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EXPERTMENTAL WORK




INTRODUCTION

‘iPhQsphqric‘gcid‘esfers and‘the'enzymes hydrolyZiﬁg them havé‘
| assumed'a‘very cdnsiderable ihporfance, bothéan applied’and~pureiy "
:égiénéific one; inthe study -of mammal and &easﬁ pﬁysiology. In
o thefhighér planté little has'been‘determined about théir/funcﬁions.
EVRecognlzing thls we. commenced work on plant phosphatases choos1ng
l as our. representatlve spermatophyte-barley. |
The occurrence and necessity of the element phosphorus in the
11v1ng cell was establlshed by de Saussure (1804) Sachs (1860) and
‘other 1nvest1gators egrly in the l9th century. The,discoVery of,ifs
l esSentiality fo life and its cloée &ssociati§n with carbohydrates;
 fats and proteins has led to the belief that its study would De a
'key't5~disclbse'mngh;of the mechanism of livingucrgénisms.'k
:ProgreSS in_the study offphosphorusfmetabolismEhas, hqwéver,
,"Vbéen 6ondi£io#eé‘by é‘lack’éf knowledgevof"ﬁhe ¢hemisﬁfy of‘fhé
I;element énd'its compounds as‘they ocour in’qrg@nisms,; In'recehﬁ
| o years “this state has been altered. Kay'C?'thaS'reviewed our pfesent:
;kknowledge of the phosphorus ccmpounds of plants and. animals. |
Phosphoric acld esters first assumed importance in phy51ology
| fplloW1nggthe;lmpgrtant‘dlscqverieqipf Harden and his,assoc;qtes (;S
in‘19@5;ohfthe{generaljeffegf‘of*the‘gdditicn of sodium phosphate
‘ihﬁrééaing‘thégtdtaifferméntation produced by yeastyjuice on sugare
\k With‘these researdhes'and the lOng series following«ﬁhé phosphofﬂs,

metabolism of. yeasts was inﬁimately linked with the fermentation

‘ ‘~proéess-through"thejeStersfof the monOﬁsand,di—saccharldes. It is
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" }'sufficient'td'say'here thsf?othér phosphoric esters, the phospho-
’s,?llpides, phosphopro%eins meta- ortho- and pyro-phosphates etc.
:  have assumed an 1mport in many metabollc processes. ‘ |

Prlor to Harden 8 researches, Buchner (1897) had succeeded

| ‘in 1solating from 1iv1ng yeast Zymase, which when freed from tbe )

~ last trace of organlzed cell materlal was able to bring about
identical fermentation processes as had before deemed to be possible
only‘in'the presente of actiVeuyeast cells. Enzyme chemistry ﬁ
fﬂde#eloped rapidly in“the anuing;years and‘several obServatiOns
 ‘appeared on enzymes effecting the cleavage of. organic phosphoric
5'aciedfesters (e.g., C. Neuberg and Lg Karczag (5)1‘ Thelr wide L
dlstribution in the plant and animal kingdoms vias soon 1ndicateds,
;'Phosphatases and thelr substrates have now, in additlon to their
yimpoptaneesln fermentations, become slgnificant in the study of-
~ muscle contraction, ossification, in the work of the kidney and
tin sanyeother‘processes in mammalyphysielogyﬁ ~in plants we know
e,little or nothing of their relation o metabolic processes.
:,Goncelvably they mlght be of importance in the transformatlon of
~ sugars apart from the photosynthetlc process,—- 1n the germxnatlon’ ’
of malting barley, in sugar storage by sugar. beets. If in mammals”
s they are 1nt1mhte1y llnked ‘with the cslclum oompounds, mlght not

,the ‘gameé be true in plants, Many questions might . be asked.~

The writerﬁwhilefrealizihg the;manyfproblems'preSesﬁed‘bye

:,7phosphatases:andwtheif substrates in plants has sought only to
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vprepare the way for their fubure study; The wofk accomplished while
, not far reaching is fundamental. Something has been gained
about the preparation of phosphatase extracts, and something
determined of their distribution through the development of the

barley plant‘,4




MATERTALS AND METHODS

“(a) - The Plant Meterial"
Seed of a pure- line of Duckbill barley {a sinrcwed Variety of

, Hordeum vulgare L ) was obtalned from the Department of Agronomy :

B and sown, 4 seeds in each in an clay pots in phosphorus free. sando
 One>series received weekly Hoagland‘s complete numrient solution end
a second series received a simllar solution in which potassium
dihydrogen phosphate was replaced by potassium chloride. The comylete

'and phosphorus deflcient soluxions were made up as follows.

Reserve Solution 1. KNOB o 67 g. ) T o
, o R } in 1 L.ag. dist. -
| Mosoé 100 g. ) G
ol 2. © (N05)2.4H20 208 g (in 1 L.ag. dist.
b " 5. KHSPO, | 50 g inl Leag. aists
w4, KCh.  26g. i1 Liag. dist.

22'c.ca;wé6 CsCe and 12 csCe OF ‘reserve solutions 1, 2 and 3

V‘l  reSPectively added to sufflclent ag. dist. to make 2 1. gave the
}fphosphorus deficient nutrient solutions | . '

| Since the water requirements ofthe plants at different

: steges of growth varied 850 greatly and sincé the object in view was |

only to obtaln normal  and phosphorus deflclenﬁ plants, fixed

quantlties of solution were not glven the pots after the first few

weeks. Rather, the amognt required became ‘e matter of jadgement

4o see that the sand was unlformly moist in all the pots. Distilled,"

 water likewise wes given as requireds
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‘Firét sowings wereymngVNQVember é,u4955gand sihilar series
ﬂwsré‘setfup-QJring the experimental period (until‘March 15’_19521
évery three weeks. g ’

 f’ The photoperlodlc effects onthe barley were very marked.

‘Plants sown November 2, 1955 for example, came inﬁo head but é
;»few days earller than plants sown the second Week in January. is
"fa result where enzyme activ1ties at dlfferent growth stages were
to be compared, plants of a 51ngle sow1ng were used.’ | |
| Planus of the second serles showed marked phosphorus deficiency
within’flve weeks. Al eight weeks the_deflclency Was~verygpronoupced
~i‘wiﬁhvtypiéai reddéning éf the foliage (from‘ﬁhe,leaf tips and |

' édges back) with eventualﬁnecrosis'of theflowef 1eaves and & low

i dry Welght.

The photo below 1ndlcates the . difference between plants of the

o series:
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| Plants recelving phosphaﬁe weekly grew rapldly and were hlghly ‘
"succulent as a result no doubt of the comblnaﬁlon of the high green-
;house temperatures and short photoperiods. Such a conditlon was
’ffavorable for~aphis attacks for which pests the plants had to be
‘ﬁcontlnually sprayed.
; Normal and deficient plants eame 1nto head about the same dete.

: Accordlngly,‘lt was assumed that on a given date such plants of
ae‘the same sowing were at the same developmental stage,
eWhen~germinat1ng seed wag required,fdormant seed W&SfPlaéede

between blotting paper’in‘a dark room at 30. + 5° C; for five days.

| j(fb);‘me'ﬁ‘ais and Wethods Required for Enzyme action in vitros
Phosphatases effect the cleavage of phosphorlc acid esters
k‘ l1berating free phosphorlc acid. To determine their presence and
fl;activity the usual condwtions for enzyme action in vitre must be
set up.‘ | |
- To & substrate {some giveneph0sphoric~acidyesﬁeri in a solutiOn
“ buffered to a pH. sultable for reactlon and set at a desirable
temperature, is‘added a‘001101dal solutlon contalnlng the’enzyme
l.jprevzously extracted from the livzng plant tissue. ﬁﬁ'the~ehd ef a
yrknown perloa the phosphoric acid llberated is deteimined assumlng
i‘bhe amnownt of acid freed in unlt tlme isg 1nd10at1ve of the actlvity
1of the phosphaﬁase." T | |
| In greater detail our procedurewmas a8 follows.

To 8 c,Ca of phthelate, veronal, or slycine buffer, a trace of
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"teiuene and'l c;e: of 2%dsdbetrate;in~af£est‘tube was’added 1 coos
of enzyme extract (about 6 mgs. ofidriedkextfaef)~and the feaction

- set at the de51red temperature. A4t the endiof addefinite period

: usually 1 hour, 1 c.c. of trichloacetic aeid was added the mlxture -

‘Jcentrifuged and the llberated phosphoric. acld determlned by the Klng (]

'gcolorimetrlc~method. Series were run in dupllcate.

After the conditions for enzyme action in vitro were set’up
and a reaction llberatlng phosphorlc acld. shOWn, it ‘wasg necessary
Jto show that the actlon is enzymlc and not ‘an ordinary catalyzed
chemical reaction.

