These determinstions were made possible beceuse of
the aveilsbility of the simple &nd reliadble method of Kérr‘

and Blish (29) for nueleotide determinations.

Phagphesrestiai. This compound though found in rmiscle
hes been reported absent from the blood of rabbit, dog, cat,
and men (9), Oh the other hand, Gered and Leszle (16) believe
thet phosphooreatine exists in blood bessuse they found a
difference between the inorganic phosphate determined by

epplying Lohmann's eolorimetric method (;nargaaie plus phose
phocreatine) to the trichlorcacctie seid filtrste snd the
value obtained on examining thec precipitate thrown down by
magnesia mixture (true inorgzenic phosphate), Our experiments,
described later, seem to sesttle this Question in favor of the
sbsence of phosphoorezstine from blood,

Hexosephoasphate: The interest in the possible presence

of haxonephasphates in blood wzs aroused by the discovery of
"laetaseidogen” or hexosemonophosphate in muscle by #mbden md
Zimmermann {(11), Its presence in blood has been taken for
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granted by some workers ihsktre'qu:ad by Van Slyke sud Peters(39).

In 1984, Goodwin and Hobison (17) reéortod the isoletion
of two barium selts of phosphoric esters from blood., One was
pfaetically insoluble in water, only slightly soluble in dilute
scids but soluble in werm hydrochloric acid, This salt 4id not
reduse Pehlingts solution snd wus not hydrolyzed by the bone
engyme of Kay and Robison (41). The other salt rotsted the
plane of poleriged light to the left, was readily soluble in
water end reduced Pehling's solution, Its reducing power as
glucose was similar to that of s hexosemonophosphste but it hed
only one third the required phosphorus sontent, It is this
preliminery report thet is often gQuoted to prove the presence
of hexosephosphates in blood, iHobison himself later stated
that the above reduncing power was probably due to contsminstion
with some other blood compound, ¥ |

Roeche and Roche (44) postulsted the presence of a
 hexosephosphate ester in blood s3 &n intermediste in the glu~
colysis of suger but offered ns ovidence of ita presence,
Laweozeok (31) attempted to detormine hexosephosphates in the
blood of norms]l snd dlabvetic individuala by measuring the re~
ducing power of the precipitute obtuined on addi tion of barium
hydroxide(sdded to sepsrate hexosephosphate from free sugar),
He does not give the details of the proeedure but as the barium
selt of hexosephosphate is soluble in water, only a portion of
the hexosephcophate could have been precipitated and that only
by sdsorption or by formation of double salts. Hence his results

can not be aeeapted;

#*  Personal communiocation ts Dr, Kerr,
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Our experiments on hexosephosphites are descrided later,

In spite of the doudbt as to the presence of hexose-
~ phosphate in 51906, there are experimentsl findings in support
of the hypothesis fhak Blucolysis and esterfication of glucose
vl th phosphorus go on simultsncously and that the presence of
ghosghates is & prerequisite for glucolysis. These facts are
the followings~
| (1) In normal blood the suger disappears at © feirly
constent rate after withdrawel frem the body, the concentration
~of inorgsnie phoaphates slther remsining conatant or diminishe
ing slightly during gluocolysis but incressing ropidly at the end
of the glucolytic process (1&),

{2) The sddition of slucocse to blood maintsins a
vigorous glucolysis accompenicd by & decresse in the inorganic
rhosphates (24),

(3) OGlucolysis in erythrocytes is sccompsnied by the
formation of new phoaphorus cémpeunéa {(13).

(4) Sugera which do not promote the aiuappearance'nf
inorgenic phosphates ere not glucolysed (46),

{6) In glueclysis, tie ad&iﬁien of sugsr diminishes
the cleavege of the phosphoric esters (46),

{(6) The resction optims of glucolysis end csterfica=
tion both lie in the smme region of slight elkslinity (24),

(7) In general the glucolytic ability of erythroeyten
of different speclics corressonds to tho extent of phosphorioc
acid cleevage on sutolysis, piz blood excepted (13).

(8) The rate of glucose disappesrance sand lsetic

acid production in defibrinated bdlood is ineressed if inorgsnie



phosphate is sdded(1),

(9) A1l factors whieh prevent the disappearance of ine
organic phosphates such as acidity, hemolysis, and the presence
of fluorides are slso unfavoreble for glucolysis (46),

(10) The factors which promote the hydrolysis of ore
genic phosphates are the same as those whish inhibit glueéiysis

(hemolysis, ether, and chloroform), (2)

The above faets do not necessarily mesn that the reactions
between suger and phosphatea result in s simple hexosephosphate

compound,

Methods used to frectionste the orgenic phosphorus

sompounds of blood; Various methods have been evolved for the

fractionsl determination of the acid soluble phosphorus eempeuhda
of blood, EKay and Robison {(41) sepurated the orgeniec compounds
into two groups, one hydrolyzsble by a bone enzyme™ and the

other non-hydrolyzable,

The following is en example of the results they obe
tained working with rabbit bloed,

