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'!he oraq1. ..1' ••1U1(; phoaphorus OOllpotUtds 01

bloo4 .... tOUftd ala.' eollplet-17 in the eella. fbe preac..

of _OIl_ -CaDlo pbo.pho.... 11l the 1'1..... ~17 le.. tbtiaa

halt a 111111.... perhu__~, c... , 11... been d...v .... 'b7

cUtt....t WOP_N(I,l.,10.".H) ..
The .11 orlJante Mla..olubl. phosphorua oOlllpoUD4.

wbS.oh haye been ~Yen to e.xiet 1n blood are 41,1thospho - 1 •

alJCerl0 acid .4 adeh711e &e14. In a4dltlona oompound or

a sr~up or oompo\1nda q:a1'klJ 'b,.,a..ol,.z. b7 hot, normal acid,

~nd deaignated w.p1l'Ottphoaphat$ ."s abon to en.' in blood

b7 Lohmann. (33)

RiP." - 1. IIl!eno .14, ftl1. compound •••

flra' laolate4&OIB pis blood b7 Greenwald (21) and trOll

horae blood b,. -toat (a6). It forM the Itn'"se.t traction of

the orsan1.ao14 soluble phosphorus of blood..

AdeolllO ••14, luaon (22) 1801.t:e4trom bum. b1004

lID lmpare »uoleo'1" wh10h be belIeved to be • mbtuP. of

adenine aDd uracil DU.oleot14... A.,ea:r 1~t.1 Hottmm(23)

Isolated "'.mlneDU01.ott'. 11'1 ~rlst.111ne tormfr'om pig bl004.

Buell .4 ' ••kl_ tV) de.elope4 a mlcrcmephelome'rlc method

tor the deteN1natlon or tbet.o tal aueleo'i4.. 1n blood and

appl1ed it to the blood of d1fferentapecl... In 192' Moz-

olo••1d. (ae) ..t.1'm1ne4 the m101-.tj,4_ oontent of tbebloo4

ot pig, rabb1 t, man, bo......ui os. The .&lu•• obtained b,.



·..
both Bu.eU aad. p...k1n. ao4 \)71101l01owakl are low 1n com-parl_.

to thoae we o'btalne4 U1as th~ method ot Kerr IIlld 1311* (89)

. 4ue to the taet that the•• wott'kitza'a loat $0_ nuoleot1de (Jurins

the preoipltat1oa ot ".....1n••

AmODl. tile phosphorus ccmpoun4a eoa. pZ"esenee or 14.,-

tlt.1 in bloo4 have 110' 7.t ~_ detlnltel,. .atabll8hed llre the

$o~alle4 ..Pn'oph"phaM·,pbospboereatine. hexoa.-phollphate.

:Dono-Pboapbo 8110eJ'10 aot4, _d. «ket...tp1h~oX1...41pl0 d1.phb.sphate.

PJ?op0!d!aile, In 19Se, 'Lohmaun (32,13) dl$eQv~re4

the.t fresh mu801e 00l1ta1luI a pb.cuspb.o~ compound which hJdro­

17:.8 dur1ng ....n minut.. at l'-'OOC. 1» Donnal nydpocblor1c

acid and wh1ch he laola'" as ~)FopboS!:h.te. 1h18 compotmd. be

tOU1'1d a1 eo tn the bloo4 ot the ox an4 the pis ibough his

value. are too low tortht pig blood and too b1ab. t01" the OX

at compsa-e4 wi tb ou valuee.

Latei' Barrenaobeen _4 are.181 (a» attempted. to 1a01_teI

PJrophoaphate hOllt ~oo4 and obta1ned a barl'Q.m sal t whlch,

Judg1ns tl'om the1r clata tor 1 ta ele.mEJntar1 _.-lye18. may:have been

an iapu.re salt of .eno8lne tl'-lphOlphatct.

ft•• (18) obtat.eel hom protetn-,.•• DNaOle filtra'.

e new substUtllee, a4eDo.lll8 Viphosphate J oonta1zslq ade~1ne•

.. carboh;,drate, -.4 three mol coules or phoaphoncae1d. Two

of the tm-ee phosphoric ac14 %\'toleculea were ...11, removed bl"

hydrol""_ q4 th... h$ believed aOeOll!l ted tor the e..117

hydPo17.able phoaph.oPua ot to• .ann.



!he pre.eDoe of adenoalne tr1phosphate 1n muscle aa

..11 •• the preHn. la' hlood of both act.nylte acid end the

••$111 hJdrol18able phoaphorulli aug•• ted to 'WI tbehlPOtru:sla

that 84eQoaiae triphosphate mii;ililt be p'8.ent in blood. We ttl...

1'0'" att-..ph4 to po.. or ..i.prov. tbt. hlPOtbeal. by a •• tu.47

r>t tM ratio of th. aueleot14. phosphorus conoentrat1 on to tbat

of tbe IPaetioD 'of phosphore h)ldrol,.able during scven minute.

1n noPlll81 h,voohlol'l. ac14 .t 100·0. in t~ bloOd or dlrrerent

species. the•• 4.teJlDllbatlOQs were mad. possible because of

the aval1libl11 t7 ot the 81mpl¢ and rellable method ot Kerr

and Bllsh (29) tor lNOl8()t14. dete~nat1ona.

,fboeeore.U.. • This e«lpO'Wtd though tound in l:Stulcle

haa been reported abs.nt trom the blood or rabbit, dog, eat,

flnd man (t). On the other haD4, Ge.re'b and Lb.lo (16) belie....

that phoaphooHaU_ Miat. in bloo4 becat.. thq tound a

d1rterence be'...ntbe inorganic phosphate determined b1

applpna Lohmann-s eolorlmetl"if) t'Jethod (inorganic plus phoa­

phocreatl_) to the trlchlO1"oacetle ..014 t11t1"et:e and the

value obtained. on • ..,.D1Di the p:reclpl tate thrown down '01

masnesla ~tUN (tPU. 1norge.m.e pboapbate). ow upeP1.-ut,.

described la'er, .eem to ••ttle tbts ~••tloD 1n favor ot the

abseneeot pbo.pboepe~t1De from blood.

It--._poem".t fbe lnte"st 1ft the po,s1 ble 1>"senoe

ot hoxo••phosphate. 1n blood we,* arouse4 by the d1aoovet7 of

ttlao"eides.- .. beao••monophosphete 1. _.ole hI r~mb4_ -..

31....... (111. Ita ,..••no. 112 blood baa been taken tor

rt . -- . ;



Roohe and Roche (44) pes tula ted tbe presence or a

hl:xo••phoaphate fu.~r in bloOfl !UJ an 1nteNetUate 1n the glu­

eolls18 or sugar but offered no eVidence of 1 ta presence.

Lawacaeck (31) ."empted to d.etermine bozo••phosphates in the

blood ot normal and diabetic individual. by measur1ng the re­

ducing power ot tbe ppee1,p1 tClte obtained on B4d1 tion or barium

h1'!rox1de(a44e4 to ••papato hexos:epboapha_ boom tree sugar).

Ie 40es not il.,.e the detail. ot the proe6dure but as the bari_

aalt ot huo••pboepbate 1a soluble 11'1 wat.., 01'111 a portion of

the hexoeephovphate 00l;14 have been precipitated end thet on17

b1 adJaorpt1on 01' b1 tor11lClt1on of double .a1 ta. Hence h1a re.ulta

eaa not be flOceptM.



In api. of tbAt doubt as te the pr•••net. of Da08e­

phoaphatCt ln blood, theNa:-., experimental tin4q_ in &UPpO,"t

ot the h1POth.als that Slucol1Uls and estert1oatlon ot gluco••

With pboapboPtl. goon .1mu1ta~ou11 and that the presence or
phosphate. 1s a pr...equial te try?;... glucol;ys1s. Th.se tact. we

the fo11owUs,.

(1) In normal blood ~e sugar disappears at t\ talrl,

conat80trate athJt 1f1tbtba••l trom the bod1, the ooncent:ratl.

ot 1norgan10 phosphat•• either retu1n1ns con.tan t or diminisb­

ing sllbhtll duping gluoolpla but lnore••lngrapld17 tLt the ems

or the gluoolJUo proce.s (18).

(2) !be $4ditlOft ot ~luooae to blood ma1nt81ns a

,,1gopoua 81\10017818 ."o.panted b7 a 4ecrease in the 1norganlc

phosphat•• (").

(3) Oluoo17al. In 'erytbro07t•• 1s ace_pIlO1ed by the

tor~atlOIl of • .,r phoaphot"Wa (.Hn~pounda (13).

(4) SUg6i1'S W'bien do not promote the 4ta.ppetlranoe ot

'inorganl0 pboaphat.a are ~ot ijluco118ed (4&).

(I) In 81ue017818, trli~~ cr441tlon of -sar 41mln1ahea

the cleavas_ o~ the pboaphor16~.ter. (46).

(6) !he reMt1. optlm~} of gluGal,._1. &DO eatcrtlea­

tl.OD both l1e 1ft tbe .... 1"$$1<>12. or .llsht alkal1tlltJ" (24).