Certain charaoterisiics of enzyme preparatlon and their action

- are used: to determine the differences In‘bfief some of those are'
k {1) the thermal instabillty of ‘enzyme; enzymes are inactivated at
”~dcerﬁain tem.peratures° { ) thelr sensi%1v1ty %o C(H) and C(GHI
’( 3) thelr actlvation and inhibition by certain substances. '(41 their
n;colloidal and proﬁein nature as exhiblted in extracts. (5] their
“, abillty 40 be spe01fically absorbed etc. (6) their sensitiVity

I

to maceration ‘etcs

oo In addltion to demonstrating the. enzymic nature of a reactlon,
it-is sometlmes desirable, though dlfficult of proof o establlsh
 the speclficity of the enzymefinvolved-=i.e‘ whether more than one
'n enzyme was acting on the substrate and if one, whether it is capable
of actlng on -other’ substrates. This is pertinent to phosphatase
"investigations for 1t is not known Just how. many different phosphaﬁases

‘,action”@mosphoric esterg. Agaln, an enzymlc estract mlght Gonceivably
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éct Qn,a substrat¢ in~diffe:ent‘ways;ve‘g. barley extractVOnfa hexose

 *eétér. 'In this case glucolySis i;e.vénzymic:dégrédation of’the o

hexoae unlt to lactic acid might llberate free phosphate, or, on
,~the other had a true phosphatase mlght act yieldlng free phosphate
wbux»leav1ng the hexose unit inuacte Vhich is true may be determlned
by follow1ng the quantltative relatlons of the rea.ctlon° Further

: i,complications may be readlly 1ntroduced into the question of ”

spec;ficity;of enzymes.

(L) Preparation of Standard‘Buffer Sdlu%ions: :
' 68 : -
Sorenson 1909 (10) and Michaelis 1909 (ll)‘recﬁgnized and -

;emphasized the fact of the profound 1nf1uence of C(H) and C(OH)
‘Tthe activities of enzymes, As ”regulators" for the productlon and
 maintenahce‘of a‘definite hydnogenylon concentratlon'the standard ©
“  ‘ﬁuffer,soluti6hs,recommended by these men are Widély’emﬁloyed;in ’
WQenzyme ‘chemistry. | |

~ The choice of buffers Whlch can he employed in phosphatase

e  reactions are limited. Since free phosphate would 1nﬁerfere wmth

the presumably rever31ble reaction in which phosphate is one of the ,

end products phosphate buffers cannot be usede ‘Additional free

phosphate would also decrease ‘the reliabillty of its colorimetric
—deﬁerminations. Further' many buffers have been found to 1nhibit

certain enzyme reactions and only those, found by trlal to permit

fsuitable,activlty, can be\considered,w



4 Wé have found severél‘standard 5uffers'to be suitable for'bur
barley phosphatase reactions. (see also W.Jack (121 ) |
f(’) ‘M Potassium acid phthalate and M’HCl buffer mixﬁures by
k,Sorenéon ?10 H range pH 2. 2@»3.8, preparzd as giVen in table
by_clark (15).
('b) m'ipo?cassium acid phthalate and ¥ NaOH buffer mixtures b‘,y’
Sorenson ?10), range pH 4., 0~-6 23 preparzd as glven Ain table by

g Clark (18) .

V ) 7.505 g. glycine + 5.85 g. sodium chlorlde in 1 1.%*0 l
N Sodium hydroxide; pH Tange 11. 2==8., 5, prepared as given in table
4~ by Clark (15), buffer mixtures by Sorenson (10) k
: ;(a) +1 I glycines o1 M NaCh + 0.1 N HCh; range pH '
ﬁi;i;és.ﬁ prepared'asthVen in,table~by;01ark (15) buffer ﬁlxtures '
: b&’Sorénson~(lC)s ’ |

"(es'Michaeiis' (14)gveronal‘buffer.

‘(2)<»Protectants:'

Enzyme chemlsts generally employ some protectant in. reaction
’,tubes and during autolyses %0 prevent the. growth of and hence the
possible 1nter;erence by, microorganisms.~ ﬁnaesthetlos and electro-
lytes, euch as sodium chlériae,,in high eoncentfations,'are,: 
 fféquént1y:emp10yéd‘since'ieactions of an enzymic’hature are nbt
‘gréatly inhibitéd by them. In our~éxperiments we used P toluéne
at & drop per tﬁbe. Chléroform,‘and;cbncentrafed sodium chloride

were used with equally good results.
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(3) Substraﬁes:
| Since esterases Vary in thelr abillty to hydrolyse ‘theirnsubstrates,
it was necessary for us to use- several phogphoric acld esters.
;1;; Sodlum glycerophosphatennBrltish Drug Houses‘"c C. "
‘quallty, and phosphate free., ’
20 Sodium pyrophosphate--"c P end pﬁosphate Pree
‘Obﬁalﬁéd from ’Physxclan s Pharmacy," Vancouyer Bs Cuo
,5. Calcium hexose diphosphate obﬁained from Brewing Cos,
: Ontarlo, was an impure product w1th much insoluble matter and w1th
a high percentage of Phosphoric acid.‘
o Hexose monophosphorlc acid.‘,(Rebisonﬂesﬁerg) This
: ester was first isolated by Robison and co—worhers 07)'and'is'foﬁndv
along with the dl-acld durlng yeast fermentatlon. ,Seﬁeral~methoda(
have;been uged for,its_isolatlon. ‘We,used the~following procedure
; byrﬁa&mond~end‘Levene {(76) |
To live yeast and an .excess of vlucose, sodium phosphaﬁe was
~slow1y added to malntain an optimum concentratlon and was followad
by frequent cclorlmetrlc~analyses,for phosphate._‘Whlle fermentationj
was. stlll proceedlng vigorously 1t wag interfnpﬁed’by adding

trichloracetic'acld and~the mixture~was centrifuged. The ‘diphosphate

- and inorganlc phosphate Wwere preclpltated by adding a soluxlon of
Baqb equivalent to the phosphate used and then Ba(OH}z o pH 9°;
After{beingvcentrifuged the selutlen was clarifiediwithecharcoalyand‘
econcentratedpat re&ueed;pressure to a,smaii volume. The'mOno*

phosphate was preeipitated by adding'anpequal amount of 95% alcohol
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'?wahd*purified,bykrépeatea'solution and precipitation.

"tPryde 95}~givesVRobisop'S'Method‘for;the“preparatibﬁ of
d‘hexose ai= and mono-phosphoric acids by yeast fermentatlon. 'This
l:procedure has an ‘advantage in its exactness and produotlon of

dffhigher'ylelds. It is,,however,‘muchfleSS'rapid. The preparatlon of v
t”thefﬂeﬁberg“tﬁ) ester by hydrolysis offyeaot'diphosphorio scid is
tfglso‘gdven oy,Prydes t |

by ;PaSternak @7) hes vecently prepaxed‘the Robison ester from

{;Wheat'flour and we prepared a small\amOdnt of it aécording‘to his

method.’ Wheat flour was hydrolyzed by 27 HsS0, for five hours .

L at bolllng temperatures, cooled and the hydrolysate neutrallzed to’ ’

'qephenolphthalein with b&ryta. Following filtration the flltrate B

Was treated with two volumes of alcohol and purefied by further

f;t preclpltatlon from equal volumes of alcohol, from rotatlons of the

‘~Barium salt and free acld and from the meltlng p01nts of the
ffphenylhydrazine salt Pasternak found hls oreparation to be -
'aidentlcal With Roblson 8 ester.;dt |

._qumo/ma

Sodlum phenyl phosphate, Sodium metaphosphate hydroﬂy-ge%m&oiiﬁe
tphosphate, etc. are obtainable 1n pure form, and are suitable substrates

”for'trlal. Sodium hexosedlphosphate may be obtained in relatlvely

;purefform under the trade name "candxolini",_,f-

(4), Pre§aration,end Purification,of'Enzyme Extractsg~

'The'methodﬁdsed in obtaining an. extrect‘of phosphatase with
its assoclated materlals depends essentlally on Aits" solubillty in

' Water and insolubility in ‘protein preclpltants such as alcohol



,eacetOne;'saturated'ammonitm sulphate soiﬁiidn‘ etc.

oy
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To transfer the enzyme from the plant gource to en aquaeous

'1nfu51on some . method of 0pen1ng the cell structure mnst be found.

. Wé tried autolysis (f.e0 automatic dlssolution of cells by unchecked

'f_degrading enzymes such as the erepsins) and mechanlcal fragmentatlon.

*iThe activity of extracts obtained w1th different auiolyses and with

'dlfferent‘perlods of maperation 1n‘a hall mill, in a hand mincer and ‘

o iﬁyéfmorﬁar~With sand and with glass wool, is given in DABIE I:

: TABEE I

- Extract'sounce:

germlnatlng seedn-at 6 mgs. a tube.