Kind . Mg, P per 100 gms, 4 of organic
?i Ai SQ PC 38
- Inorg, P 5.1
Eater P 26,9
Hydrol, bg bone enzyme 8.5 32
Kon * " f 18,4 68

# This bone enzyme was discovered in ossifying cartilege snd
studied by Hobison =nd his ec-workers (17,26,35,36,37,40,4%,
42,43) and hes been the basis for Robisonts theory of bone formation,
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Kay and Robison's division was recently criticlised
by King {30) who found that both fractions of blood organic es-
ters are almost eoa;!ately'hydralsxad by the bone enzyme, st or
near neutrality dring two days, at 37.§°G. Bodsnsky snd Bekwin
(64) showed that diphospho - 1 « glyceric acid is not hydrolysed
by bone enzyme at pH 9,0 during $00 hours, under the conditions
used by Kay snd Robison, |

Another method used is thet of fresotionsl acid hydro-
lyais vhich consists in determining the smount of organic phose
phate hydrolysed in acid solution for §1rferent periods ér'tiun.
Rona end Iweaaki (48) determined the inorganic phosphate, the
fraction hydrolyzed during two hours in half normal hydrochlorie
scid at 100°C,, and the total sold soluble phosphate. Bomskov
(6) determined the inorgenic phosphate, the fraction hydrolysed
during seven minutes in normal kyﬂraehlertelaoié at 1ce°c‘,
thet hydrolysed during three hours snd the total asid soluble
phosphorus end interpreted his results as follows;-

He asaumed that phosphocreatine was present in blood
and that his inorgsnie phosphorusz values inoluded the phos=~
phocreatine, The difference betwsen the seven-minute:
hydrolysis value and the inorganic phosphorus he assumed to
be pyrophosphate, that between three hours end seven-minute:
‘hyérelysix, the hexosephosphate, end that between the total
scid soluble phosphorus and the three hours hyéroljais value
as diphospho = 1 » glyceric acid,
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Alshaugh methoda of fractionstion eilther by acid
hyﬂroly-iﬁ or by ensymes help to incresse our knowledge e#
the phosphorus compounds of blood, such definite naming of
the fractions hydrolyzable dgring different periods cen
hﬁrﬁly be accepted when the presence of some of these compounds
{hexosephoaphate for sz#mple) hss not yet been proved and
when the presence of aécﬁylie acid is 1gnaréd, as in the case
of Bomakov's work,

On_the Presense of Phosphocreatine in Blood

Thres experiments were made on dog blood to determine
the preaence or sbaence of phoaphooreatine, The blood was
talkken by heert puncture directly into ice~00ld 107 trichloroe
acetic acid and the emount of added blood determined by weighing,
The preeipitated proteins were Quickly removed by centrifugaetion
and filtration, The filtrate wes received in a flask containing
sodium hydroxide, thus neutraliszing the acid rspidly, To the
neutralized filtrate one-fourth volume of 107 calcium chloride
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saturated with esleium hydroxide wes add-d to precipitate the
inorgsnic phosphsate, end ufter 1'0959 mimites the mixture was
centrifuged, The supernstent 1iquid was tested for phosphoe
ereatine by adding s=eid molybdate (Plsk!s Molybdate I) and
allowing to stand hnlfi&n hour for Sh.e hydrolysis of phosphoe
erestine, On esddition of th: reducer (sminonaphthol sulphonie
acid) no blue color developed, indicating complete absence of

phoaphocresatine,

To cheek the presence of traces of the c¢alor undetected
by sight the experiment was repceted ss follows, Neutrslized
filtrate equivelent to 7 sc, of blood was allowed to stand
thirty minutes efter Molybdate I was edded, then a known qQuane
tity of s standerd phosphate sclution was sdded, the color
developed by the reduser, then compered in the colorimcter
against two standards, one econtaining the ssme amount of saeid,
bese, and caloium enloride soiution as the unknown, end the
other the usual standepd. The colorimetrle readings were
exactly the same for the two stondards and also for the une
known, showing thge no trase of phoasphooreatine was present in
the blood,

Adenosine T?iphﬁgﬁéiﬁtr

A3 alresdy stated esrlicr in this paper, the presence
in Blood of the so-gslled "pyrorhosphate”™ and of adenylic scid
suggested that these might be ;resent combined with esch other
in the form of sdencaine triphosphate, To test this hypothesis
we proposed to determine the retic of the nuecleotide P to the
easily hydrolyssble phosphorus.
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!ﬁﬁéﬁéﬁialead was drawn from the enimels by vein puncture,
heart puncture, or decspitation, It was immedlately defibe
rinated with & glass rod or with gless beeads, The‘clotting time
of fowl blood vwas 30 short thet sometimes & clot stsrted to
form before the blood wes complctely drswn; hence in such cases
the blood was filtered through zlesse-wsll after defibrination,
A few ec. of the well mixed dzfibrinated blood were kept aside
for hematoorit dsterminations, ‘