('7) In general tbe &lucol1tl0 ab111ty of erltbrocyt••

ot difterent .,eele••orreaVOnds to the extent o~ pbo8Pbo~10

a01d cl~a.aae on auto11818, pig blood excepted (13).

(8) !be rate of Sluco.$ disappearance and laotto

acid produe tton tn d.rlbrln~t~ blood 1s 11'1...&8.4 it lnorganlo



pho~bate 1• .sde4(1~.

(') All taotoJ"a _1. pr.....nt the dlsappearanee of In­

orien10 phospha'•• neh aa aOidity, hemol"81s, and. the pre.eno.

or fluorides a:r-e .1eo untavorable tor alucolys1a (46).

(10) the taot•• wblOhpromote the hJdro118i9 or ••
ganle phoaphaua aPe the .ame .. those whlohlnh1bl t gluco171l11.

(hemolysis. ether, and ohloroform). (2)

The above taots do not necessaril1 mean that the re&8tlon.

between augar anc1 phoaphate. l·eavl t in a 8imple hexoaepboaphat.

compound •

.It!ethoda used to. ~"t;lo{la.te the; t'J,l' genic IhosRhol--U8

c()m20undl of \110-'. Various l'tl$thoda have been evolved tor the

traotional determinatloll of the ac1d soluble phosphorus compounb

'" of blood. Ita,. end RobllJOn (41) separated the orgsnlc compoU11t\a

into two group., one hy4rol7Zable by a boneenaym8* and the

other non-hydrol1aabl••

The t'ollowlns i8 an example of the resnlta the7 ob­

tained worleS. W1 th rabbit blood.

r«g. P per 100 gma. ~ of organSe

T. A. S. P.
Inora. p
E..te~ P
HJdpol. bY bone en.,.e
Ion. rt R fJ

32
68

5

* Tb1. oone en.,... was 418cov~red in ossitr1na oartllage and

studled by Robls.and hi. oo....worKer. {17,26,36,36,37,40,••,

42,4a1 and hea b••n the baai. tor Robi.on'. theory of bone formation.



-.,-
bl and Robl_,.t. 41V1ldon .a. recently cU"ltlelj.

b7 I1ng (ao) who tound that both "'aot10ns ot blood organ1c ea­

tera are a1llO.' 00..1.,.17 hy4l"ol,.... b7 the boDe en_po, at o.
oneep neutJ-al1t, cu!'ing two clays, at 3'1.1 C. 8OOanak7I1DCS Bakft.a

(5A) ahowed thet dipb.oapho - 1 ... ,17Oft!'!C ao14 1. not bydt-olpe4

by bone en.,... at pJl '.0 4urlng 300 hOur., UDder tbe conti! tiona

used b7 E., sod Robison.

Mothe. method uaed. 18 thtlt ot traotlonal acid hydro­

11818 eieh oonl1*t. In determ1nll1g the "ouat ot cWganlc phoa.

phate h~lf••• 111 .014 1I01utlon tor ditterent periods ot t1_.

Rona end Iw.sald. (••) ctetermlned t~ lnorgan10 pho-alphate, the·

traction bJdI'01,..4 4urlrlg two hour. 1n halt normal h,-4roOhlol'lo

acid at 100°0., anet thE! 'otalaold loluble pboapbate. BomakoY

CI) deteN1aect the IJ:lOrgenle phoaphatt, the t ...otion hFol,.ae4

duplns .oven a1aut.* in normal bJdrooblorlc ao14 at 100°0.,

that hpol,•• 4...1ng "'..e boUl"8 and the "talao14 .olub1.

))boa pb.oI'lla end lnt.rpret.. his •••u1,. •• ~o11o...-

.e a.aumed that pboa phoet*eat1ne waa pre••nt 1n blood

and thatM8 lno1"gll1ic phosphorus value. Inolt*ie4 the phoa.

pbocl'e.t1ne .. 'lbe d1t1"erenee between the .8ven-n'd. nU. t.

h1drolI81. value and the tnorganlc phospftol"ua he •••med to

,be P1I"opbDaphate, tha' between threehou1"a end aeven-minute

hJdpol1818, ,the bexo-a.phoaphate. and that betw••n the total

acid soluble pboaphorua and the tbHe hour. hydro1,..!. value

aa d1phoapbo • 1 • s110et-1e ac14.



Altho...~. 01 fraotlODatl•• e1ther. b7 acld

h1dpolrala or bJ eDt,... h4ltlp to 1ncreas. QUP Jmowlettp .t

the phoapborua oompolUl4sot blood» _01'1 detln!te nM11ng .f

the traction. hydrolyzable dU1"lng titterent perlede een

har41t be accepted when the Ee••nc~ ot aome or tbe.. c ompounda

(hexos.phosphate tor ••..,l.' haa not yet been proved and

when the p....e»08 ot ad.1l111e acId 1s ignored, •• in the ca••

ot Bouleo.'_ wo.Jc.

...... ..pen__t. ..re mact. 011 40a blood to determlne

tbe pre••nce or ab••nce of phoaphoopeattne. ftte blood ...

taken b1 hear' f'U2CtuPe €l1..eot11 into loe-0014 10( blchloro­

aoet1c ac14 and the -.out ot adde4 blood deter_ned b1 .eigb.lD'h

!he In''eolp1 iated protelDS .ere qulok1,. remove" bl centrltusatl0Q

~ tlltration. fhe tiltrate we. r·eoe1.,," 1n a flask oontaln1q

sod1UJIl h)'droxide, thua neutraU.•.lng the acld 1"..))141,. To the

neutralised tiltra'e one-toupth volume ot 1~ calcium ohlorl••



a.tw-ate4 nth 0&101_ hldro2t14e wa. Qd4~4 toppeolpltate tho

1DoP&Bft10 ~.ph.'.. ead ~r'er 10.30 II1nute. 'heIDutu" waa

c.ntrlt\t8e4. !he ..p.....'ant liquid was tested tat' pho!!; pho­

o~eatlnc bl ad41nS ••14 aolJbdat. (Fisk'. lo11b4at. I) and

allo1f1ng to .'_d halt &11 hour' :tOI" the hJdrolls111 or phosph..

erea tllle. On &441t1. or thcreducer C-nDODaphthol aulphonl.

ac14) no bIll. oolop c.levelope4, indicating ClOmpl.,t. abaence or

phosphocre.tln_.

To cheek the pre.ence of traces or the c')lor undetecte4

'b7 s14bt tbe experiment ..a. ~ep(;;&ted a. tollowa. leutrall••4

tiltra,- eClu1.al,ent to '1 oc. or bloOtS was allowed to stand

th1J"t1 minutes e.tter Mol,-bdate I "a. adde4, then a known qug­

t1t7 ot • atanClaN phosphate solution .IIS 844e4, the color

4e...lope4 b7 the rH".", 'ben compared 1n the color1metelt

~galnBt two atan4Q4., one eonta1alng the ._e amenmt ot a014,

'b..., and. oal01_ eh101"14. 801utlon .a tbe unknown, and the

other the usual at..--.... 'l'h£' eolol'lme"le Ha4tnp "1"•

••act1, the _ame .tflr tbe two at8ndaJt4a 1ilD4 -lao tor th4t UIl­

leno_, abo....DS tba, DO trae. ot pho.pboeNat1n. wae pre••t 111

tbe blo04.

Aa alreadJ .tated 881'11$1' in tb1. pap., the presenoe

1n blood of the 80-ea11.. "PJl"Ollhosphate" and or adenylic acid

aug••ted that th 1'A1Sbtbe pre8&llt oombined w1 th each other

lnthe torm ot llle tJt1phosphate. To teat th1s hlPOthe81s

.e propoa$4 to 4.tel'm1118 the ra"0 ot the DUOl••t1d.. p to the

eaa117 b74:rolpable phoapborws.



/

IethoU,
• Blood VMm trom the animala by ••in puncture.

heart pUllet , or cleo.plta'lOIl. It wa. lmme41ate1l' AetIb-

"lnate4 W1 tb til 81... 1'04 or With i1a•• "..... t'he clotting ts..
ot towl blood .a••••ar' th.€t $omet1... a olot .t$1"ted to

torm before 'be blOOd was eoJQpltJtel1 drawn, henee In such c.....

the blood was t11terea t~hl;l••s...all ~ter detlbrlna~loD.

A tew 00. ot the ..11 .a..,der1brinated blood were kept aa14e

A known amoullt of b100«, usuall,. 80 00.... then pipet,,,

.Into tou vol••• of 1M tl'1oh1ol'ol\cetl0 a014. !b1$ prealpl­

tatloa as al...,. done lrnmedlf\tell .tter d.tlbr1natloll eVeD

t~ th1•••qu1Nd ...)'"lag the me.aUNtS tlPleb1oroaeetl0

acid in .toppered nNke to th~ slAtushter house or to tbe &nbl.l.

'1'beh•••tool'l ts w.pedont In quadJ'Upl!••te 1n $1"'01 a1

10 em. graduate4 capll1t.r1 tU\)f.18 f.\l1d centrltuse4 tor twen',

m1m.tea at the higbest .p6(:4 oht~1nsble With the eentrltuS8

(International centnruse sm)

Inor••1. aDd total aoid Stoluble phoapho'I"Us were detel"­

m1ned 'b7 tbe Pla"...4 ~bb..ow m~thod (14) • POP the 4ete,...

m1n~tlon or the e••117 hJd,ro11zt',ble phosphorus, 6 oe. of blood
f

.filtrate were plpette4 into a teat tube graduated at 26 00.