,Bgffer:‘ veronal--pH B, 6., Time' iE houre'e
" Substrate: 27 Sodivm glycerophosphate. _Temp.: ’55°‘0;
| TUBE |EXTRACTION TOTAL P | INITTAL FINAL FREE P
| NO. |PROCEDURE. pH MGS. FREE P. ~
f PER C.C.iMGS.PER READING P
. 1 Co C‘ ’ p .
|1 |Ball mill~-4 hours.  [5.6| .44  1.08 22 .02
2 IBall mill~~1/2 hours ~ | - | .44 .06 83 .00
|3 |Ball mill--1/4 hour. | - | .44 .06 | 33 .00
l 4 Mbrtar~4sand~—15'mins. 1g.51 44 la little] = & little
5 'Mortar—-glass wool-- L - a4 .'006 33 501
R ; 15 ming. . o - o S
-fsﬁi,erncer-autolysis-~ 5:5 1 44 06 18 05
8 R 4hmwsy,'” : '
i

; The~method adopted in subsequent work was 0 grind the plant
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piént maﬁerial fwice in & hand mincer éhd fdllowed by 10-15 minuﬁés 
,~i@$cera£ibﬁ in a‘ﬁoftarg water was ‘then added to 90% (only in %he

_case Of‘seéd;had mﬁph watérfto*be added) anqusing toluene as &
7 protéctant auﬁolysis allowed for‘4-8 hoﬁr5~at constantitempéréﬁu:e‘
| The autolysate was centrifuged for-5 mlnutes on. e small

‘  electr1ca1ly driven centrlfuge, filtered through a coarse fllﬁer payer
 ‘}1and from the filtrate by twice preclpitating from 95% aleohol the

‘kénzyﬁe extract ﬁas obta1ned. The extract drled over concentrated

“ H2SO4 had later %0 be ground flnely,c"dlssolved" and the welvht of insol-

uble matter determined., 4 mgs. of extract were generally added to -

each tube, which amownt gave a Saﬁisfaéﬁory‘reacﬁion.

TABLE II

‘H,Ex%ract sSources germlnating seed.

‘ﬁsBuffer. verpnalw BT ‘ _ Time: 1 hours

% ,substrate: ~2%¢sodium glycerophosphates Temp.: 30° Co

TUBE | AMT.OF| STATE {TOTAL P ;m’mmx. smmmgm P - |LIBERATED P

NO. | ENZYME{ OF |pH.{MGS.PER: FREE P o CRE B o

St Mes, |ENZYMEf - L CuCe i |READING s, PER |[READING | MGS.PER)
R RREE T B TR I A 2o 1 0.Ce

1 8 Actlve el 44 little | 20 | 1 11§ .18

2 ] 8 AR S0 5 BT T R o0 11 8 .25

o) VI R 19 1 BT nool20 .1 28 «07

4 ] 4 M BT WA 2 M 20 | sl 25 | .08

5 2 Mo 16l 44 itrace | 20 W1} -- 1little

6 . f e oM BT AL M 20§ W17 i EEE

e 4 Inactive Bl | .44  flittle | 20 1 L1 | == "

8 | 4 pomo BRI 44 bt 120 1 - "
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Precipitents: Methyl alcohol was used as a precipitant chiefly

'vaeceuSe itVWas~available incConsiderable quantitysf'Generally 8#10 e
‘ tlmes the flltrate volume of alcohol brought down a flocculent

\ proteinaceous preclpitatee It was noted from general observatlon

'the moie rapid the pfecipitatlonfthe more,act;ve'was the exﬁract. e

"We were'unable to. developea~uniform'precipitation time even with .

the addltlon of coagulatlng agents.

D1a1y51s a8 a further means of purlflcatlon wes not employed

because it led to 2 decrease 1n activ1ty of the extract.

However, the

extract was:dlalyzed to remove electrolytes when‘its aotivation‘by

, magnes1um ions was atﬁempted.

. Cole Mﬁ) were used for seml-permeable membranes. e

Collodion membranes as prepared by

Acetone and ammonlum sulphate used as preclpltants ylelded

S extracts as active as, or more active than methyl alcohol.

" Eﬁzyme‘Extract.

Aewggetone preclpltatlon. :
. B==glceohol- precipitation. -

C—-ammonium sulphate preclpltatlon.

: iﬁuffer; Potassium Acld Phthalate, ;sze: 171/2 hours.
'eéubetrate: Sodlnm.glycerophosphate. Pemp, t 52’ C;
TUBE|{pH |[ENZYME |TOTAL P;INITIAL|{STANDARD TUBES EXPERIMENTAL TUBES
‘N0, | |EXTRACT|MCS.PER|FREE P {READING | P MCS. |READING | P MGS.
C.Cs IMGS.PER| PER C.C. ' PER C.C.
y , g ; * ,
1 B0| A | .aa | - 20 ] el 13 .15
2 |Bes| M 44 -_— 20 o1 7 .29
3 lees|  m f a4 f -= 1 220 .l 11 .18 -
= v ' \W“iﬁn ouuunueu)




- DABLE ITI {Cont.)

=12

18-

TUBE oE ENZYME | TOTAL P|yrprarn |STANDARD TUBES = HEXPERIMENTAL TUBES
o lyo. |T |EXTRACT| MGS.PER| pppyp p |READING| P MGS: | READING | P MGS.
R : | CeCe | MGS¥PER| PER C.Ce PER C.C.
" CoCe ' ‘
T B , : o
11 |5.,0 B '1.44 trace | 20 o1 20 | .10
12 1BeB) ™ | 44 M 20 | el 25 .08
|3 [6s5] ™ Poedd ] M 20 5 18 o1l
11 150 -C odd 05 1 20 | .1 14 +14
2 5.6l M| 44 W05 | 20 | Ll 10 320
1B 16eB] M| edd W05 20 | 1 20 .10
-4 . 596 - ‘944: - : 20 ' dl Satedt ——

<

In the’sﬁudy of mammal phosphatases; tissues in a soluilon‘bf
;substrate have been found to split off phoéphorlc ac1d¢ While in tlssue
: reactlon the unknown factors are 1ncreased 1n number, they have an

advantage in rapldlty of preparatlon. We trled several reactlons w1ﬁh

Efmtissues of the barley planﬁ.

:This.acidfis aigeneral*precipitanfiof prcﬁeins,

'(5)'Trichloraeetic Acidt

: congulatlng them in such a way as to render enzymes in the protelnaceous ‘W”"'

1nactive. Trlchloracetlc acid does noﬁ interfere w1th deter- S

-extract
mlnaﬁion of free phesphorus by the. King. GP)‘method to any appreclable‘
;extent and it prevents the 1nterference in this determlnation by

: proteln through their precipitation. Hlnsburg 1) u31ng Flske and

"Subarrow (31} colorlmetrlc method reports 4hat the use of trlchloracetic.

 acid may cause an error as high as‘SS%.

(6] Method of Determining Free Phosphoric Acid: Since Bell and Doisy (7)
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proposed their method for the colorimetrlc determination of phosphoric

P

: a01d in 1920 many modlflcatlons of it have appeared. In ouwr work we .
'usedra reoenﬁ modifieatlon 7 Kine hﬁ Mhterials required were
as followss

1. 72-607 perchlorlc acide

2o 5% ammonlum molybdate (phosphate free)

19

3. ' 0. 27 1 2 4 amlnonaphtholsulfonlc acid (45 gms. of

:mthe 1 2*4 of %he acld 30 gms. sodlum bisulphlte and 6gms « sodlum
j’sulphaﬁe dlssolved in aq° dlst. +Ho make a volume of 250 c.c,, left
'stand overnight filtered and prepared every 2 Weeks.)

e - Standard Phosphate 2.1985 g. K PO, in. 500 cace
_ag. dlst. to glve l mg. phosphorus per c.c.‘;'

To 10 CeCo 0OF reaction mlxture obtalned after centrlfuglng the '

B trlchloracetlc acid pre01p1tate and 31m11ar1y %o tube containlng 10 o.co

dof standard phosphaﬁe or some dllutlon of 1t . was added,
i l CsCo perchlorlc acid followed by gentle agitatioh.
| 1 clc, ammonlum,molyhdate Wowm Came
, 0.5'c.o.T¢1:2:4 ecid " T S
5 minnies was alIOWed for the blue color of the‘phOSphomolybdic
,‘:complex to develop and the reactlon tube: read against‘thefstandard“

"tube i the colorlmeter.

Accordlng to de-Beer s Law the absorption ‘of 1light by solutions

,‘1s dlrectly proportlonal to the ooncentration of the colorlng suhstance.~

‘°The amount of phosphate in the reactlon buhe may thus be compured from.
- the equation Co:Cy = I3t Lg where Co is the phosphate concentration of
the gtandard and Lo the tube length»of the standard (in m.m.) as,read

SLET RN
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elge

~on ﬁhe'éoldfimeter andfwere;d-’isythe phbsbhate concentration of the

2 reactlon tube {the unknown) and Ll its tube lenghh.