>

A known smount of bleood, ususlly 30 cc, was then pipetted
into four volumes of 10¢ trichloroscetic ecid, This precipie
tation was always done immediztely after defibrination even
though this required sarrying the measursd triahleroaeetie
acid 15 stoppered flasks to the sluughter house or to the asnimal,

The heéaseerita were don: in Quadruplicate in speeisl
10 em, gradusted ospilisry tubes snd centrifuged for twenty
mimites at the highest speed ohicingble with the centrifuge
(International centrifuge SE1)

Inorganio and total &ei& soluble phosphorus were detere
mined by the FPlske and Subberow method (14), For the deter=
mination of the easily hydrolyzeble phosphorus; § ece, of blood
fiitrate were pipetted into & tost tudbe graduated at 25 co,

‘ne ee, of six normal hydrochloric aeid was edded, the tubes
covered with tin foil and imrcrsed in boiling water for
exsctly seven minutes, The; were then eocoled by immersion
in cold water and diluted.After sddition of 2.8 ec, of |

%olybdate II snd one ec¢, of the reducer, the tubes were
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£11led to the mark with distilled water, mixed thoroughly, and
compsred with the standard in = oolorimeter, The standard wes
prepored with the same percent of scids snd reagents ss the
unknown, |

Each of these determinctions was done in duplieste,
The inorgenic phosphorus and the essily hydrolysable phasphami
were d-termined os soon &8 possible, usually within sn hour
after the blood filtrate reschod the laboratory.

The nueleotide nitrozen wes determined b7 the methed
of Kerr and Blish (20) in tzliélicata, 85 ce, of filtrate,
egquivelent to B ee, of blecod, wore ususlly used for each
determination, A blank deter:instion of nitrogen in the ree

agents was made every few days,

Results; 7The results obtained sre presented .S.n
Table I, The nucleotide pho a;zhsrns‘ wag calcula ted from the
nueleotide nitrogen by assumin; an etom of phosphorus for five
stoms of nitrogen ainee it was shown by Mosolowski (38) thst
all the nucleotide purine i: freshly drswn dlood is sdenine,
The hydrolysable orgsnic phosphorus is represented by the
difference between the inorganic phosphorus before snd after
the sever-minutes hyd&aly:iy. The ecorpuscle content was cal=
euleted from the value for u;hale blood and ‘:he hematocrit
ignoring the traces of organic ;zheag:horu: in tho plaama, The
total organiec’ Mpharus ﬁ??ﬁﬁﬁ?tl ~ths 4} fference batveen the
_ total scid soluble md the inorganie phosphorus,

It 14 oleur frm the tabulebed data that the nucleo~
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The phosphorus partition iz the whole blood and eorpuscles of differeant speoies
and the ratio of the nuclootids %o hydrolyssble orgemie phosphorus.

]

P per 100ce whole biood

¥ Ratio of * Hee
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tide phosphorus rises &nd f:1ls with the easily hydrolyszable
phosphorus whether in the different speoles or in snimals of
the same species, The theoretical rstio would be 1:3 17 2ll
the nucleotide preseht in blood were prﬁsent as t&enasinetria'
phosphate, Our figures approach the theoreticel values fé;rly |
well considering all possible sources of error in the detere

minations,

In most cases the hydrolyzable phosphorus ia less than
theoretiocsal, fhis could be caused by (s) 1na&mplete hyﬂrelysiu
during the seven minutes, (b) hydrolysis in the scid filtrate
before the phosphorus determinations, (e) autézytiu breskdown
of the triphosphate during defibrinetion, and {4}, the presence
of adenosine polyphosphates otlier than the triphosphate (e.z.
adenosine diphosphate or & compound of the type of the "Hers
nusleotide®, (84) which has a NP ratio of 10:5.

Piske states thet with pure solutions of edenosine
triphosphete exactly two-thirds of the phosphorus is hydrolysed

in 156 minutes and not seven,(Personal commnication to Dr, Kerr)

Hydreiy;ia curves performed on blood filtrates show
only slight differences between the seven and fifteen minute
valuea, Table II shows the effect of the time of hydrolysis
on the values of the easily hydrolyzeble phosphorus of the
sems blood.Moreover other compounds in the blood are being

Table II, o

| .gg;vzsigz;ZEE“Eﬁl Biood |

| Spectes ymiE, | 18 minm, |
Cow 1 1,38 1.48
R - 1.40 1,87
Cemel 1 1,96 2.48
" 2 2.86 3,01
Chicken 1 2.89 2,98




hydrolysed to a slight extent at the ssme time, hence the 15-
minute value would be somewhsat tco high, and the 7-minute velue

a8 1ittle low,

Kay (26) studied the hydrolysis in the trichlorocsceties
fcid filtrate and showed that & slight hydrolysis does take
place in the first day, In our experiments the determinations
were made as Quickly as possible after the precipitation of
the proteins but in some cases the blood filtrate had to be
carried 8 long distance in éarm westher, 1In one experiment with
donkey blood the aeid filtrate was kept overnight end ggve\a
ratis of 11,23 showing thatﬁa grest part of the easily hydrolysable
phoaphorus had been lost,