One co. ot au normal hfCll'ochlor1c ac14 ••• e.dd~, the tub••

covered with tin toil and 1~~r3ed 1n boll1ng water tor

exec t11 aeven II111U H8 • ftte y l\'cre then oooled \J7. Il1DlOrs!oll

1n cold water an4 diluted. Arter add1t10n of 2.1 00. ot

~o11bdate II an4 one 00. ot the reducer, the tube. were



!

t111e4 to th....lc w1th tltatilled ••ter, miXed tho1"Ough17,"

e~e4 W1 th the .tandeP4 111 ~ OolOl"1Dleter. !he atandard wa.

prepared with the ... peltCen t Qr Ilcl4a lind realeDts as the

un1cnow••

Eaoh 01 the•• d.UJlmln~tlon.waa done In d'uplllu'tte.

the lnorganio phosphorued the eiis11, hJdr01l'••b1e pbosphoN.

_"0 4"~'81"m1M4 •• 8001'1 ... poN1bl., unaI1l' w1 thla an hour

ajtter the blood tl1~ate "ac~'d the labOttator7.

The_cleott.. ll1.ogen 1'Ioa de'erma" 'b7 the ~tb04

ot Kerr and Bliah (a9) 1Q trlpl1o~t.. II co. of 111tre'••

equ1Yalent to a ••• ot blood, were uaual11 used tor each

4etermi natloa. A blank ·4.te"f1dn~tl0. or ft1_OIell ln the P.­
agent. was .... ·....1"7 t •., 4*1$.

Re_l~1 !be Jt••u1ta obtained are presented 1n

'fable I. The nuoleotldephoapbo'M\8 wae oalculA ted t:room the

nuoleotide I'll tJ'osen 1>7 ...umln4~ an atom or phosphorus rot" t1".

atoms or n1 tJ/tOgfnl aiDee 1 twas ahown bl Jloaolo••1d (a£Uthtit

all th. nueleotide purine i n b-e-s..~11 tboawn blood 19 adenine.

The h747011&.1:110 .p._10 phoaphorU$ 1a ".p.esente4 by the

d1ffepence betwe.J2 the i_Plan1e phosphorus betcr. and. afte.

the .eve~-m1l1Ute.h,..ol,..... 1"he oo,..uol. eont.nt was ea1­

onl,ntedlPom th••81•• tor 1Ihol", blOOf and the b.atoor1t

lpor1ng the trao•• of organic phos,horus 1ft the plaau. D1e

total 01"S&n1$·-~plaor.·flP'"$~ttt.·~t.~:r~er..e between the

~U1. acld 401l1bl._d the 1no1'"I&Rl0 pbospho:r\ls..

s



§. ..t kkL 4

an. phoephorwt put,'S_ 1. tJut wtaol. ltl-G04 ..4 oorpuacl•• ot Ilifterea' 8",,"1.­
and the ratio of' the Duclaot1d$ to hydrolysab1e organio ~ho8phorus.

$PEGIZS

, • ;p RaJ!' l00o/! whC!i. blood ' Ratio ot ' Rtf- 'me P p~r iOOcc cor-
'T.A.S.P. 'Inora.P'Nucle-'HYlU'-' U.... • !Noleo- '.-' 1'1l••1.5.
, , 'otid. 'olys.'daten' tide P 'to· 'Tot-'Nuol-fHydr-'tii=
• , • p 'v._ t P 'to HTdrol. t crn_' al t eottde -.. 't...
, t p" .,ore_ t P • P ft••
, " 't ., p' , 'P ~

1.' 13.w2 ' 2.51' O.el ib.ag 'IC.Ol' 1:1.75 '50.8 '57.0 t 1.76 t 2.9 ili;i
2.' 1&.93 ' 2.02' 0.151 '1.04 • \h_'1:2.08 '20.2 'H.0'2.1O ' 5.1 '41.1

A••• ' 13.42 ' 2.26' 0.51 '0.9' • 9.&7' 1:1.91' '45.6'2.13 • 4.0 ....1
• t , , ,., ,.",.

t

,
•

t,
,
•
t

2.8 I ad
4.4 • ...
4.4 • 3.'
3.7 t a..
5.8 ' ...,

,
"•

t,

,

,
,
,
,

, 2.e '''l.G
t 3.8 '''.0
• 3.3 ' ...., ,

,

,
•,
,
,,

t

• •, ,
3.1 • ...e f 1.3
5.0 ' :5 .. 2 ' f!.'
6.0 ' 5.1 t a.a
4.7 ' 3.' • 4.a

t •

, .
3.0 ' ... 'u.e
2.0 ' 7.4 t 1.1
I.a ' 5.6 '11.t
2.9 ' &.3 'u.a

t ,

• t3.4 t 5.1 t 0..1
4.0 t fl._ ' ••3
3.7 • 5.6 t 4.'

• t

, ,
,

,
,

,
t,
t,
t

•

,

,
,
t

,
f,
t,
,
t

'tI.f'
'lQ.4'·
'It••'
,~.."

• t

•
'45.6'1.3
'48.0'1.'
'4e.8'1.1S, ,

, t, ,
'J.4.0'
'lO.i'
'12.8'
'12.6'_ ,

, ,
'lS.6'
'1.4.'"
'14.0', .

'7.8 t 1.8 '
'13.2' ••2 •
'10.1' 1.8 •
• E'-'1' 1.5 '
• ~.4t 1.a '· . ,

,

•

,
,
t,

'48.8
'33.2,

,

,
,
•

'42.0
'3'7.0
'31.2
'39.4
t,

'25.f)
'28.9
'27.6,
t

'26.0
'22.~

'36.',
t,
,
'32.6
'29.6,
,

1:2.21
1:1.97
It2.0i

1:1.77
1:1.'J4
1:1.85
1:1.6'1
1:1.e1
1:1.'6
1:2.42
1:2.39
1:1.94

1:2.&8
1:2.66
111.89
1:2.45

1:1.0f,
1:1.83
1:1.49
1:1.54
1:1.74
1:1..73

1:1.96
1:2.00
It2.00
1:2.1u

Itl.51
1:1.57

1tl."''1
1:1.aS

•

•

,

1.73'
1.32'
1.11'
1.42'

t,
0.91'
1.G4,'
1.61~·

0.'18'
0.97'
1.18',

3.60'
2.09'
4.10'
3.30',

,

,

,

,

'.20.26'
'14.51'
'1'.28', ,
, t

,

,

'1.3'1
fl.oa
'1.22
t

'1.73 t 1.09'
'1.$1£ ' 1.2S'
'1.65 ' 0.09'
'l.Oli ' 1.02'
'1.10 ' 1.3e'
'1.62 ' 2•.c'
'1.38 .. 1.20'
'1•• • 1.$"
'1.!50 ' 1.34', . ,

,

'1.4£ '
'1.00 '
'1.18 '
'1.81 '
'1.65 t

'1.52 ', ., ,
'l.SS '
'l.6g ,
'2.06 '
'l.m '
t •

l.al ' ••13 t 1.$1\­
1.12 'l.~ , 1.44'
1.18 '1.81 • ~.18'
1.17 '1.95 ' 1.11'

t • t

,
2.55 ' 0.62
t.l0 ' 0.55
2.82 ' 0.00,

,
5.53 ' 0.99
5.58 ' 0.92
3.85 ' 0.90
6.30 ' 0.63
3.32 ' 0.77
5.18 ' 0.83
5.40 ' 0.5'1
4.31 ' 0.01
4.97 ' 0.76

t,

,

••~ , 0.&2 '1.43 '
4.e7 t 0.48 '1.26 '
4.06 ' 0.59 '1.11 '
4.35 ' 0.53 '1.27 •, , ,

6.00 '
5.0:3 '
5.00 '
5.313 '

t

4.89 ' 0.70
4.80 ' 0.82
5.80 t 0.79
4.10 t 0.94
8.40 ' Ol94
5.48 ' 0.04,

t

6.5Z ' 0.'78
6.86 ' 0.67
5.80 t 1.02
6.20 ' 0.82,

,

t

t

,

,
•

,
t

,
,
,

,
t,
,
,

•,

•,
,
,
,
,,
,
,

t,
,
t

9.78
'.46
9.14
~.49

S.O?
7,7S
&.97
'1.&'

IK.60
18.04
il.i!

9.36
10.00
1.39
9.00
6.61

10.05
a.54'I."
8.S9

'1.02
8.16
9.38
7.2'

Il.iS
8.94

u."
U.51
18.<t6
12.0'1

,
I.'
2.'
3.'
4. '
f). '

Ave. ',
,

1.'
~.'

3.'
ATe. ',

,
1. •
8. •3.'

kve.'
•

,
I.'
2.'

Ave.',
,

1.'
2.'
3. •
4r. f

6.'
a.'
7.'
8. t

Ave. t,
,

Ilattalo 1. '
I.'
3.'