Our colorlmetrlc determlnatlons were made W1th a Klet£~B10

b‘,'¢o;orimeterfusedvand cared for in the manner'desgribed by Coles {71} «
 ‘Thé;a¢c§ptedkréading 6n,a tube wes the average of’three.

fTotal_PhpSphorus;was also determined bykthe King (W)imethpd;

R

07(7)*pH”Detefminaiions?; With few eiceptidnsidétermiﬁations of pH were

':made electrometrlcally u51ng &, Leeds and Northrup Co. qulnhydrone pH
1ndicatpr,» P0331b1e "drlft" and "salt error" were minlmlzed by fre-
quently‘dheCking;the‘pH determineduelectfometrically with La, Motte color

f standards.f Temperature corrections were made from the table prov1ded,

- _pH mearsurements above 8 wére determlned by the La Motte set. Leeds and -

E Northrup Cos’ @h} in ﬁhelr valuable notes have déseribed the use -and |
care of the quinhydrone pH 1ndicator. Goles (7} also deals Wlth~its
‘ ‘ﬁéé. Though only small amounts of extract are avallable, 1/2 generally
’;goes 1nto pH determlnatlon tubes. B;D.H. caplllator, colorimetric
:system of pH‘determlnatlon requires‘ohly sma1l‘émounts,bf‘mixture,“
'}as also do several recently developed mlcro-electrodes for uge on the

gurnhydrone. (Pierce and Mbntgomery (T }
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EXPERIMENTAL RESULTS

”(af To demonstrate the ex;sﬁence of -an eniym;c reactloh with
 'phosphor1c acid esters as suhstrates, in whlch one of the end products
“]1syfree phosphorlc acld,f;

'-FTeevphosphofic'acid is not liberated except in the presence Qf
}~ﬁhe-acﬁi#é enzyme extract.‘:Fi§m fhe'data in Table IV it,iSvseen thaf )
: cémbinétions of buffer and subsﬁrate withquﬁ‘actiVe extract, as of‘f
- bﬁffer'and~actiVe,extract wiﬁhout/the subsfraté yield nb'éhosphoric
a01d' that the buffer plays little part in the reaction other than
t regulatlon of pH is indlcated in the llberatlon of phosphoric acld byu

,a,comblnatlonyof»enzyme and substrate w1thfbuffer absent.~

' TABLE IV

ﬁ‘Extracﬁ Source: germinating,seed. Times: 1 hour.

:'Substraﬁé: ‘2% Sodinmﬂglycerophosphate. Tempo.s: 26° Cs

Buffer: Potassium Acid Phthalate; pH 5.5

- |TusE | BUFFER | SUBSTRATE | EXTRACT | EXTRACT | TOTAL P | LIBERATED P
IWo. |10 €.C. § 1 C.C. | 1 C.C. |BOTLED | MGS.PER| MGS. PER
N 4 ’ o g IR 1 C.—:CC . ~Ce‘co . /C‘O,Cb

B T T R T I B
;2    .54; | i o B . ‘,*;y’f A;44‘  | ﬁrace
8 | S ERNN SRR | + - .00 L 00
be | o= |+ e e 1o | .0s

o + | o= | = e | w00
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The'therma1~instability‘of an esterfcleaving’substance is shown

dn & consideratiqn of Table V &nd Pigure 2. ‘The data, while not very

Loy

~ satisfactory from the point of view of completeness is sufficient to
demonstrate the progressive inaétivation of the enzyme at temperatures

above and below a broad optimum around 26=57° C.
TABIE ¥V
Oondi%ions'as~ih Table IV.

Extract Source: A-germinating seed. :

B-leafy tops.

Lo

|TUBE | TEMPERATURE | EXTRACT | TOTAL P | - INITIAL P LIBERATED P
0o | CaC. 0.

NO. | °C.

2 BPYTREE B CRRE (VR ’  e
5 »f'57? | 44 | sl O
e ] soéés°“ ’;'44 B B Y

5 | s . | ow0s | 10

W -

: 6 650 B ‘ .44: . . °05 ‘ S 006 o

v | 100° Baa | .44 | 405 ° .08

1 {a)j* B7e A | .35 B s I

* Tube 1 (ajkis Tubeyl,aftef 1 hour at 7° Cs

The‘SignifigénéeVOf pHé' The hydrogen and hydroxyl iOn"concen.;
tfatfon:of‘éjmediu@ is'a fﬁndamen£a1 inf1uence in mnst enzyme |
’reécfions.  Activity pH curves comparing félative ectivity With‘the :

pH‘may{befconsfrubted to demonstrate a characterisﬁicroptimal region
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of acfionaf (Figures 3 and 4Y s

; With crude extracts and often with highly purified ories the position
B :
'of the reactlon opﬁ:mum in relaﬁlon to the pH scale may vary con91derab1y

~,w1th the source of the extract. Thns with our crude phosphatase extracts el

 the optimal reaction zone with root extracts {pH 64 5»6 8) than that with
the‘extract from green tops (pH 5. 0-5 6) «
| 'Difféfent‘ﬁuffers with identlcal extracts mey influence the‘posiEiOn e
of the pH zone of optlmal reactlon. In a compariSon bf TableS'VI and
f VII and flgures, it can be noted that act1v1ty pH curves -are. ‘somewhet
differenﬁ Where c0nd1tions,are,equal exceptifor the bu:fers emplqyed.;
:Othef‘substances and vafying,conditionsybf tempergtﬁre~may'charge the

optimal. pH zdnes.

 TABIE VI

‘;Extraot;Source:"germinating*seed-—s mgs. - per tube.

 Substrate: 2% Sodium.glyéerophosphate‘ Time: 1 hours

. Buffer: veronal. SR » _Tempet 26° C.
{TUB INITIAIEINAIENZYMFTOTAL BINTTIAL STANDABD~ P LIBERATED
'NO. PpH {pH MGS.PERFREE P | : KRGS
' o edc. pes. PERﬁEADING-MGs.P ADING| MGS.READING| MGS.
S NP PER | . {PER{  |FER
L : Ct‘Co' C. C‘ "C.Ca
17 8.2 [B.8] + | && | = 20 | o1 | B0 .oss 8L | .06
21 44 (4.5 + w44 —— 20 ol 27 | 074 27 | .074
B 5.2 |5:8| + | o8& | == 1 20 | 41 | 22 09 23 | .09
41 BB 5.8 + | o4d 02 20 s1 | 18 a1 17 | .10
B 6.8 |67 + | odd - 20 | W1 D 18 L1119 .11
61 75 [ Tek| + 1,44 | .02 20 1 1 25 081 .29 | .060
71 80 [ TeB 1 4 1444 |02 o 2007 41 | 37 054 27 | .054
Bl 5.8 15,7 — |edd | == | 20 o1 | == trage =~ | trace

o
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-ty
TABLE VII
"Extpact Sourcer A= germlnatlng seed { acetone precmpitatlon Y=-6 mgs.
B RO C B dormant seed-=6mgs. per tube.,'

E?b&frate:  2%,Sodium glycerophqsphatef;

Time: 1 hour. ' Temperatures 26° Cs
TUBRINITIALFINATANZ YMETOTAL PINITIAL smannﬁnns ‘P LIBERATED
NO.| pH pH MGS.PER P (5 ™
Coele ‘ CeCs  MGS.PERREADING| MGS.| READIN 1GS.READING MGS.
! C c. | FER PER PER
e ‘ »C‘QC& Lo 1C0aCe ; CQCO
11 | 3.1 13.1) & | .44 |-- 4 2  |.1 | B 05|38 .05
2 | 40 (441 a |l W44 f--27 1 20 (.1 ) 21 L1 | 18 .11
B | B.B | Bed| A B R B~ o B B 9 fLe4l 11 .18
41 6.5 |65 ). A1 A4 | -= 200 el ) 11 {18 11 | .18
15 70 701 A | 44 |-~ 20 {1 25 08| B33 | .06
6] B0 | TT A 044 | == 1 20 05 | 25 .05 | 28 i .07
17 110.0 945 A | 44 [ -= 1 R0 .06 | 26 (05 26 08
B8] BB | BB | = | o4h | == 20 (405 | == ibrace -~ |trace
1| 5.5 15,61 B | 44 |little] 20 |1 | 11 18| == | ==
2 T 605 605 B s odh: e : 20 - oyl' 112 2] 16 - e
3 J?,s,s 1 5.5 T B 20 el | e lem| we | ee

, The - optimgl réacfidnzcnesffOr all our ?hasph&taée exbracts lie
 on the acid side of neutrality. - Correlated with this is the fact that

 the réaction of the orude ce11'9an'of~bérley is acid.  (pH 5+0~648) o
|  Th1s does not nreclude the possibility of barley phosphatases w1th
 optimal re&ction zones on the ba51c sxde.
‘ All our pH’actlvity curves (flgures 3 and 4} possess relatiVer
broad zones of optlmal reation. Thls is 1n striking contrast to the
: s actlvity pH curves for mammal phosphatases where .2 pH may cause large

fd1fferences.
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Suitable salt mixtures whose acidity does not alter appreciably
/oﬁer,a certain range by the addition of acids, bases or aﬁphoteric
s;bstances are used in reaction tubes %o prevent an alteration of
acidity due to‘products slready present or products formed in the
course of enzyme reaction. The addition of a substrate such as sodimm
glycerophosphate of alkaline reacﬁion will tend to raise the pH.
Similarly other substrates and enzyme solubtions may alter the ini%ial'<
pE (W, Jack (%) ).

Over most of their range the buffers we selected were very suitable,
changing but little during the course of reaction. Tables VI and VII.

With the quesﬁion of the influenge of materisals chcomifant with
the enzyme reaction are to be considered specific activators and
inhibifors.»-Lohmann &ﬁ) and others have shﬁwn‘thaﬁ & specific activator
of yeast and mammal phosphataseg is magnesiﬁm in the iénic form. Bj
dialyzing our extracts to remove electrolytes then adding a magnesium

chloride solution we were able to activate barley phosphatase.

Table VIII and Figure 5.

TABLE VIII

Extract Source: A4 - germinating seed (dialyzed)~=6 mgs.
~ B = normal root {dialyzed)--0mgs. .
¢ = germinated seed {not dialyzed)=--6 mgs.

Buffer: Phthalate. = . Mime: 1 hour.

| Substrate: 2% Sodium Glycerophosphate. Temp.: 26° C.