The experimental work included in this paper wes alreedy
completed when the work of Barrenscheen end Fils (3) ceme
to our attention, These authors 1sclated asdencaine triphose

phate from human blood, slthouch their yield was very low,

Keeping the above considerstions in mind, our study
of the ratic of nucleotide phosphorus to the esesily hydrolyzable
phosphorus leeds us to conclude that the adenylic scid eof blood
is linked to two easily hydrolyszeble phosphorus groups in the
form of adenosine triphesphate,
Bone-enzyme Hydrolysable Fhosphorus. Below in Table III &

comparison is made between the argzanic phosphorus in the copre
puscles of different species hydrclyzed by the bone and kidney
phoasphetases acebrding to Kay (24A, 24B) and our values for
Shs’sum of the nucleotide plus the easily hydrolyzable phos~
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phorus for the same species, The sgreement between the two
- walues suggeats that adenosine triphosphate may heve been the
substrate for the bone snd Xidney phosphotases in Kay's in vitro

experiments,

Teble III
mg. P per 100 ée. aorpuselu
species [KicTeotlds plus Done-entyme Ridney-ensym
, Hydrol, P Hydrol,P __ Hydrol.P
Pig ‘ 33.6 ’ : 26
Rabbit ‘ 23,7 26,4 24
Man 18,8 14.9 16
Dog lo0.9 10
Horse. 4,0 , 7
cat 9.4 | 1 122
Sheep 9.9 8.2 9.2
o= 8.4 o 6.9 v 6.4
Goat 8.9 8.1 8.8




Organioe Pho héms and Glyeolysis, Our results shed some light
on the problem of glycolysis in blood, Barrenscheen asnd
Vesarhelyl (4), from s study of the hydrolyssble phoiphorus
content and the glycolysis of the blood of s few species suggested
that there sesmed to be & relationship between the glycolytic

power snd the "pyrophosphate” content., In & study of the face
tors vhich inhidbit glycolysis, Barrenscheen amad Braun (2) came

| to the sonclusion that the "pyrophoaphate frection” is essentisl

for glycolysis, Engelhardt snd Ljubimows (13) studied the

relation of 8lyeolytis ability to the amount of sutolysis of

the phoaphoris esters. According to them the extent of autoe

. lysis of orgsmic phosphorus veries in different spaeiés 28 followsi~
ecow goat Thorse dog, pig men, gulnes pig rabbit

while the order of glycolytic power wes:-
ox goet dog Thorse gulnea pig men rabbit,

mwm snd Vaserhelyi found the pyrophosphate
content to vary frem one speeiocs to the other as follows;~
horse ox dog  1rabbit guinea pig mm pig.

our figures for the suz of muoleotide and hydrolyzable
phosphorus eontent for the seme species veried as follows:e

horse ox goat dog gcuines pig men rebbit plg.

it is evident tmat our results correspond with those of
¥nglehardt snd Ljubimowa for glycolysis with the exception of
the horse,which is only en apperent exetptinh 88 can be seen
by a study of the individusl experiments of Englehardt rather
th#n from his aversges, Thec following figures quoted from the
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paper of these suthors shows $ic decrease in the sugser content
of the blood cells of the ox, goat, and horse during four hours.

Ox , Goat Horse
o 7% 73
45 20 74
19 e 149
| 81 99
Aversge 38 88 o9

The decrease in the suger content of horse blood is
less_ then in ox blood if we noglect "149" which varies so
rt: from the mean of the othar three figures, This places the
horse between the goat and ox in the ord'r of glycolytic power

snd makes the series correspond elahelj to our results,

As for the relative position of ox end horse an
exsmiration of our values for the nucleotide P content of the
horse (and mule) with the ox shows that individusl varistions
in the two groups fluctuate above snd below both averzges
showing thet horse and ox &re very nearly related with respect
to their blood sdenosine triphossphete,