AYe. t
t

Cat

'7" So,..~ ..... .. r



• .'!ii) eJ' I§§o.wiii~& .: : " Ballo 0' ,~ ; i I, _t- p$r 10000 00l'-
'T.i\.D.P,. 'Inorg.P'Xuole-'l!Th'--' Un- " NuQ.~eo-

, ma- t iUBo1ea.
• t 'otl"- ·011Ih'48t••' t1de P • t .... 'TQt-'Nuo1-'R1dr-'u.-

8PEPlEa
, , f P t org. • P 'to Iiyd.ro~.• cr1i.

, al , eo- , org.·....., , • • l' • • , ·oq.'1I1U • P .....
t f • • , • t • P - p • , p

e-1 £i•• I

'11.66' 'ta.O- .. -16••1.' t 5.46 - 1.08 '1..11 111.84 • 13.2 ..., - '.1
2. , 21.42 , 4.09 , 1.24 '1.. 84 '14.25' 1:1.49 , 24.5 '70.7' 0.1 , 7.5 '••1
$.' 17••0 • ••56 • 1.32 'l.t6 • '.'1.' 111•.04 • U.l 'M.lt 5.4 , 8.1 '4.0.1
4.' 20.20 , 4.94 t 1.07 '2.S6 '10.?3' 1:1.71 , l)'l F: '6'.8' 7.4 '1.2.'1 .",.,6;.JCof.'-J

0." a.80 • .... , 1..6'l '''.)JI .~.~. J.,1..90 ,
2O.l.I '6Q,.'" i." '1.2.0 '11.&

Ave. ' 20.43 , 4.81 , 1.40 '2.~ '11.96' 1:1.64 'M.9' b.s , 9.5 '10.0
• t • , • , • , , • •, , • , , , - t-. 1.' ".13

, 4.28
, 1." '2.U '16.~' 1:1.76 , , , , •

I. , 24.84 t 4.92 , 1.28 '2.40 '10.24' 1:1.69 , • , • •
a.' ....81 , 4.50 , 1..21 '2.Oi 'l45.()f)' 1:1.'6 , , , t t.. ' 20.~ • lj.86 , 0.87 '1.61) '14.11' 1:1.79 , • , • •
I.' ae•." ,

••45
, 1.6'1 '3.00 '19.00' 111.1S , 42.3 '.9.1' 3.9 , 'l.a ....).

o. t 11.66 , a.Jot. , 0.91 '1.82 '11."" 1:2.00 t 26.0 '50.'1' 3.6 , '.0 ' ••1
ATe.' &a.at , 4.06 , 1.20 '1.19 ',15.68' 1:1.85 • fle.b' 3.' 1 '1.1 '•.., , • f • , • t • , ,

• , • • , • t f , , ,
Ou1nea f 16.31 , 3.04 t 1.51 '2.90 '}'Q.67' 1:1.a'l , , • • •Pl_ • t t • , , t , , , •, , , , • • t , , , •.. 1.' 30." , 4.08 , a... ':3." ''''.'IIl' 1:}'.6a t • , , t

2. , ii.52 • 3.67 • 2.b1. '0.37 'lS.67' 1:1..94 , t , f ,
8.' ••&4 t 3.&4 • a.'1e '5.39 '14.46' 1:1.98 • t , t ,
4. t 21.16 t 3.75 • 2.1S '3.4:1 '11.g,' 1:1.57 , :se.7 f4:~.l' a.l , 9.0 .....
6.' ...-os , a.au ,

a.~ • tie ',0 '12.69' 1:2.04 , 45.0 '.'1.1' 6.0 '12.8 '18.1
I,.... ' ~a.50

, 3.&8 , 2.D6 '4.74 '12.ea' 111.84 • '48.6' 6.0 'U.2 *10.8, , • , • t , , • • ,
, , , • , t , , , t

IQb1' 1.' :S9.oo , a.18 f 5.76 ·O.U '2$••' 1:1.06 , f f ,
2.' 49.'0 ,

o.~
, 4..15 '7.22 '32.78' 1:1.71 , , , , •

Z.' 3'.• f 4 •.19
,
~.06 '0•• 'M.N' 1:1.00 ~(.a.o '8ft.CS' 7.' 'a.1 '&l.e

4. f ••06 ,
4u 60 • 3.25 '&.:)4 '24.82 ' 1:1.96 ;f41.3 t9~.7' 7.e '16.6 '69.3

i. ' ~·ae t 4.60 , 3.16 ' 6.~"1 'lS.tO' lla.17 , , , •
Ave. t 41.26 t 4.51. f 3.48 'G.e3 '26.81' 1:1.86 , '89.0' '7.6 '1.6.0 'Ob••, • , • , , , , , t ,

• • , , , t , t , t

1.' 43.11 t 6.08 t '.OJ. ".86"Z.'" 1:1.90 , , t • ,
2.' 40.40 • •• gO) , ».4l ''1."~ ·~.bY· l:~.l'l • • , t

3.' Ia... I 6.'1
, ..82 '8••' ·~'1.U· 1&1.'10 , 4.1.•• 'U. 'U•• 'ao.1 '",.t

4. t -.0.73 • 4.00 , 4.42 '9.£0 '2,!.b3' 1t2.10 , ;)'7.9 '9:;;:'.4'14.0 '241.0 '5'1.4
I. ' $f." ,

••2'
, a.71 ''1.''1 ' ••00' l:a.OO • :i6.0 '93.$'10.3 '21.3 'tl••

.Ave. ' ~.i~ t 5.~ • 4.07 'e.1S '20.30' l:~.Ol • 'U9.6'l;j.O '21.9 '•.,, • , , t t • • t • ,
t , , t t t • • , t •0.__ 1. t 81.10 • a... • l.eo '•." '1'.66' 1:1•• , 81.0 '1OJ.I '.1 'U.' ·".1

I. ' 39.~
, s.al. , 1.62 ';).Sti '29.'79' lt2.38 t ~.2 '95.6' 4.2 '10.1 '81.1

A....• 11.40 • a.OJ • 1.61 ':J.aa .~.... 1.1.00 I 'ts.I' 5.7 ·U.O '81", , • • • t , , , , •I I



' •.• P p!r 1OOQowAAle oligd ' - .. Ratio of t He:
',T.A.a.F. 'X1lO1"g.P'lNo.J.,e.'Iiydr-' UD- f HuQ~o- 'ma-
t , 'ot1<kl 'ol~'lhtdoterJ tide:P t to-
, , 'P '078.' • 'to ~l.tcr1~.

, , '}>" ,

i 1D6 p' Pe;t 10000 00.....

'. • .;pu.c,19~. N

• • • , , •. .. _..
• ,

,

f •
1. t 45.48 , 6.09
I.·' ....\0 • 'l.2i......n.· 404.79 ,

5.~7

.' f,
1.. ' 11.08 , 5.06
2.' 4w.el t 5.4rl

Aft. , 00.11 f 5.13
•
f t

• 5.18 ':8.86 • ~.96·
f 5.2::; f~.~ 'a9..64'
t 5.21 1'.08 '31.<60'
, t • •

• 4.65 ·a.1~

, 4.$2· t '.81
, 4.83 '8.00
, t

"a.8·,a.1
":S.I
f

'2a.6
·2~i.U

'2S.2,

, ~6. ~ t 106.81J••
f 32 ..8 'llUI14.9

'UUl'l.••.O
f ,

, f • • •
1:1.71 t M.5 'lOUU.' 'l~.g -'1.1
1:1.74 , 40.0 '111, ,~ ..Z '23-.1 ''14.'1
1,1.13 , '107....'1.2•• -al.1 tb.l, ,. , t, • t • t. ,

l:l.~

1:1.00
l:l.• M

1;1.CS3
1:.1..tU.
1:1.62

••

·Z.8~f

t:88.~'

'If.10'
t f

f •

'86.30'
'M.aa'
'1U:>.2$·
• •
•

f

•

f 3.ee t5~9$

t 4.:$ '6.Vb
• 4.0a '6~",
, t

,

,

38. ''1 '3.32
43.15 " 3.41.
40." . '3.36,

1.·'
e.'

A:ve.',

Go...



tide phospborua 1"1••• an4 t~lls With tbe e••l11 hJdro17sable

phosphOrus Whetber 1ft the different .peol•• or 1n _1mal. or
theaa_ .peolea.'1be theoretleal ratio would be l.a lt all

the nucleotide present ln blood were pre.ent as a4.no.1net~1.

phosphate. Our figur•• approach the theoret1cal values t~1r17

,"11 considering all possible BOUl"Cesot error 1n the dete~

Jn1natlona.

In most oaS.8 the byd1'"o.1.y...b18 phosphorus 1816$9 than

theoret1cs-l. '!h1s could b$ cauBe4 by fa) incomplete byclrol.,....

dupln! the ••••n 1I1nut•• , (b) h~o17.1. in the aCld 1"i1trat.

beto:t>e the phosphorus determination., (0) autol,tl0 break40Wft

ot> the ~iJ)bo..,b.at. during detlbr1n$tlol'l, and (4), the pre.eee

ot .4eD081n. polJPho.pbat•• other than the t1'"lphoapha te (e .S.

adenoslne diphosphate or a oompound of the type of the ttuer.

nucleot14.-, (IA) Whlch has a Is' rat100t 10,1.