26

TABIE VIIT - Oontinued:
muzg| PH|140Ly ExTRACT| TOTAT, P FREE P : smémm,‘ _ LIBHRA P
‘Wo.| |6 mgs.|  |MGS.PER [MGS.PER| READING MGSAPER [READING | MGS. PER
Podemr | | 0.00 ) Gu0. ooe. | GG |
Palssl | & | e | = Lo | a | s | .
25| — | & TR P 0 | a0 18 a1
3 5’.6( + 1B 44 o 0 o S VI RS, 7
4 5;'6 - B | .44 | 20 .  1t 388 | ;‘,0’6.]
slsal| & |4 | ae |- 1= | oa | 15 | s
6 sl — | oa | a | - 20 a | s | 08
7 1646 g ¢ 44 hrace | 20 a0 12 | a7
’,1*55;‘6“ + | 2| 3 ,'-s‘ ykzo‘ 1 2 |   ,.10 *
| ex ’5?;5:, L A WB7 | e 20 | el s | .06

*ﬂ Substrate: Sodium pyrophospha%é. ,
' Ffomsseveral series, dialysiS*of*dormanf seed extracts seemed to

ylncrease ﬁhelr activ1ty and 1t was thought that a dlalyzable, thermostable

’;:1nhib1tor of barleJ phosphatases had been foundg A later series did not

~confirm these results and the use of 1mpure toluene as a pnoteecant cast
‘,fdoubt on the former findings. The~questlon of aot;vators,gthex than
magne81um and innlbltors was left in abeyanoe.‘ ’ |
:,(a) Dlstributlon of Phosphatases in Barley.
A substance in barley preclbltated as a proteln aansztlve to

maceration and capable of catalyz1nw a reaction in Wthh free phosphate
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was’split~from phospheric acid~esfers, a subetance with activity opfima
atidefiniteepﬂ aﬁd‘tempereture zones,andkagﬁivatedfby,magnesium chloride,
'Qe'beiieﬁed to be a true phOSphatase¢ ‘(I£S'determina£ion asg such,
‘fhowever, was not qulte complete--dlscussion page e')‘ |

7 7 The followmng tables IX=XIV illustrate the qualltatlve distribution":
of phosphatases through the development of normal and phosphorus deflclent
: barley from seed o headlng. While g few short series nokt glven, were
frun at other stages of. development the date is sufflclent to indicate the
fdistrlbutlon of the enzyme, in a gross way at least throughout growth
and in allyparts of the~plant;’;Table XII_summarlzes th;s datae Many

- omissions are obvious,‘part16ular1y in regard ﬁo‘the pyrophbSphatases;

TABLE IX RS NS

: Extfaet,soﬁree: 'A - germlnatlng ‘geed.
T B~- dormant seed. .

Buffer: Potassium acid phthalate. Time: 1 hour.

 ‘Substrate: Sodium pyrophOSPhate .06 M. UTemp;; 56° C.

 |TUBE{ EXTRACT! pH TOTAL P|FREE P || STANDARDS |  LIBERATED P
| NO.|SOURCE | = |MGS.PER|MGS.PER| READING|MGS.P |READING | MGS. PER
Fooegu 1 CeCe | GuCs |  IPER C.Cef 0.0
P17 A 150} W37 = § 20 . | 85 | .08
2 1 A |Beg BT == 1 20 | .l i85 | ...08"
B A |6sl] .37 | trace 20 1.l 18 AT
4b A 1BLTL 87 == 1 20 j.1 ¢ 18 o11
5 ‘ A 72 037 . idrace 20 fiel : 28 007
6 4o e 504: 37 L e 20 ioed o : -
1| B |6el] 37 | + 1 2 .l - B85 | 1055
2| B |6s7] B7 + 1 20§ el B35 1 W06
31 B 1Bedf <37 | 4+ 20 | o1 {39 «05
Al = |Bes W37 | 20 | el ' ,




Extract Source: A %'germinating«seedé-ﬁ mgs. per tubes
B - dormant seed=-8 mgs. per tube.

s

Substrate: 2% WA glycerophosphate. Typet 1 hours

Buffer: Potassium Acid Phthalate.

-B=

 TABIE X

Tgmp 08

28

26° ¢,

SUBSTRATE

ENZ=

pH

TOTAL F

MGS.PER
ClC

INITIAL
FREE P

STANDARD

 LIBERATED P

READING

MGS.P

|- PER

CsCe

READING

MGS . FER |
CeCs

iSodium glycero=
- - phosphate
E, S ]

1

Calcium hexose=
diphosphate
1t

1"

 [sodtum hexose-
diphosphate
L ‘" L

’ 1
~ |Sodium hexose=

'(Pasternak)‘f’
S i

" |mononophosphate]

S

BeS it

5.9

546

1549

5@5

5.7

1646

'7509’"

44

“052
.32
o34

e

.22

22

-

Lz

L .05

804

04

257

005 :

:d
20
20

20
20.
20

20

.20

el

ol
ol

‘1

ERES

o1

ol

L1

, 7: 1 e
10| .20
2 | o.0er
508§
o | a7
9 17

20 " .10

20 o10

Sodium hexgééé 
diphosphate
: L

o

156

fS%Q:: 

034

B4 |

995 ‘

405

|80

20

oo

ol

el

11

‘diphosphate

Calcium hexose~|

892

+32

4257
@25? ,

20
20

a

ol o

.08
«06
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Extract Sourde:

§ =9=

‘TABIE XI

29

A - ROOts,éf Normal Plants+§6;mgs; per tube;‘

B =~ Tops of Normal Plants=-6 mgs. per tube.

Eﬁﬁait;étgf 'Sodium glycerophdsphate;‘fTime:f 1dh0urg ‘

‘Buffer: PotaSsium gcid ph&halate.: Temps.s 26° €.~

EXTRACT

pH

{TOTAL P |

MGS. PER
50.0| 

INITIAL
FREE P
MGS. PER

CgC. )

STANDARD

FINAL P

READING

| 6o

MGS.P |

PER

READING

WGS. P
_PER C.C.

" LIBERATED .

R ST S S

5.0

543 |
5.8
1645
7.0 |

5.8

RY
' ;44
o4l

044

20
20
20
i
20

20

,"'1 -
1
o1
o1
91‘

ol

o 1a

25
22
12.5

13

‘QOB
o09 &
.16
16

e

W W

w N

RERT
5.8
j 65 2
;;"'E?;O:l

158

540

oAl
. ;44;

o&d

44

44

|

| 20

20
20
20

20

20

g

a

ol
01 
;él

‘1

15

,15
20

B o

in :

.13
.15

.10
.10

.08
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DABIR XII
- Buffer: Potassmm Acid Ph’chalate.f
Temp.: 2£6° C. ‘Mime: 1 hours
EXTRACT | SUBSTRASE OPP. |TOTAL'P | INITIAL|P LIB- | % OF ESTER
- |SOURCE ~pH - |PER C.C.| FREE P |ERATED | HYDRO~
MG, MG LYZED
- Dormant | 2%Sodium glycero~ | St - o
4 1 phosphate 5.5=6501 44 - 18 40%
iSeed.  |2% Sodium hexose~ | L , o
o ' diphospha‘be 1B.5=640] 34 - .18 - 53%
Dormant |2fCalcium hexose= | T . o
S . diphosphate 15:5=8.0| .32 - +08 25%
Seed. +06M Sodium pyro- / R , . o
L phosphate 6e0=6451 .37 - +10 279
jGermi- 2% Sodium glydero—‘ FRa T Tl A B
‘phosphate 15s5=6.01 44 | =~ .29 66%
inating |24 Sodium hexose- o : S
’ R diphosphate 545=640 o34 - .22 - 65%
Seed, 2% Calcium hexose= : L
§ R diphosphate  15.5=6.07 32" == 1,08 25%
2% Robison L ' :
ester 545 +22 - .10 45%
-1G08M Sodium pyro- e S - ,
phosphate 11640=645 | 237 - .11 - 30%
IRoots of |24 Sodium glycere-| ~ |
~ {Phos- ‘phosphate 640 | 44 - .08 - 18%
- ‘phorus 27 Calcium hexose-{ ‘ SRR :
IDefic~ |  diphosphate  |6.0=8.5| B4 - .05 14%
lient L08M Sodium pyro- i : ’ AL
{Plants ‘phosphate BB 37 - 07 | 18%
(Table XII Continued)




. DABLE XII

(Continued)

-5;1—

Bl

EXTRACT
{SOURCE

| SUBSTRASE

OFT.
pH

TOTAL P
MG-’

INITIAL
FREE P

P LIB-
| ERATED

‘% OF ESTER
HYDRO-

MG. | LYZED

.fRdbﬁsjof
Normal

iPlants

2% Sodium glycero=-

‘phosphate

diphosphate
s06M Sodium pyro=
phosphate

| : 6.0
2% Calcium hexose-

6+5

6.5

44

238

37

a6 | seh
.08 25%

A1 30%

Tops of
tPhos-
phorus
Deficient
plants

2% sodium glycero=

" phosphate

| 545

a4

o7 189

Tops of
Normal
. {Plants

phosphate -

24 Sodium glycero-'A

5.7

aa

trace

$15 34%

 Tissue:

TABIE XIT1

A Normal Boots——ls c.c.-

~Mimes

B - Formal Roots 1nact1vated~~15 ccc.