Species Differencses, Table I shows that the blood of

differsnt species vary grestly in their phosphorus content,
The different phosphorus fractions do not vary in amount
directly with the totsl acid scluble phosphorus, For example,
the inorganie¢ phosphorus snd the nucleotide phoaphorus sre
higher in ox blood than in horse or mule blocd, yet the totel
acid soluble phosphorus is higher in the letter than in the

forner,
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The undetermined phosphorus, which contains the diphose
phoglyveric soid end possibly cther unidentified eeapemdsr
varies exceedingly in the corpuscles of differert ks;sciez, ox, |
sheep and gost, having only about three to six milligrems per
hundred oo, of corpuscles while rebbit, pig, and fowxl contain

sixty milligrems or nmore,

Hexo seghgs&ta

As svidence received under the discussion of glucolysis
suggests the possidble presence of a hexose phosphate in blood,
attempts were made to isolate or detect such @ compound, For
isolation experimenta pig blood was chosen becsuse it contsinas
more organis phosphorus than the blood of other mammals, but
the wisdom of the shoiee seems doubtful since pig blood is
reported different from other blood with respect to itas cerboe
hydrate metebolism (4). Glycolysis does not take plese in pig
erythrocytes (13), Wsrburg end Christian (47) found two mubs-
tances in the blood of horse znd ret which sotivete methemo-
globin and cause it to becomc mn oxygen carrier in the respi-
ration of blood in vitro provided hexose-monophoaphate is presert .
These two activamﬂ my failsd to find in pig blood, Since
the presence of hexosephosphote wus originslly postulsted (44)
a3 @n intermediate in glucose éegra&ati@n,‘ the results obtained
with pig blood cannot be spplied to other bloods without caution,

sttempts %o isolate Hexose-monophosphate from blood:

Although these experiments cre inoonclusive, & record of them
mey be of value in elesring tic wey for futwre attmgﬁts to
isolste hexosephoaphate from blood,
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(a) In the first experiment the prosedure followed
was suggested by the method of Esbden end Zimmermen (11) for
the isclstion of hexose-monophosphate from susele, Pig blood
(1.6 liter;) vﬁs taken st the sleughter house and thore immediate-
1y sdded to four liters of twelve percent trishloroscetic scid,
The filtrete was made normsl with respect to hydroehloric seid,
_ brought to s boil to hydrolyze the sdenosine triphosphate to
adenylic sold, then cooled, m solution was next ncutrelisged
with sodium hydroxide and seidiffed slightly with scetie acid,
At this point the work had to be interrupted and the solution
was kopt on ice for twenty-six daya. Some hydrolysis of the
esters may have occurred but hsxosephosphate requires more heat
snd grester scidity than was evailsble for "its: compl:te
hydrolysis according to Lohmann,

The inorgenic phosphetos were preeipitsted by alkalie
nisation with powdered magnesinm oxide, A satursted solution
of lced soetate was added in excess to precipitsate the orgenic
phoshorus, Hexosemonophosphtte forms & soluble lesd agle
but in the presence of exves lesd acetate it acems to be
adsorbed on the other simultsnecously precipitated phoaphorus
compounds, The washed preciitute was decomposed with hydﬁa-
gen sulfide and filtarad. The esersted filtrate containing the
free phosphoric esters was mede slkelire with & hot ssturcted
scl{xtien of barium hsﬁrmﬁe. The preeipitate contained the
bearium salt af Oreenwsld's di_ hospho = 1 = glyseric acid (21),
The filtrate eantainad sdenylic seid end any other ccmpounds
whioh form soluble barium salts, ineluding the supposed
hexosephosphate., Berium was exactly removed wi th sulfuric
aeid, In order to remove the nucleotides a solution of phos~
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photungetic 8cid(10) was sdded in small quentities until no
more precipiteate wea formed., ifter removsl of the excess phosw
ph@tﬁngasié and sulfuric seids with barfum hydroxide, and the
barium with the exsct smount of sulfuric scid, the resulting
filtrste (which should sontein hexcsephosphste if present in
blood) contsined only a negligible trace of phosphorus, The
faiiure to find hexosephoaphete in this experiment ia not

prc&f of its absence, Possible ressons for this fellure may beie
(1) sdsorption on the presipitated barium salts, especially an:k
barium sulfate, (2) chemicel chsnges in the hexosephoaphete

on long standing, snd (3) the solubility of its lead salt.

(b) The sesond experirtent differed from ﬁhe one pree
eeeding in thet the insoluble berium salts were removed before
vthe leed precipitetion, Seven liters of pig blood were added
directly to eight end s half liters of 107 triehloromcetic seid,
The filtrate wes nearly neutrcliszed with concentrated sodium
hydroxide, then made slightly alkeline with barium hydroxide.
This pregeauri should precipitste inargenie phosphorus, diphose
- phoglyeeric aeid, snd edenosine triphosphste, FNo inorganie
phosphiorus, but 19 of the orcenic¢ phosphorus was left in the
filtrate,. Hoat of this phosphorus was 9récip1tated with lcad
scetate in neutral solution. The smaell emount of phosphorus
remaining in the lead filtrate was discerded since it amounted
to only & mg, for the entire scven liters of blood, or less
then 0,1 mg. per 100 eo, |