Plake ata'•• that wi th pUre solutions ot adenosine

'triphosphate exactl1 two-tbi}'(h. ot the phosphorus is hydroly.ed

ln 16 minutes and not seven. (Personal communication to Dr. Kerr)

H7~~11.i. curve' performed on blood filtrate. show

only alight ditterenO•• between the seven end fifteen minute

value.. Table II abo•• the effect of the tim. ot hydrolys1s

on the yaluea ot the •••117 h-,drel,.••ble phosphorus ot the

same blood:- Mo...... otbet- compound. 1n the blood are be1118

Sol••

OOw 1
tt »

Oamel 1
It a

Cb.1olten 1
.• I



bJdrolpe4 to .. 8liPt e._.nt at tbe sa_ tlme, hence the 16­

mlnut. Talue would be .._ ..,"uat too hlab, md the V-minute value

e little 10••

Kal (ql atu4le4 the hJdrQlyall 1n the trlcbloroaoetle

ac14 filtrate and. abo..4 that a 8lisht h~rolJ'l1. doel take

place 1n the tlrst d81. In our expe~iment. the determ1natlon.

weroe mede aa qus.okl,. .a po.lible atter the p...olpl tatlon ot

the protelna but 1n some o....s the blood tl1 t"ate bad to be

earned a long 418tan08 1n warm we.ther. In one e2tper1ment Witb

clonker blood tbe ae14 tUtrat. v/aa kept overnight cand gave a

rat10 of l,l.la 8howing that a g ...t part ot the ••8117 hydrQlrsable

phoaphorua had b.en 10.'.
'!'he experlmental work lnolude4 ln thi8 paper wa. alre847

oompleted When the work of B...pen.oheen and '11. (I) c-.

to our attentlon. th••• author. laolated. a4enoQne tr1phoa.

pbate tr-om hUllan blood, although thelr 11eld was ver'1 low.

r..p1ng the abo," oonI14....tlona 1n mlna, our study

ot the ratio of nucleotide PhOsphorus to the •••111 hJdrol1Zable

.Phosphorus 1••4. u. to 00ne1\14e that the adenyllc acid of blood

1s linked to two 8anl, hJd,rolj'Zable phosphorus groups 1n the

torm of adenoalne tl-lp.8phate.

~on...nae. KEale.bl, fhoshor,.. Below 1n Table UI ..

comparlson 1s ma4e between the ergan1e phosphorus 1n the cor­

puscles of d1fterent .pecl•• hydro1711ed by the bone and k1dnel

}i1o.phat.... aocord1ng to ~47 (8U, 241' aa4 our value. tor

the sum ot the nucleotide plus the eael1., h7dJtolyaable pho••



phorU8 tor theaame apecl.8. '1'be 8sreellent betw.enthEt tlfO

....lu.. .ugge.ta that adeno.lne trlpbo.phate maJ ha ve been the·

sUbatrate tor the bone and k1dne7 phosphota••• 1& Ka7'S 1.n"'1~•

• x.pel"Ulenta.
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OI'tlenSre Phoghoru.· _4 011001aS.!. OV ••aulta abed. eome lipt

OIl tbe prtO'bl_ of SlJOo1181a-iD blood. B....,.enaoheen end

VuarhelJi (4), &0•• etudt or the h_o1,s.ble pbc$pboru

OODtent and the a17.017818 ot the '01004 ot • few _peelee _g••ted

thut tbere ...... to be. nlatlol'1tlh1p bet...n tb& glycol,t1c

power end the ·pp'0pboaphawft cet••t. In a atud,. ot the t •••

tora 1lblcb 1ahlblt SlyoollS1a,# BarTen••heen _4 BrauD. (2) 0_

te the OODCJlwd.oD tbelt the ·p1l"0pboapba'e traetloan 18 easentlal

tor S170017-ta. JnIelb..at eel t.fa,blao•• (11) studte4 tbe

relatlon 01 81JOol1tloab111t1 to the amount of autolp1_ or
the Jhoapborl- ••,._ - Aooor4bi to ttl_ b ....nt of auto-

1,_1& ot orSall0 phoSphor••arlee 11'1 d1rt.pent .pee1es ... follon,-

.11e the 0 ..... 01 &17001"10 !~r ... ,-

os loat 408 ho.... ~a pJ,a men rabblt_

........beeD _4 VuarMl71 found the p1I"0pboaphate

Gentent to .,..,., tp. 011_ 8,.01 t18 to tbe other .. tollo••,-

hon_ 0& 40& rabbit ga1Jlea pl, It. pia.

our t1&UN- tOJ! the aum oranol.o'lel. aid h1drol1aa'bl.

pboepborua eont.nt tor the .-eapeclea vapleel •• toUon ,-

hor.. ox &0'" 4es £";11neaptc .e rabbIt P1l.

It 18 en4eD"0Il' our r.aul,. .o.......po_ .11h tho•• of

r::nalebardt ana LJUblmow. tor gl1OO17S18 W1 tb tbe exoept1oD fd

the hoJ!a••Wh.lctl 1e On11 an appe.pent 8xo.p'1_ .. can be .e.

b1 • atu41 or the ind1vidual esp_beaU ot Enalebara, paths.

than from bi.aver.s... The to110wl.n& ttaure. quoted hom tbe



paper ot tOes. _tbo~. abO... ~)e 4eor.... in the auger Gontent

ot the bl004oe118 ot the ox, coa'I-" horae _ring row ho....

Ox. Goat Bora•

o
41
1.
a1
18

.,1
to.. ,a

74
141
99

It

\'he deoN.... III tbeJlU.gIQ' content ot horse blood ls

le.. tbaD ln o. blood it •• neslect ft14S"whlchvarlea ao-t. trom tbe meall ot tbe otbBr thr'ee ttsar... tis place. the

hor•• between the goat an4 OS tn the OMi<·P ot 8110017t10 pow••

and make. tho aer1ea oo~.apoDd 010••1, to our results.

lUI tor the n1at1.. posi t10D ot ox an4 horse an

ex_inatloD ot our value. tor tlH! nucleotlde P content ot tbe

hol's. (am IBtlle) w1 tb the ox aho_ that 1nd!vidual variatlona

1n tbe two group. fluctuate above GPd below both ever&gea

showing that ho••• and oa Ue v$1"'7 Dearl, rel.tM with respect

to thet. blood adenoalne triphosphate.

Sac!••. D,ltte"..... 'abl0 I eo". that the blood ot

41tterent apeel•••"1 ~.atll in tbelr phospborua oonten'.

!he d1fterent pho8Phorus traotions do not ."arJ III amount

directl,. w1 t11 tbe total a014 soluble phoapho.... POl' example,

the inorganio phoaplloJ-ua en4 the DUO leot1de phoapborus aH

h1gnel' 111 ox 'blood \baD 1n hori:u~ or INle blood, Jet t......e tote1

aoid aoluble pho.-phorul 1 a b1~er 1n the 1. t tutr tban 1» the

tor•••



'lbe ••'.N1ae4 phoaphol"ua••1ob conta1n. the 41phos.

phollJOen.e &014 and po••1lt11 a'bel'" lUl14entltle4eOllPOUft4_

••1•• _.eo41n61118 a. o..pusel•• of cU.tter•• speclea, ox•

• beep and goat. habS 01117 abou.t three to slx m1111t;rems per

hundred 00. ot oorpo.••l •• 1lbl1orabblt_ p18t _4 towl conta1n

sixt, mll11gr... or .....

Aa e'f14ence ,.eoelved UJl4e. the 41.ou..... oll or 81ucolpl.

suae.'athe po••lble pre••noe of .. bao.. pboaphatetn blo04.

atteRlpts were made to laolate or dttteot aueh 9.. compound.. PoP

isolation expe.l'1mente p1a blood was oho••n bee... 1t contA1D8

more .Saa1o phosphoru. ,han the blood of other _..ala, bu.t

the ri.... 01 to. .holo••e~'1II doubtttll .1nee pis blood 1.

reported. 41tterent trOll 0 tber blood Wi th r.spect to 1. ta earbo­

hidr.te metaboU.. tt). G1JCol78ia do•• not J;ake »1_ 1n pis

.r7tltroo,.... (13). warburs _4 Cbrl.tlan (4') toun4 two ...­

tano•• ill tbe blood of her•• tiLnd rat wh1ch utivat•••tbe...­

globin emS cau•• 1t to b.o~m 0X7sen ear!'ier 1n the respi­

ration of blood 1n "It... pI'Ovi4e4 b.exo•••monopb08pbate 1e pr•••r*.

The•• two activators *-1 ,tailed to r1nd 1n p18 bloolJ. 81noe

the prea.llCe ot uaoa.pbo'Pbate "ti. orlS1o&11, poatula te4 (44)

a. _ inter_di.t. 1n slucoae 4e~a4.'1on. t1» rem1t8 obtalH4

w1tb p1& blood oannot be .pplied to o1:her bloecls W1thout caut1o••

Atte!Rt. to 1a,lah BG.ae-monophospha\8 hom blpodl

Altbough the•• experiments Q'Oe lnoonclual"., a reool'd of t.h..

fDq be ot value 1n oleSP1ng the waf tor tuture attempt. to

lsolate h.....pho.phat. from blood.