Temp.:

1 1/§ hbufs.

30° C.

‘,“Noo ! .

ImI8=

SUBSTRATE

STANDARD

TRITIAL
FREE P

LIBERATED P

10 C.Cs

I REaDING

MGS.
PER
0.0

B

READING) MGS.
{ PER |
CaCl

'READING| MGS. PER
: C.G. ’ :

647

1645

1647

109 Glucose

1 4% sodium
glycero~-
phosphate
10% Glucose -
| 4% sodium

jglycero=-
phosphate

20 1 Ll

20 | .1

20

20 ol

;1

i
.

15

30

a0

15,
J181
;07;

o7l

20 o000

12 08

28 +00
21 «00
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thcerated tlssues where 1norganic phosphorus was not too high
f nad to which substraﬁe was added gave: reactlons similar to those
, glven'by extractsa The use of tlssues 1ntroduces more unknown factofs
‘and tbeir only advanﬁage is in speed ‘of preparatlon. In mammals where,
’,usually, hlghly speclallzed parts are more deflnltely set apart tlssue‘

~‘reactlons have proved of value (Bodansky (77 ) . For What they are

o worth then - the data in the Tables XIV%XVII are presented.
TABLE XIV

roots of Normal plantss -

rootes of Normal plants prev1onsly heated to 100° C. for

‘roots of phosphorus deficient plantso o (3 minutess

roots of phosphnrus deficient plants previously heated to
100° Cs for 3 minutes.

Tiggues:

Yaws
R

| Substrates: 27 Sodium. glycerophosphate.\

Time: 1 1/2 hours . — ; Temperatuie:' 30° ¢,
- TUBE| pH |TTSSUES |SUBSTRATE| INITIAL P | STANDARDS | LIBERATED P
mo. | |10 C.C) 2 C.C. {READING|MGS.| EEADING|MGS. | READING|MGS.
SRR : : {PER | PER ~ {FER
S Celel Celoi 0 C.C.
1 {6s8] & 4+ e a0 13 | w08
2 6.6 B - 40 05, 20 1.1 40 | 400
3  6},0 B - 00 o=t 20 |4l ¢ 22| W09
4 16,0 D “+ 00 | =] 20 |.1 | trace| -
5 ‘E;au a .20 el 20 |.1 | 24 | some
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TABIE XV

- Tissue: A - active root tissue of Normal plants.

~ . = inactivated root tissue of normal plants.
o actlve root tissue of P deficient plantss
;naotivated root tissue of normal plants.

‘Uaw

Substrate: 2% Sodium glycerophosphate.

S Mimes ‘1'hour,‘ o : . Temperstures 30° C.

TUEE | pH|TISSUE |SUBSTRATE! STANDARDS | INITIAL P | LIBERATED P

M0. | | 20 C.Ci 2 0.C., |READING WGS.P|READING|1GS. READING GS. PER
S S PER | | PER R NN
‘ c ° 0,9 3 CQ'C. : )

{1 (6.8 4 + 120 [ |20 |l 11| .08
2 6.6 B |+ 20 1. | a0 |08 40 |.00
3 60| G | o+ 20 o1 | 00 .= | 22 | .09

4 60/ D |+ 1 20 |.1 | 00 | -=| trace| 00

5 6.8 & e a2 b1 22 | 00

Dissues: ' '  Substrate: 2% Sodium glycerophosphates
A = Prdeficient; tops actives : LY .
B - P deficient tops; inactivated by boillng. Times 1 l/z«hoursq
. C u Normal plants; tops actives n B . -

. 'D - Normal plants; tops inactivateds . Temp.: 26° C.

TUBE | pH{l5 C.C,|SUBSTRATE|TOTAL P|INITIAL| STANDARDS | LIBERATED P

NO. .| | TISSUR ’ 4 CCs -1 PER C+Cé FREE P "READING MGS,P REED' ING| MGSa
et .0,

11 5.8 A o . trace| 20 | W1 | 25 | .08

,‘+;’

s ls.al B trace| 20 1 | 40 .05
5 54l o | * 10 20 | 20 o1 7|07

4 |55 D + | 1 | .0 | 20 . 18 |as

5 |5.5y A | aqedists | trace| et el 0
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TABLE XVII
Tissuet A= normal bariey kernel—-l5 CsCe . Time: 1 1/2 hours.
T B = P deficient barley kernel-—l5 CeCe :
Buffer: Phthalate. , % : Temp.: 30° C.
T e , TNITIAL  LIBERATED
TUBE TISSUE SUBSTRATE , STANDARDS FREE P P
KO, . 2CeCe : ‘ BEADING MGS.P - MGS. coe MGSe
o ‘ “FER PER - FER
0 C;q CQ C ‘ Co C.
1 & Sodium glycero- s . o o
e phosphate 2% 5 20 105 48
2 A yisodium pyfo% , , : = A
*"  phosphate .06M 20 +1 .05 +39
5 B None . 20 W1 - W05 - trace
1 4 B | Sodium glyéerbé , b :
‘ ' phosphaﬁe : 20 ol traqes o ldttle

Several p01nts are worth noting. Free phbsphété; for an example,
"ldld’not 1ncrease markedly until the ester substrate had been added.
Again heating:tissues toitemperatures of 60° and over‘caused a decrease
in phcsphateg Just at what temperatures this process ocourred were
ﬁot détermined. In view of the doubf‘cast on the occurence ino:ganisms
'df,a'synthesizing "phospﬂatase," should this procésskbe e constant thing
3 in{tissués fts further investigation might be warranted. |

Several attempts wéfe made by éddition of glucose and'phosphate to
extracts‘to‘obtaiﬁ»an enzymic synthesis of,phoéphprig acid~esters’bu$
they~wére'noﬁ'sﬁccessfula The‘only,enéouraging”results we obtained in

this direction were with green leaf tissues containing considerable free
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esters phosphate or to which dextrose and phosphate had been added
‘artificially at a temperature of 60° O, or over, Such conditions led to
a disappéarance of free phosphate. The nature of the reaction was not

determined.  Tables XIV-XVII.
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~ DISCUSSION

Differént;preparationé'from the éamé part of'the‘baf1ey plant, using |
' ,the same,pidcedure, gﬁve;extrécts‘of‘satisfactory but not unifdrm activity;"
beé‘acfive extractsgmight,be prepa:éd”ﬁsing'precipitating’agentsvsuchf’
éskaceﬁone'or‘ammoniumrsuiphate or ﬁSing sodium chloridé'éolﬁiibn, rather
"t‘fbah water in'extraétion. Lohmann (%) has prepared hlghly pure exﬁr&cts
Vof phosphatases using absorptlon methodso ‘Harden and Macfarlane =) have
- Ffound the mechanism supplylng 1norganlc phosphate in yeast o be hlghly
sen51tive to grindlng and usually nearly destroyed whlle the: zymase
~,and co-enzyme System'passed with;at least 1/2 of its original;activity.
‘Senéitivity‘to grindin may have been an explanatlon for the lack
of uniformity in different extracts. It‘was noted too that aatlvity
“varled with the 1ength of time taken by preclpltates to flucfuate 1n
:,the MeOH.
"  wé found Sorenson's glycine énd potassium’acid'ﬁhthalate and
 Michaelis' veronal (Sodiﬁﬁ diethylbarbiturate) buffers to be suitable
. f’okr‘ro’u.r ‘u'ksef;‘ ; : ‘ . ; |
nZOf‘ohrVSubstrate§~sbdium g1ycerophosphate7and sodium pyrophosphéte\
;wére*ﬁhe‘0n1y~"0 P." products. The others weie ofvﬁnﬁested purity.
”7Davies“@¢) and other 1nvestigators have found the Klng (f‘j colori~
: metric deﬁerminatlon of 1norganlc phosphorus to be a suitable method in
phosphatase investigatlons. Unless some critical comparison of cur;ent
,’001orimetric‘methods is unaertakeﬁ,’and;,unléséyit is shown to be at

 fault its use, because of its convenience, will be wide;
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In several cases our enzyme extrabt hydrolyzed its own weight of
‘Fubstrgte in one hour. With phosphataées, never with a high active content
in extract, this is,satisfactory.

From our tests we concluded that the barley plant possessed true
phosphatase systems liberating phosphoric acid from ester substrates. The
catalyzer we showed %o be thermally unstable above 65° C. with optimal
.regctions about 26°=37° C. pH activity curves were determined showing
broad optimal zones. While optimal activity was always in acid media
the possibility of alkaline phosphatases is not precluded for no enzyme
extractions were made in alkaline mediz. Precipitating by usval proﬁeiﬁ
precipitanﬁs,indicated the protein and colleidal nature of the extract.
In common with 6ther phosphatase extracts ours was sensitive %o
Maceration and activated by magnesium ions.

One point iﬁ proof of the identity of our enzymes is lackinge The
hexose unit in the sugar phosphates might be attacked glucolytiéally
H0 yield lactic acid and free vhosphates By following the products of
the reaction quantitétively, the proof would be complete. In another
manner a similar end coﬁld be achieved. Olucolysis occurs only in the
presence of a dialyzable thermostable co-enzyme. If following diglysis
phosphoric acid esters~were‘clea¢ed glucolysis as a possible factor
would be removed.