The weshed lesd preeipitate was decomposed with hydroe
gen sulfide, To the serated filtrate s methyl alechol sclution
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of brucine hydrochloride was added until blue litmus prper was
searcely turned red, The filircte wes evaporstsd in vocus ot
35-40°C, to a volume of 60 cc, To this concentrated solution
scetone was added until eloudiness appeasred., On standing on
ice , a substance started forming in clumps on the sides of the
flask, This was filtered off snd more scetone was sddcd with
more formetion of the ssme substence, Three frastions were
formed in this way smounting to sbout two grsms, Thia substenoce
sgcounted for the grester part of the phoaphorus in the solu=
tion. It wes yellowish in eolor end hygroscopie, No definite
cryatalline strusture could be observed under the mierﬁseagc,

s solution of this precipitate geve & strong orcine teat for
pentoses but did not reduce Pehlingts solution indiceting the
abaence of hexosephosphate, Free adenylie asid 4f originally
present in the dlood uncombined with "pyrophosphate” would
separste at this point,

(e) ¥No fundementally -“ifferent proccdure wes use&
in the third experiment. 3Sixtecen liters of plg blood were
added to fourteen liters of 13.57 trichlorossetic acid in the
“slaughter house, The filtrat: wesd nearly neutrslized with
sodium hydroxide snd then mafe slkaline with smionium hydroxide,
lead svetate solution was sdded to precipitate the phosphorus and

the treace of phosphorus left in the supernstant liquid wés
precipitated with basic lezd scetate,

The combined lesd precipitsates were suspended in water
and decomposed with hydrogen sulfide, The serated filtrate
was msd- alkaline with & hot sstureted solution of barium
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hydroxide, The filtrate f?ﬁﬁ the berium precipitation conteined
only 86 milligrems of phosphorus QQuivalent to 0,56 milligrems

per 10C oo, blood., The purine mucleotide content of the filtrate
was determined and it was ealculeted thet sbout B0Y of the phose
phorus present sould be sscountod for 1f the muelectide were
aésnflic s0ild or 63 Af inosinic secid,

lead agetate was sdded to precipitate the phosphorus
compounds in the solution but zuein a trace (7 mgms,, or 0,04 mg.
per 1C0 oc, blood) waes not preciniteted, Lead wss removed with
hydrogen sulfide and the volums of the filtrate was reducsd to
4 cc, by evaporation in vesouo =t 40«5$°c. This viseous, yel=-
lowish solution geve & positive orein test for pentoses but did
nét reduce Benediect's aolu:ign indieating the absence of

hexosemonophosphate,

The solution was kept on ice snd moetone was asdded at

intervals, A small precipitrte formed but the hexosephosphate
if present should have remséined in the supernstant liquid,
This conteined 6.2 milligrems inorgenie phosphorus end 7.8
milligrsme of organic phosphorus and gave 2 positive orcine
test, Agein the presensce of the nueleotide made impo:znible
eny attempt to sepsrste & hexosephosphate if present,

{d) In the fourth exscriment the Schenck method was
used to precipitate the blood proteins, To fifteen liters of
pig blood mercuricchloride and hydrochloric aéid were added,
To the protein<free filtrete lesd scetate was added snd the
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solution made slisline with smmonium hydroxide., Lead chloride,
lead hydroxide, and ell the phosphorus compounds were precipie
tsﬁkd. lesd was removed with hydrogen sulfide, After the
precipitstion of the barium insoluble salts, the vélama of the
filtrete was reduced in veouo. On the addition of acetene only
e small precipitste formed, due possidbly to nesrly complete
removal of adenesine trivhosphate with berium, Acetone was
distilled off from the supernatsnt 1ligquid in vacuo, The s0luw
tion conteined adenylic ssid, 4id not reduce Baneéiet?é seiué
tion (indicating sbsence of hexosephosphate) had no rotatory
power, contained eighty milligrums of organic phosphorus and
no inorgsnie phosphorus, |

An attempt to remove the adenylic acid preasent with
meyocuric acetate after sddition of sodium scetate and scetio
therefore
s¢id was unsuccessful. The mercury waa‘removed with hydrogen

sulfide and the solution neutrﬁlisad-xith sodium hydroxide,

A solution of brueine in methyl'alcehnl wes added to
part of the filtrate which was then made neutrel with acetic
seid, It wes evaporated in vacuo to & volume of thirty cec,
joetone wes added until & cloud formed, then more at intervals
for & few days, One c¢o, of & ycllowish, heavy iiquid asepsrated,
£11 the nhosphorus wss in this liguid exeept for & trace in the
acetone, Nearly healf the phosphorus was in the inorganic

form showing that hydrolysis hzd token place,

Two-hundredth of & ec, of this liquid zgsve 8 greren
cloudiness to Benedict's solution end thres<hundredth of a

2c, & strong positive pentose tast wi th oreine solution,



The prescnoe of nucleotide s sin prevented the detection of
hexosephosphate 1f the latter vwere present,

Discussion and Conoclusions; The sbove experiments do

not prove sonclusively thst hsxgsephsaphatc is sbsent from hlood
sinc+ not sll traces of phosphorus were sscounted for, but

they ahow that hexosephosphsts could not be present in appreciable
emounts and therefore sculd not sccount for & large fraction of
the undetermined phosphorus in blood., PFor exsmple, in “xperie
ment (¢) the barium soluble plicsphorus represented only 0.5 mg,.
per 1¢0 ce¢, of blood,