Ca) Ia the 1'1.., ~j.~.' ,~ prooeaure to110wd

••••ugg.s" "b,. the ot!mb4. an4Z1D.1e1"1llllD (11) tot-

the lso1-'lon ot heao nophc,HlP.te &0Ia IJ\lMle. nS 'blood

(1.' U ten) wa. t*eD .'the $1'-'" Jtous- and. there 113ll18dia.­

1, ..... '0 reul' l1tel'S or ••1,..·,."_,.•1ehloroaeetle ..14.

!he tlltre" ....... nonJal ~tl tb ~.pe.t to bJ'4rooh1.erl0 ac14•

. broaabt to .. boil to bJ4rol1&6 the "enoa1netriphoapbate to

..4en1110 Ht4, theD 000184. IIUf solutton ... nen n8utt>f111aect

with 8041\111 bJd,rOXicl. -114 &0141t1e4 811111'1,. with acet1. a014.

At tbS.. pOl.' the work baa to_ lDtenupte4 *'14 the aolutloD

.... upt 04 lee t'or t ••nt,.....u 4.,.. Some h~rol,.la or th.

est....-7 h... OCOtlfttM. but h~xo.$pho.phe.t. require. more beat

and areatel' ae1d1tl th_ ........Uabl. tar '.ttSr· COlftpl~,t.

h1drolp1a ...oording to Lobma:nJl.

!he 11101'611I110 phQ_il\_\oa werepreolpltate4 b,.alkalS..

nl••tlon wltb po._..4 map••l,. oxide. A aaburated solution

ot lead •••tate wu a4de4 1tl exo••• to pl"CJclpl tate the orBanlc

phoa;;hona. a.xo....onopbo.pbCite ronaa .. solUble 10&4 aal'

but in the p....en•• of exo.. lead ...tate 1.t .~ell. to be

adsorbed 012 the otber 81multllnf:ouslJ precipitated phosphorus

compounda. 7b~ ...hed pp..1~,ltDt. was .eoompoaed wi th hydro­

gen aultide and li1ten-d. 'l'he tier.ted tiltrate oontaining the

tree phosphol'U ••hI"8 wu made alka11~t; with e. bot saturated

.olu tioD of 'barl\1Dl hJdrox14e. lbe prMlp1 tate contained the

barium salt ot Oreemral4', 41;;boapbo • 1 - 8110...10 acid (11).

'the tiltrat. oOBtalDed ".llli1e "Uti ant! an,. othep compoU114a

"hieh torm soluble bar1_ salt•• inoluding t~ auppose4

h4t10••phoaphate. Bulum .. ~t11 removed wi tb aultur1c

aold.. In orde. to remove the mUll"tid•• a solution or phos-



pbot:uDaat.lo &014(10) .a••dd~ b eaal1 quantitl•• ut11 DO

..re pree1pltate ••• tOftled. A,t.l' .....val 01 the ••••• ))!loa.

photung.tte aDd aulfurlc .es.. With barium hJf!ftUt14e. end the

her-ium with the exact _o_t of suIt_lo aoSd. ,bra ptutult1118

tiltrlit. hrh10h lfhou14 cumta1A~••pboapha. 1t F •••' 1n

bloal) eOIl'••" on17 a ••lWble trac. ot ....phorua. fb.

ta11ure to tJ.a4 huo••pbo.phete 1D this e.-p..1mellt 18 Dot

proot ot it. ab••nce_ 'o...lble 1"•••ons tOJ! th1g failure -7 'bet­

(1) ".oa-ptioD on the prao1pltated barlwa salta, ••pec1al11 011

barium aultat_. (2) ehemJ.oal chang•• lnthe baG••phoaphate

on long atand1nl. an4 fa) the $olub111 t1 of 1 ta l@ad salt.

(b) !be ••eondapeplment ditteNd trOll the ODe pre•

• eeding in that tbe lD801ublf: barlWl 8alts ftl"'e ...mo~ bcttn"e

the leed pre.lpS.'atloD. seven 11 te,.a or pta blood _ere added

41,.eot17 to .iib' and a halt 11 teps ot 1~ tJt!.chloroaoetlc ao14.

Tho filtrate was Dear11 nwtrali.e4 with conoen~.te4 80dt,.

bJd,a-ox14e, then .... ellght11 elkaline w1 th barl_ ~o:d.4e.

This pr~.dl.lre ahould pJ'eolplt!"te 1nOl"g_lo phosphorus, d1pho••

phOS1,....1...14, q4 MeD"lftO tJl1pBoaphate. JIo inorganio

pboephoru., but l~ot tbe or"£8Dlc p'bosphorua ... lett ln the

1'11trate. 1t0at of thie pboephoru8 .u preolp1ta'" with lead

soetate in neutral .olution. The 811811 emOUDt ot phoaphorU$

rema1nlni 1n the lead tilbets " ... dleearded sloe. 1t amounted

to onl: • mg. tor the ent1Pe seven litera of bloo~, or le••

th_ 0.1 11&. peJ" 100 •••

The ...he4 lead })Netpltat. wa. dec_po.ed wlth hJ4po­

.- wltI4.. Yo the ..pat... tl1 trate a metbyl aleohol so1uttOR



or bW.o1lM l\14roohlol'14e ... ~ed until blue 11tJauapBp$p was

••areel,. t:I1ftle4 l'e4. !be ttl tl'Ate wa. evapora'" 111 vocue a'

36-10°0. to .. Y01.... of 10 oe. 1'0 thte oonoentrahd solution

so.to.. ".$ added uatl1 eloudlneQ8 appeal-ed.On .tandlng on

lee * a aUhatance atvh4 torming In clumpa on t.be slde. ot t:b.e

tlaak. Tbla was Illtel'M ott ~~d moM acetone wea added w1th

more tormatloft of the sate 8ttbs'tamee. three tNl.oti 011$ were

tormed 111 tbis "&7 ..ount~ to about -.0 grams. This subslan.e

aocounted tor the 8...atel' p~t of the ph04phot-Wi In the aol'll.

tioD.. It was .,.llo1f1ah 1n color end b$04cop1e. No det1n1te

e~7st&111De struotu~ could be obser.&d under ~e mio~aoope.

:, solution of thi. ppeo1pl tat~ gave a atrona oPOtne teat tetr'

pentoae. but 414 not ""uco PehUngts aelution 1n41cat1ng the

abaenoe of hoao••phospbate. Prt::eadtU'1111c acld It oriS1nal17

present 1n tbe blood uncombbe4 nth "PJl"ophoslbate" would

sop.rete at thi. pol.t.

Co) 10 t'u.'·Ht.enta],1y ditterent procedure waa use4

1n the third expeJ'lment. SlJtteen 11 ters ot piS blood were

ad4ed to toUP'''. 11tera or 13.&j( tr1ohlol'oaoetlo acid 111 the

8laugbte1" house. Theltl tpstt3 1'11$;_ neap1,. neutraliaed .lth

eodium llJdr'0X148 and then made alkaline VJ1 ttl am30n1ta hydroXide.

Lesd acetate solution ... 84de4 to precipitate the phosphorus and

tbe trae. ot phaspbOpus let' in the .upernataat 11qu14 wit

preclp1,.ted. with ba.te lead. $C.t•••

TbeoomblDe4 lead proeolpl tate. were wapended 1n water

aM decomposed W1 th h~ogen ault14e. fhe ......teet tl1 trate

••• ma4f~ a1kal1ne W1 th .. bot 1lU~turQted solution of barium

7 7



lq4rox14e. the tl1trat. f1aom the baplum. pl'eo1pltatlon oonte1ne4

oall 86 mlll1sr_a ot phoaphorus equinlent to 0.6 1I111israma

pel'" 100 00. blood. The ptd'1ne m.teleotide oontent of the tiltrate

was detel'Jd.nM and 1 t ..aa ea.lcul.te4that about ~ of thephoe­

phorua present oould be aoeoUftttld tor lIthe nucleotide were

ad$U111c .014 or .. 11' tnoa1n1c acld.

Lead acetate was .w.. to ,reolp1 t~te the pho:'tpho:rus

oompounds 1n the aolut1on but fl.$aiD a trace ("1 U1PS., or 0.06 mae
per leo 00. bloocl) was DOt Pl"<1clpltated. Lead ...· removed with

hldrogen aulfide anet the 't'Olumi"i ot the tllt rate ._ reduee4 to
o

4 co. by evaporation 1n ...uo tat 40-06 C. This \'iscoua, ;yel-

loW1ah solution ga.. a positive o1"oln tea' tor pento$ea but tUd.

not reduce Benedict'. aolutioll indioating the abaence of

hexoaemonophoapha'e.

!be eo lution \Vb kept on lee end aeetone "fl. added at

Inten-Is. A small p1"ec! p1 tc~ t01"llled but the hexosephosphate

it present ahotlld have ~.naalnet1 1D t1» supern.•tant l1quid.

1'h1s eontaiD04 1.1 1I1111gr_8 lnorganlopbosphoJtus end '1.8

1D1111sr__ ot .....le ;IDc:ulphor* and gave a poalU.,. oretn.