Demonstration of specific phosphatases in our extracts is lackinge
Lohmann (57) by differential absorption was able to separate PyTo=
phosphatase and sugar phosphatases in muscles Levene by reactions in
point of time was able to'establish the identity of three separaté

phosphatases acting on phospholipides. HottorLMX_believing the
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Specificity of phosphatases was determined not alone by the nature of
‘%he bond uniting the phosphoric acid but also by the nature of the
alcoholic residue divided phosphétases into {a) phosphodiesterases

{®) phOSphdmonoesterases {¢) pyrophosphatases (d} amidophosphatases.

The presence of a metaphosphatase in corn has been suggested by Menjddhl
and Weissflag 7). Waldschmidt~Leitz (#) upholds the determination

of Levine and Lohmann only.

The diéﬁribuﬁion of phosphatases has been shown to be very wide and
their functions are just becoming known. In mammals and invertebrates
(Roche) different phosphatases are found in many orgsns and tissues,
muscle, bone, kidney; blood, brain, intestinal mucose, and tumourse. In

yeasts and Aspergillus oryzeae, the source of takadiastase; phosphatases

hydrolyzing meny substrates are found. Phosphatases are found in rice
and jackbean. From our tests it would Seem that in barley, also,btheir
distribution is wide, and are to be found in roots, tops and seeds and
‘at all stages in de¥elopment.

CONCLUSION

The results of our work must be regarded as essentially gualitative.
Because of the very considerable variations in conditions of extraction
and reaction guantitative results cannot be deduced from the data. MNany
refinements in technique are obviously necessary for further work, We
do, however, submit the following conclusions:

1. The barley plant possesses true phosphatase systems,

some of which, at least, are activated by magnesium ions.

2, Phosphatases are widely distributed throughout ‘the
developmental cycle from seed to seed and occur in phosphorus

deficient as well as in normal plant, though possibly less
active in the former.
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«ls INTRODUCTION

In view of the rapidly increasing numbers of researches on phos-
phatases and their related metabolic exchanges, recent pertinent
literature is difficult to appraise. The following discussion ig as a
consequence, very limited both in general outlook and in the number of
papers reviewed,

"Enzymes may be defined as definite material catalyzers of organic
nature with specific powers of reaction formed indeed by living cells,
but independent of the presence of the latter in their operation.”
(Waldschmidt-Leitz] With some important differenceé they are much in
keeping with Ostévaldts ¢ ) definition of a catalyst. (ai their action
consiste of accelerating reactions probably already in prégress and
which are, theoretically reversible {Van't Hoff.] (b) the enzyme is
not a product, is required in small amounts only, and does not act in
molecular quantitiess {c¢) in a general way the’rate of reaction depends
on’the concentration of the enzyme. (d) most enzyme reactions are
hydroiytic. TUnlike most catalystsréf the usual type {a) their action is
gpeéifioe {b) some particular optimum pH and temperature is required
for their action. {c) enzjmes are usually slowly destroyed in the
process of reaction, and optimum conditions are those in which the enzyme
reacts most quickly. (d) enzymes are readily subject to inactivation
or acceleration by concomitant substances. {e) while the‘pr&mgry function
of enzymes relates essentially to energy trensfer -the adcompanying heat
effect is slight.

Although at the present time differences of opinion as to the mode of
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enZyme action,exisﬁ Only in details~as WaldSGhmidt-Leitz states
| the foundations for another 1mportant phase of the above deflnltlons
' _are much less ‘assured, namely in regard to the assumptlon of a definite
 fmater1al nature for these catalyzers. |

Crystalline enzyme preparatlons hafe been preparéd‘(Summeréi urease
(ﬂﬁ Ndrthrop?s pepsin @3)~) ‘Levene and. Halberger 97) “however, have
concluded that “the chlef components of the crystals are exbraneous
“protelns. Waldschmldt-Leltz and Purr W7) have separated "crystalllne"
;‘tryp81n 1nto four by speclal adsorptlon agents.

The preva;llng concept of the materlal nature‘of’enéjmes ié’that of'
‘thefWilstatter'schOOI. This sghoOl c6nsiders that‘énzymeé;are‘cdmp§sed
' “of'g“cdllcidgl bearer and a specific active group which enables them bo
be ﬁouhd to the substfate aﬁdithe;compositioh of whichfaﬁ the same time
'coﬁdlﬁlons the colloldal nature of the entlre complex. 1

' Ev1dence in support of the Wilstatter theory has been galned ‘

‘~, gch1efly from well known and verlfled absorpﬁlon experlments where enzymes

in a ‘high SUa%e of purlty have been obtained through use of absorbents
'isuch as kaolin and alumlna.‘ In support of this theory that enzymes are:
: 001101dal in character Wlth an actlve speclfic group are ﬁhe recent
observatlons of Bredig and Gerstner {13} wherein a dlphenylamlne group
:‘?a&ded to caﬁtonﬁmadeﬁa -cobyst spllttvng carbonlc acid from B—heto-
‘3ca;bonic acid, and those of*Langenbeck {2) on activating groups withln
’ﬁthefaCfiVe eﬁzymé proper. Fischgold's and~Ammon?s‘$2%‘ﬁheory of
 esﬁerase7activitj tﬁrough displacemsnt‘qf HZO:On the enZyme'surfacg;-

'}depends Oﬁ‘the'Wilstatter theory.
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.2+ ENZYMIC KINETICS

' Enzymic reactions while,essentially‘catalytic'de’nof‘necessarily

Bt

e follow the laws of chemical dynamics as formnlated for catalysts of the

‘ usﬁal*sOrt. The compllcated -and, 1mperfectly understood comyos1tlon of
,enzymlc reactlon sysﬁems tovether w1th our 1gnorance of the chemlcal
naﬁure of the effectlve catalyzers and the,lnfluence~of adventltlous,
ylmpurltles upon thelr afflnity cften resul%s in preventing a classiflcatlcnf'Q'f
of even the simpler transformatlons along basic prlnclples. ;Eﬁe S
Valldlty of older knnetlc—react*on research applv1ng the -mass low in one
form or ano%her is in many casges very limlted because of the many k
unknown factors dlsrevarded. Waldschmidt-Leltz { ) has rev1ewed

‘ i examples best supported by experlmental ev1dences :

Metabolic exchange systems in which phosphatases are 1nvolved are

- complex and new factors and relatlonshlps are belng dlscovered from time
to %1me and for this reason the klnetics of phosphaﬁase system have not |

eﬁ‘been worked‘upon to any extent.

The klnetlcs oz glycerophosphate cleavage by kidney phosphatase

has been examlned in detail by Jacobsen @w) The determinlng factors

:>he found to be the liberation of free phosphate and the: concentratlon of
;the substrate. nhe usual curves indlcatlng formatlon of substrate
' enzyme complex through 1nducﬁlon periods were given.

Marﬁland and Robison PZ) studied the course of sodlum glycero—.
'phosphate hydrolys1s by bone phosphatase in the absence and presence of
, inorganic phosphate.‘ They found that even w1thout the addltlon of
“phosphates the velocity constant calculated according to the equation

fcr unimolecular reactlons decreased more rapidly than could be
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>7’accounted for by 1nact1vatlcn of the’enzyme, they advanced the hypothe51s
that a resynthesis between phosphcric acld and glycenﬂ.wae occurrlng.
'~They demonstrated theclnfluence'of phcsphate in the reactlon, but'were
1unab1e to demonstrate the possibility of a resynthe31s worklng'w1th
fglyceral and phosphate in consentration employed in prev1ous hydrolysis.
| Erdtman {29) uelng kddney extract from hogs found the veloclty

kccnstant in absence of actlvatzng agents to decrease rapldly, He
| , attrlbuﬁed the fact at least in part to- enzyme destruction and to 1n-

ceacﬁlvltlno products of hydroly31s’ |

- Belfantl, Contardi and Ercoli (é) found & slmllar rapld decrease
‘in the veloclty constant and believed it to be in agreement w1th th@ o
Schutz Bule, whlch implles ﬁhe reaction veloclty was not only
j proporulonal o the substrate concentratlon bu$ 1nverse1y to the
quantity already transformed. These workers postulate that in add:tlon
"to an enzyme—substrate complex there 1s an. enzyme~phosphate complex
Acapable of hydrolyzlng'aCulon. ’ ’