Unlesa the solution wos mede alkeline lesd precipitation
did not bring down ell the phosphorus, suggesting the vresence
in blood of 8 phosphorus compound whioch forms lead soluble sslts,

The greater frsction of the organic phoaphorus ccmpounds
in pig blood form barium insol:uble gslts, At lesst helf éf the
amaller fraction whiech wes not preeipitated by barium hydroxide
{0.6 mg. P per 100 oc¢, in Zxpsr, C) was composed of & nucleow
tide, lsaving sbout 0,25 mg, P unsccounted for,

Attempts to Betact Hexosephosphate Indirectly, Two
different types of experiments were tried to detect hexosephose

phate in dlood, The first wuas by applying to blood the method

of Cori snd Cori (8) for determining hexosephosphate in musecle,
and the second by the determinstion of the ailver soluble phose
phoris compounds in the trichlorocscetis filtrate of blood after
separating the other phosphorus compounds,



(s} Hormal and disbetic humen blood were used for
this experiment, The blood wis defibrinated and the proteins
.preczmmted with ﬁriahlsrosaetie acld, The method of Cori and
Cori (8) wes followed. 7The general outline of the procedure
involves removel of inorgsnic phosphorus, sdenosine triphosphate
snd 44 phesphegiycérze acid with hot aatursted solution of
barium hydroxide {(adenylie 531{3 is not removed), precipitation
of the soluble barium szlts in 80¢ aloohol, and the removal
of barium from the alcohol precipitate by sulfurie ascid, In
the resulting solution hexosephosphete 13 dotermined by
messuring the reducing power (using the method of Easadﬁrg snd
Jensen) and the total asid soluble phosphorus (method of
Plake snd Subbarow (14) ).

The results obtained with human bleéﬁ, normel end
disbetic, are given below exnressed as milligrsms of phosphoe
rus per 100 ec, of blood, |

‘Normal Disbetic
Total P in BseAle, preec, 740 3,3
Hexoaephosphate P {Cale.from
redusing power) 0.0 ’ 0.94

‘me'big difference between the phosphorus values obe
teined by direct ashing snd by caleulation from the reducing
power point to the preasence of phosphorus sompounds other than

he:éss phosphete whieh form barium soluble salts, ARONE
these would be edenylic acid which might heve been frmed by the

hydrolysis of adenosine triphosphate, Cori amd Cort {68) showed
thet glutothione is preoipitated together with the beriwm
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hexosaph@iphato cﬁd interferes by reducing the Hagedorn =
Jensen resgents, In view of the preaence of interfering
substences, snd the small emount of hexosephoaphste in dbloed,
if present at all, this method cannot be spplied to blood,

() The silver salt of hexose-monophoaphate is aoluble
while 81l known phosphorus compounds of blood form silver
salts which are insoluble at pH 6,8%, This fact was used as &
basis for dstecting hexosephosphate in blood.

The proteins of tﬁs blood were precipitated with 104
trichloroscetic acid, Ihé filtraﬁe‘was neutralized with sodium
hydrexide till very faintly pink to phenclphthalein, One=tenth
volume of 20f silver nitrate solution was sd&ed¢ The presiple
tate was centrifuged aﬁd the supernatant liquid filtered,
Silver was removed from the filtrate with hydrogen sulfide,

The aerated filtrate gontained qusantities of organic phosphoe

rus as listed belowge

Dog blood 1,1 mg P per 100 cc, blood
Pig L 1‘3 P " : ] #
Turkey” 1.1 " p " now "

Prom these expsriments it is clesr thst not more than one
milligrem of phosphorus per hundred eo, of blood could be due
to hexosephoaphate,

# A personal eommuni¢ation to Dr, Kerr from Dr, Piske,
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1. Phoasphooreatine wes pfeved sbsent from dog blecod,

2, The ratio of the nucleotide phcsphorus to the organic phose
phorus hydrolyzed by normal HCl in seven minutes at 10n° C. in

the blood of éiffersnt speoclies spproached the thearetical valua
efllgz for edenosine triphoaphate, This constitutes indirect
evidence of the presensce of adencaine triphosphate in btlood,

3. Attemptas to 1solate hexosephosphete from plg bloocd were
unsugcessful, The fractions in which the compound was cxpected
gave negative teats with Benedict¥s solution, Quentitstive
experiments prove thst hexosephesphate, if present in blood,
could not account for more than one milligrsm of the phospho-
rus of dog, pig, humen, and tur .oy blood,

4. The sum of the hydrolyzstle and nueleotide phosphorus
(vhich our experimenta indicete to be adenosine triphosphate)
and the unéeterainéd fraction of the organic phosphorus very

greately from one specios to th:o other,

8.  The suggestion is made th:t adenoaine triphosphete 1s the

substrate for Kay's bone enzyme in his in vitro experiments,

8. Glyocolytic power is dircetly rel:ted to the asdenoaine
triphosphate gontent of the erythrocytes of different species,
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11. THE RATIO OF THE -4SILY LYDROLYZABLE
PHOS PHORUS TO THY NUCLEOTIDR PHOSPHO
RUS 1N RED, WHITE, AND HEART MUSCLE.