~eat. p~a1n tbe presenoe ot th~ nuel$ot14e mate 1mpog~lble

en., attempt to ••parate ,. be,xoeep1'losphate it pp••ent.

(4) In tbe tourth • .&i~l"1m~' the SebeJ1elc method ...

used to pree!p! tate t:he blood protelDI., '1'0 tilt••1'1 11t01". o~

pIg blood .e"u~lccb.lo~lch cd h7droohlorlc aOld were added.•

To the prote1n-tree tiltra" lead a••tate was ad4e4 and the



aolutiOQ ••• alkalIne wi th .mom_ bFox14e. Lead. ohlor14e,

1... hJ'fh'n14e, an4 all tbe !T~o3phoJ"Ua oompound. were preolp1­

__ted. ' LeN.... rem..,eel W1 '1'1 b7d1"osen INli14.. After the

pr.clplt~'10Dof the bar1wa !.n$olUble aalta. tbevolUl'fte et tbe

filtrate .a. reduoed ln u'o. On the ad41tlon of fleeteD.onl1

a 8mall precipitate tor , due po.sibl, to nON'1, complete

removal ot adenosine trlPhoaihate with barl~. Aoetone w••

dlstll1. ott hom the 8upf)mfAtl1nt l1qu1d in vacuo. The solu.­

tlon conta1M4 adeD7110 8014, d14 not reduce BeDedlct 'a solu­

tlOll (indioatins abaeace of beJloaepboapbate) had no rotQtol"J'

power, conta1De4 .1gb'" milUi';-rflms of or-ganic pboapho-rus and

no 1norganio pbosphorus.

An attempt to remove the adenrlle acld present w1 th

mercuric aoetate atter addition or so4Ium acet&te and acettc
theretore

acid wa. unauoee••tul. !be .~reury .... removed 'Wi tn h1drogen
•

• u11'14. and the 801utlOJl neutr~iaed W1 th sodium b14rOX14e.

A solution of bruclne in methyl alcohol wall elided to

part or the tl1trate which vuu. then l1adeneutp61 wi th acetlc

aCid. It .a8 ev&porate4 in vaouo to a voluMe or th1rty eo.

Acetone waS acIded until Ii olowi tormed, then more at intervals

tor" tew da18. One 00. or 4i yellori.sh, heuTJ liquid separate<!.

All too phosphorus ••• 1D tb1. liqu1d except tor .. trace 1n the

aeetone. lfear17 half the phoi3pbOJ'U8 wa. in the inorganic

torm MOWing that bFo17818 W:Hi teken place.

Two-hundredth of a co. of this liquid gave a g{-'en

oloudines$ to Bened.lctt.1oh~t1onand three-hundredth of •

ec. a strong post tlve pentaaa test ~1 th o:rc1ne solut10D.



1'he pre.enGe of rsueleot14. ~{£a1n pr.ttented ttu. det.4tion of

bexosophoapbate 1t the latter We,..., present.

Discussion and Coneltlalonal The above experiments do

not prove oonolualvel, that b.eJtostphoaphste 1. absent trom hlood

stnc ":, not all trace. O.t pho2.phorUB ".re accounted tor. hut

the1 s)v.)YI that hexoaephoaphste COUld not be pre.ent in appreclable

amo'mts end th(i;)retorecould not account tor a large tract10n ot

the undetermiaed phosphorain blood. 'or example. 1n T,~xpe:rl­

ment (0) the barium aolublephoapnoru8 repre.ented only 0.6 mg.

per 100 co. of blood.

Unlesa the solution w~a made alkaline lea4 precipitation

did not br1D8 down all tr~ phospboru8, suggest1ng the presence

in bloOd or a phosphorus oomPOUJ1t1 whioh toras lead soluble aalta.

The p ••tel' traotl,on of the organic phoaphorus compound.

1n pig blood torm barium 11UJolllble sal t.. At least halt ot the

amaller fr-aot10Jl Wb10b .a. not preOipltated by barium h1t!r~

(0.6 me. P per 100 ee. 1n E.ape~r. C) Wq composed ot fi nucleo­

tide, lEulv1ni about 0.26 all. P lluaceOWlt$4 tor.

ttttemj!ta to "teot aexosee-pDate .In41lrectlta 1'ro

different tJ1',)ea ot .xp4Jr1meft~8 were tr1&4 to 40t80t nexoaepbo••

phate in blood. !be tirst WlUI by applJing to blood the method

ot 0071 and 001"'1 (8) tor determWng bexoaephosphate 1n muacle,

and the seoond by the det.rm1n~tlOD of the .1Itter soluble phoa.

phorna compOunds 1n tbe tr1ohloroaoetlc ftltrate Or blood .tt••

separating the other pb.osphorutJ cOUIpounda.



Ca) IoJlmal- and d1 ab.,io bum81'1 blooc! we:roe U8~ tor

thl. eSperlmeatl. !be blood \"I.~ 4.tlbplnated and the pt-ote1u

preo1pitated 'lthtJt1ohloroaeetloaoi4. The _thod ot Corl ..

Cori (8) wal follo..... The celleral o'tltl1De or the procedure

1nvolves removal or 1DorglD1e Phoapborua. adenosine triphosphate

and d1phoapboalJoerlt acid ¥Ii th hot aatul"Gtect solution of

barium h1dro.xlde (adenl11c fle1d i.Dot removed)~ preo1p1tatlO1l

ot the soluble bUium salta in 80;.( aloohol, and the removal

ot barium tram the alcohol p~oipltat. by sulfuric acld. In

the reaul tina solut1on bexosephosphate i;a doterm1ned b7

me8~lng the red.uclnli power (us1ng the method or n86edorn and

Jensen) and ~he total aold s()luble pbO.phol"U8 (method of

P1.keane:! Subbarow (14) ).

the ....ult. obtained \1'1th human blood, normsl d

d1abe'io, are .1".n btloW' exvre.sed as !ld.ll1p._ or pbospho­

rus per 100 eo. ot blood.

Total P in Ba-Ale.. )11'''.
Hexo••pac.ph_te P(Oal0.t.G8

reducing po....)

lormal

".0
0.0

Diabetic

;$.a

0."
1'h. b1S 411'1'•••0. bet.~en th$ pbcsphorus values ob­

t.laed 'b7 41..., a.hiDg aDd. b1 oaloulat1ort trOll the reduot,.

power polnt to the pre.flll"•.!)f phosphorus oOllpounda other thaD

hexo•• phosphate Wh10h form barium soluble eal t.. i~ns

tbe•• woul4 be "enl110 ao14 wb10b might ha""e tteenftirnmd b7 __

h7t!rol1•• 01' .....aln. triphosphate. C~l 8111 Corl (8) eho••a
that l1uto~OJl. 1- , ••01p1tate<t tosether with the bart_



bexo.ephosphate and l11terteree 1:r1 reducing the Hasedora •

Jensen reagent.. In vtew ot the pr-eaence of interfering

sUbstances, snd the 8mal1 amount ot h.-os.phosphate In bloo<l,

if' pre••nt at all. thl••ethodcannot be applied to blood.

(b) file .ll..-er eal t ot hexo••-monophosphate Is ..-0 lubl.

whIle all known phoapl'lopua compounds of blood tON silver

salt. Whloh are insoluble at PI 6.8*. This raet wae used aa a

b..ls tor ctetect1q hexos.phosphat. 1n blood.

The protelna ot the blood we:re precipItated W1th l~

trichloroacetic acid. !he filtrate waa neutralised with ~o4iua

hydrOXide t111 very faintly pink to phenolphthale1J1t One-tenth

volWle ot I~ al1ver nltrate solution was added. The preclpl.

tate waa 'Centrifuged and the supernatant l1CJl14t11 tared.

Silver waa removed from the filtrate with h~og.n sulfIde.

the aerated tl1tp.,. Gontalned quantitIes ot ol'ga:nlc phospho­

PUS •• 11ste4 below,-

DoS blood
Pig •
Turke"

1.1 nut. P per 100 co. blood
1.0 w ," •• ft

1.1 " p" ft. •

Prom tnese e~perim.nt. It is olear that not more than one

Dll11lgrom ot phosphorus per hundr.a ce. of blood could be due

to hexo••pboaphate.

* A popsonal oommu.nication to Dr • Kerr from Dr. pt•••



SVlKi:,.lty...

1. Pboapbov••t1ae we.. proved absent tl-om d08 blood.

a. !he ratio ortbe nucl.-otide ph(>aphorulS to the orgtlntc ))hoe.
ophorua h~ol1S.d b7 aermal IIOt in a.Yen minut.ea e.t 1000. tn

the blood 0: 41lt.Hnt apeo1ea approached the theoretical value

of 1,2 tor adenoalae trlpho8phate.. This constitute. indirect

ev1dence o~ the pre•••_ ot adEinoaine tr1phoepbate 1n blood.

a. Attempts to laola. hexoa.phoaphllt.e ftoom plgblood 't7ere

un.u.•••astul. tb.e tractloJl. in wb1ch the compound".s expected

gay. ncaat1Y. tea" wi tb Benedict's solution. Quant1tative

exper1ments prove that hcUtQ8epho$phate, it present 1n blJod,

could not aooOUQt tor- more than one m1111gram ot the pboapbo.

rue of doS, p18. h.-D. and tur<'-61 blood.