As different kinds éf rmacle h#ve béen known to very
{n their chemical composition {4) it was considered worth while
to study the relaﬁion of the easily hydrolysable phosphorus to
the nuclectide phosphorus in different tiaauea‘. Our experiments

on red, white, and hesrt muscl: ere recorded in this paper,

Experimental., The animsl, éog'ar rabbit, was anesthetized

iiﬁh ether snd the required muscle was exposed, ramaveﬁ, and
plunged immedistely in 1iquid air. 1In the osse of the rebbit
Nehe'uhole_sreup of calf museles (gastrocnemius, §lsntaris, soleus)
was removed,while in the case of the dog tissue only a plece

of the required ﬁitsn; was cut off, The frozen tissue was ground
in 8 mortar chilled with liguid slr, trsenaferred to & weighed
quantity of & triehleréagatic ecid and the welght of the tissue
sample determined by reweighing,‘ Fnough tr&eﬁidfegestie aaid‘

‘wes then sdded to make avéarinita'éilution, usuelly 110,

The inorgsnie phasphgéua, the phaspheruaﬁhydrelyxablg
during seven mimites st 100°C. in N hydrochlorfe ecid, the totsl
seid scluble phosphorus, and the nucleotide ﬁitrogan were
determined as desceribed in ths previous paper, ‘The nucleotide
phosphorus was caloulated on the s#suﬁptiﬂﬁ that emoh atom of

phoaphorus corresponds to five atoms of nitrogen,

Results and Discussion, The results of the experiments




Y-

for rabbit gestrocnemius and dog heart and Sartorius sre glven

in ?3513 I. The ratio of the nucleotide phosphorus to the essily
hydrolyzable phosphorus in red puscle was of the seme magnituds
a8 the rstio in blobd, ths averaoge fér the three determinstiona
being 131,77. Hesrt muscle on the other hand showed a consistently
lower ratioc with an aversge of 1:1.,37. Thia diffe:enee suggesta
two different explanstions, First, that heart musele contsins
the same sdenosine triphosphate ss red rmsele but contsins in
sddition substanees that oen hydrclyse the latter more quiekly,
80 that part of the phosphorus 1s hydrolyzed in the interval
between the removal gf the musole and its complete fixation in
liquid air, aﬁé second that heart musole contalns o different
sdenosine polyphosphate, This explanation scems to be supported
by the recent findings of other workers, Deutioche (3} refers

to the isolation by Emdbden of s "Hersmeleotid" from heart
muscle, the constitution of which 1s not established, but whieh
contains phosphorus wmd nitrogen in the ratic of 810 suggesting
& dinucleotide =ede up of & molecule of sdenosine triphoaphete

in combination with a molecule of sdenosine diphosphate, or
possibly two molecules of sdenosine triphosaphste with one phose
phoric scid shsred by the two mucleotides, Tho theoretical

ratio of the nucleotide phosphorus to the hydrolyzsble orgsnic
phosphorus of sueh & compound would be 293 or 131,56, Our results

for heart muscle come mueh nearecr this ratio than thet of 1:2,

An sdenosine polyphosphoric seid found in hesrt distinet
from the one found in musele hes slso been mentioned by Lohe

mam (1),

Our figures for rabbit muscle show no unifermity for the



ratio of the easily hydrolysable phosphorus to the nueleotide
phosphorua, 7This may be due to the fact thet post mortem

changes take plsce mush more rapidly in white than in red muscle(4),
end some of the easily hydrolyzeble phosphorus may have been
hydrolyzed during the few seconda between the isolation of the
‘muscle and its complete freesing in liquid eir, Cori and Cori(2)
found it difficult to obtain resting values for hexosephosphate

in rabbit?s muacle beeause of the twitching accompenying exposure

and exeision,

idenine nueleotide nitrégeﬁ was determined in the skeletel
musele of the rebdit by Ostern end Pernas (5). Their results

give about one half of the nucleotide nitrogen found by our method,

SUBL.RY

The ratio of the nueclectide phaapherui to the easily
hydrolyssble phosphorus in the red mussle of dog, white musele
of rabbit end heert musecle has been determined, Heart muscle
secms to ocontain e aiffereng adenosine galyyhéaphate than blood
and red muscle, The results obtained for rabbit muscle were
not uniform, but the rstioc of hydrolyzadble phosphorus to nuse
leotide was distinctly lewer then with red muscle snd in no

gase was over 13:1.68.
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