4. The sum or 'he ~17.~bl~ IiiI1d nucleotide phosphol"'i-l8

(which our experiments indicate to be Adenosine tJtl!Jbospbate)

and the undeteJ'll1ae4 traet10n of the organ1c phoephopus vat'1

greate1l tram one apec10a to UIC other.

I. The suggest10n 18 made tlu,t adecnoa1ne t:r1phoaphete i8 the

8ubatrate tor Ka,ts bone .na~ in hin in vltt'o expeJl'1..rnenta.

f. ()llOo1J1;10 pOW•• 1s c11veetly ..elt;,te4 to the .enoal_

'l-lphoaphate oantell' ot tb*erytlwoolt.a ot 41ft.na' species.



!be 8Xpel"1mentlQ ~J"t: ot this paper was 401le

4UJ"1q the 'tear 198 In Dr. lteJ'pt. laboratory .4 uacler

hi. d1recticm. ~ wish to thUllc b1a tor bi- £1-7 c1'*ltl­

cal suggest10na and bl. untaiUnI p.tlecoe aId inter.,.t.
an

"I lQ' thmkaare alao 4ue to Dr.". Bo4naaJq' tat' hi.

lnter-eat 1Jl the W)rJc 884 to M1s. Sl1m who wa. 81_7*

1'0847 With her ae1p 8ft4 oa001:11"&g8.__• Last but DOt

least, ltd.. to tbA1nk JIr .. Kr1ko1'*3eraJ4arlan fII14

Ill'. .anuel. Ba4141.. top the u- a1d 1n ••cul"lns blood

flbd tor theu help 111 all possible ••,.. 1n the laborato..,..
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II. !HE RAftO OF Tilt!: f';.",\SILY ilIDROLl'ZA8LE
PHOSPHORUS '1'0 1"ftt': troCLEOTIDK PHOSPHO­
RUS 111 RED. WHITE, AND !iEl,Ji,;t MUSCLE.

Aa 41tt••••, k1•••f D'I.uacle have been known to V&rf

1n tbe1r chemicaa1 .~a1tl0. (4) 1t was cotull4ered worth wbU.

to stud,. the relation or the e••i.l,. h14rol,.llable phosphorus t;o

the .nucleotide phosphorus 11l difforent ti8au... our eXperiments

on red, white, and beart .seltz are recorded 1n this paper.

Uperiment.l. '!be an1mal, 80S OJ' rabbit, was an.atb.ti•••

witb ether ~4 the reqm:ped muscle wa. exposed. removed, and

plunged lJ111ledlatell 1n 1141114 air. In the Geae of the rabbit

the whole &f'OUp of calt .\l801•• (gaatpoonem1ua, plantariS, 801eu)

was remoYed,whl1e in the eaa. of the 40S t1••• on17 a plece

or the l"....lred 'lsaue ••• .. t ott. the trosen tlawe w.. fPoUD4

ln a mop t .. chilled Wi th 11'\114 air. trenatene« to •••1gbe4·

flUet1tJ ot .. Wlohlo"a••t10 -.1d&:04 the weight of the t1.1111•

• .-ple determ1ratHt hI l"e"elgb1Di. Enough trlchlo.roa.e'S.o a014

.... then ad4e« \0 .M. a 4.,1nlt. 41lutlcm, uaua.11l 1.10.

!he lDOl'sanl0 pnoapMrua. the pboaphol'tts hyd.rolyaable

~1n,g ••ven 1I1autes at 100°C. 1n 11 hfdroehlo'" .014, the total

..014 8.1uble pholpho1'1la. -et tbe nucleotide nltl'ogel'1 W.I".
"etel"mued aa d•••rib.. 1n the p)"eVi OU8 p......Ttle nuoleotld.

phosphorus ... oaleu1a'" em the .as.,tlon that eQh at. o~

phosphorus 001"1'••,.04. to tlve ..tOD of Dltpog.n.



tor rabbi' ga.treon_lll.. an4 40,$ h~art and Sartorius are given

ill Table I. the ratio of the nucleotide phosphorus to the .&.117

hldrol1••ltle phOspho". 1ft red •••1. was of tm ._. magnitude

.a the ratio ln blood, ,be eV$l"tlse for the three determination.

being 1,1."17. aeart mu.I. on 'he .other hand showed .. eon.latentl,.

lower ratio 111 tb. an· •••rag. ot 1.1.aV. 'fhl. dlfterence suss••ta

ao dltterent explanatlona. Pirat, that heart au••le containa

the same adenoalne 'rlphosphate ~. red mus.le but contain. in

addition sub.tan••• that tUU\ hJdro11Z. the latter more Cl,Ulokl,.,

80 that part of tbe phosphepua 1s bJdro17ze4 1n tbe interval

betweon the ~.•lIOv.l ot the nnuu)le atld 1t. complete fixa"- oa 1ft

11C1Uld elr t and ••e'" that M~rt !IR1801e eon ta1na 0. diftorent

a4en••lne polyphosphate. !hia explanation See••. to be support"

b,. the peoent tln41nsa .f oth.~ W01"k6.... n.utlobe (.3) rer....

to the 1"18t1011 b1 EmWe. of. "Bersnueleotldtl &0lI heapt

1'I\1&01e. the eonat1tutlon ot whleh 18 not establi.hed, but whleh

contalna phoaphorus 1114 nltt!osen 1ft tbe ratio ot &,10 augge.tl•

• 4inucleotlde.4. up ot a molecule ot adenosirut trlphoaphe.te

In combinatlon w1 ell • moleoule of ue!lo81".diphDaphate. or

posalb17 two molecul.s ot ".no8ine triphosphate with on. pboa.

phoric acld an..e4 b7 the two .01_'14... Tb~ theo..etlcal

,.atio ottbe nuole.tt4. pbosphOru to the hJ4pol,.s.ble org.,t.

phosphon. of auo11 a 00llpoundwou).d be 2.1 or 1tl.l. Ou.t- ....ulfi.

ter heart muecle 0'" ...oh nearer t111. ratio than that of l.a.

An a4euoa1ne polnhoapborlc acl<1 found in hCUiPt 41at1not

r.om the olle found 1n ••01. h$.8 t4ao been mentlee4 bJ Lob­

.arm (1).
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ra'"0 ot the •••111 hfdrol,...ble phoaphol'U8 to tho nucleot14.

phosphorus. This may be due to the tact that post m.ortem

changes take pl•• DlUeh more r.p1d11 in ..M t. than in red muscle(").

and 80me ot the ea811,. hl4ro11zllble phosphorus may have been

h}dro17sed during the II. seconds b.t....n the lso1ation or tbe

musole and. 1ta complete tre••lng in liquid 61J". Corl and 001'1(1)

tound 1 t ditr10ul t to obta1n re.ting value. tor hexosephosphat.

1n rabblt '. mtl8c1e beeaWl. of thr: twitching ace ompenl1ng exposure

_desclaloD.

Adenine Ducl.0\14. nltrogen ..... detel"Ddned 1n the skeletal

mua.Ie ot the rabb1t b1 Oatern and Parn.. (6). 'lbelr result.

g1ve about one halt ot the nucleotide .1t1'ogen found by our ..thoa.

'!he ratio of the nueleot14. phosphorus to the ~a.l1.,

h7drol1aable phoap'bOru. 1n th1fr reel musole 01' dog. 1lbite nrtIJIol.

of rabbit end he...-, Jl'f.dole has b$$n determined. Beart ftaele

seems to conta1D a 41tt•••nt ~eno.1n. Pol7Phoaph$te than bloed

an4 re4 musole. '!'he ..eau1 ts obUine4 to" rabbi t mu.ele w.r.

not ul'd.torll. but the 1'st10 of hJ4ro17lable phosphorus to mao.­

leoti4e was diatlDctlJ l.wel' thm wi th red mu.acle and in no

case was over Ifl.'.

5
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n••ue
mg. P ).1' 100 ~.. ~l.IJU' naU10 or

IT.A.8.P. I."S. IftlO~.'" 1!-JCU'0l.. Wucleot14e P
D1u. P.c tlde P. 01"g. P. to bYdrol ..P.

Dos 141•• .... 21.& 31.3 1.1.U
Sartor1ua 161.9 '1.1 20.6 M.' 1,1.79

tf 161.1 ".0 21.0 M.I 1.1.68

A...; 148.4 83.. 20.0 a6.8 1:1.7'1

DoS h.~t 11O.S .•., .. eO.1 8'1.0 1,1.304
.. It ue••

I
".' 21.1 29.' 1.1.40

" 112.0 4'.' 21.7 29.6 111.~.

A••• 11.1.' 80.6 21.0 28.' 1,1.3'1

Rabbl' 1'1.1 81.4 2t.9 4e•• 1:1.66

caU mu••
01•• - '1.1 U.4 a1.0 Itl.S'T

" - 7t,1 ae.o 27.' 1,1.0'1

" 1'78.' ,a.8 26.'1 .1.8 1,1.a,
" • ' ••0 29.8 41.0 1,1."

A••• 186.1 ,... 27.3 M.O 1.1••
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