Theudependence of the activity of most enzymes upon DHE Was first
”brought oub by Sorenson (1909) and Michaells (1909) 1 characterlstic
optumal reactlon region is generally apparent and the actlvity pH ratios
‘~can be expressed in pH actlvity curves. Many factors as has been -
e‘prev1ously p01nted oux dmsﬁurb or,dlstort the measurements In thls regard 8
'econcomltant substances such as buffers, actlvators inhibitors-are
1‘1mportant ag well as, in addlticn, “he stablllty of the enzyme itgelfs
uat a given PHe o » ’ ;
‘ The theoretlcal significance attached to act1viﬁy-—pH curves for

enzymes themselves are to be regarded as,amphoterlc electrolytes,
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: whicheaceofaihg t0 the pH aotion'varyingicapaeities‘on enions, kations
'We undiSSOCieﬁed;ﬁiclecules;~ ﬁx\fifst,~Miehaelis implied thaﬁ the undis-‘
sociated material was tg‘bé~cohéidered as the catalybically active
,Pbrﬁioha | | | |
| ‘,Thesevresults, however,;ha#e,been etrongly quesfioned‘by many
workers including Miehaelis;himself; Kuhn {es) finds $hat the ﬁ.ions
7themselves 1nfluence the decompos1tion veloclty of the enzyme substrate .
COmblnatlons Northrop UW) worklng w1th preteolytlc enzymes found the
dissoclatlon of the substrate 4o be 1nf1uenced by the H’lonsz his data
showéd act1v1ty~pH carves to- be c01nc1dent Wlth dissoclatlon curves of
' the substrates
Michaelis Qﬂ1 also used the behav1our of enzymes in an electrlcal

fleld and thelr absorptlon aff1n1t1es to explaln thelr elecﬁro-chemical
nature. 'In acid medium in an electrical field ne showed the amphoterie .
enzyme partlcles moved to the cathode, in alkaline medium to the" anode, 
‘ 7and in the intermedlate region correspondlng 0 their isocleotlve point
no migration at all. H1s work on electro-chemlcal absorptlon i.e.

on the enrlchment of dissolved materlals on the surface of solld
szdleS, has been fundemental in absorptlon methods of enzyme purlflcatlon
BO exten31vely used by the Wllstattler school.

In principle every reaction is rever31ble (ﬁ%rnet! and according
£o the mass 1aw the concentration of reacting substances determlnes ‘
not only the ve1001ty but also the dlzectlon of the reversible process,

- Theoretlcally thesge enzymes may catalyze reactions not only in the
dlrectlon of hydroly31s but also in the direction of synthe31s.

NumerOus examples of,synthetlc,action by enzymes are known (Bayliss (#)



on enzymic syntheses.)

The recognition of the synthesizing action of enzymes has led to
the guestion as to whether or not enzyme equilibrium is to be regarded
8¢ identical with that effected bj dtherbcatalysts. "Accofding to
‘the laws of thermodynamics it was expected that this would be so, if the
~enzyme were ineapable of binding aﬁvessen?ial portion of the reacting
components. The results obtained with enzymic equilibria have sden/
that this requirement is not fulfilled in all enzymic reactions even
though the point of the enzymic equilibrium cannot be definitely
determined. According to Buler (») the equilibrium position of enzymic
reaction is not determined as an ideal catalysis by the concentration
of the substances concerned bui by the relation of their affinities
to the enzyme itself. Bayliss (#) emphasizes the non-necessity of
assuming special synthesizing enzymes and that enzymes must accelerate
both hydrolytic and synthesizing aspects unless they carry ﬁhe reaction
~to completion under the conditions present. |

Several references in the literature are found on enzymic syntheses
of phosphoric acid esters. Martland and Robison {s3) have explained
abnormal drops in velocity éonstanﬁ during hydrolysés to resymthesis of
glycerol and HzPOp. Nagal (¢5) has found the ability of kidney and liver
of pigeons to esterify HzPOs to be 14-78% greater in a condition of B=-
avitémincsis’and attributes this to acceleration of a phosphatase
Hemini F\) and Tsukitari (%) were unable to demonstrate the presence of a

phosphatase in(EhiZOPus (Mucor) tritici,a fungus grown under a variety

of conditions.

Rumstrom, Iinnesstrand and Borii ( ) obtained esterification of
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' H5204 in haemolyzed blopd in presence of co=zymase. Pett and Vynne (=)

were unable to demonstrate synthesis of the esters by bacteria.
According to Waldschmidt~Leitz {72} the differentiation of a separate
phosphatese is not to be accepted. Rather it seems attention should

be paid to the conditions necessary for synthesis on the part of

phosphatases-~a complex of conditions prqbably, involving the presence
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or absence. of definite activators, inhibitors and accompanying reactions.

Liohmana {#7) found phosphorylation of glycogen in muscle to occur only

in the presence of a complete co-ferment system (adenylpyrophosphate

3.  ACTIVATION AND INHIBITION

In addition to the infiuence of hydrogen and hydroxyl ions,
substta%es, etc., activation of enzymes by specific activators,
inhibition by inhibitors of a specific nature can be demonstrated.
Waldschmidt=Ileitz (#) classes these in four ways.

(1) Activetion by Inorganic Ions: e.ge. Tthe stability of enzyme-
substrate compléx appears, for example, using saccharan, to decrease

in the following sequence in the presence of these ions = NOS-; L

-

Bi~, 80, . The mode of activation is no% clear.

{2) Specific Activation is characterized by the fact that it 1s

incapable of expressing itself except with respect to definite

particuler affinities of an enzyme or else with-a definite stage of the

Mgl .

reaction which it accelerates. One of the beét demonstrated examples is

the activation of pancreatic trypsin by enterokinase from the

intestinal mucous. Waldschmidt-Leitz (#) believes there is formed in
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this case aicompound of enzyme and activation. Co~zymase, dialyzable,
and thermotable is an activator of this class (Harden and Young (%) .)'
Myfbach {63} and Myrbach snd Buler (/2 believe co-zymase to be a nucleo%ide
closely related to adenylic acid and capable of being hydroiyzed by
phosphatases. Anti-enzymes, about which there is little lmown, might
be recognized as attributible to specific activalorse.
{3}  Non=specific sctivation and Inhibition: It has been shown by
Wilstatﬁlér, Waldschmidt and Memmen () that activation phenomenéﬁ in
solutions of lipase are based merely on specially favorable conditions
for the conbact of water soluble enzyme with its insoluble substrate.
The activating effect of gall salts,etc. is due to the production of
colloid particles which exert and absorbent action with respect to
enzyme and substrate thereby facilitating the reaction.
{4) Toxic Influence of Heavy Metal Salts is common to zll enzymes %o -
& greater or lesser degree. Huler and co-workers (f9) have demonstrated
_the "poisoning" of saccharase t0 be accompanied by a corresponding
decrease in heavy metel ions and further that activity éould be
renewed by addition of HpS to precipitate the metals. The effect is
apparently upon dissociation of enzyme-substrate complex. 7 |
(5) Inhibition and Activation of Enzymes by Definite Salts on Organic
Addition Substances: Many reports on this class of enzyme activation
~and inhibition occur in the literatures Only a few of these, pertinent
4o phosphatases will be mentioned.
{a} lUagnesium Activation of Phosphatases: Erdtman {4, using

kidney extraéts, first reported magnesium activation of phosphatasg;

later work found it %o be an activator of phosphatases generally.
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| Lohmann (s2) found that.hexosediphosphaﬁe loses no phosphéte when added
.to Qialyzed muscle extracts; when magnesiwm ions are present one
molecule is lost, thereby becoming Embden ester, and equilebrium

mixture of éldo~hezose with 2 small amount of keto-hexose. Embden

ester is then dephosphorylated in the presence of adenylpyrophosphate.
Forther the enzymic change of morganic pyrophosphate to orthophosphate is,
according to Lohmann, carried out only in the presence of magnesium.

(b)vActiVation of Phosphatases by Arsenate: Pett and Wynne (=)

~investigatiné the oft reported influence of arsenate and arsenite on

the enzymatic breakdown of phosphoric esters could find no activity

increase for phosphatase in general, but did find activation by arsenate
in special cases. Wherever arsenate activation occurred argenate less |
rapidly gave a similar result. Harden and Young (34 showed arsenate and
arsenite ions accelerated the liberation of inorganic phosphorus from
hexosediﬁhosphate by ye;astso Meyerof {r4) working with heart and

‘muscle extracts, Macfarlane (2} and Harden bs] with yeast believed the
effect o bé exercisedvon the glycolytic and ﬁot the phosphatase system.
Braunstein snd Lewitow (%) observed progressive diminution of inorganic
arsenste in a mixture of yeast, sugar, arsenate, toluene‘and ag. dist.

and suggested the formation of 1abile hexosearsenates.
{c¢) Activation and Inhibition by Potassium Cysnide: Warburg (7}

concluded hydrogen cyanide in the presence of phosphate sk@wed down
aleoholic fermentation by yeasté and suggested it affected chiefly the
mechanism for liberation of phosphate from hexosédiphosphate. Miss

Patterson {7/} has in some detail investigated the effects of KCN and HCN

ations generally but has not as yet determined the

opn alcoholic ferment
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“syetems upon’which they might acts.
! (d) Influence‘of‘OXalatesf Several workerspmeniioh the
‘ effects‘of°oxalates*on phésphatase systems, noting chiefly the inhibitieg,
‘1acti0p. BElfanti, Ercoli and Contardi {¢) found that when extracts of
' liver, kidney or hone phosphatase are allowed to act on glycerophosphate
,e'ln alkallne medlum w1th oxelate, “the hydroly51s at first proceeds slowly "
p,then llttle by 1little accelerates and flnally proceeds as if the |
oxalate were no 10nger present untll the hydrolys1s of the substrate is
complete. In the presence of phosphaﬁe, added artlficially, odlum ‘
xalaﬁe does not manlfest andy inhibltory actlon.; Iﬁ/was suggested that‘

: the explanetlon of these phenomena was ‘that the inorganlc phosphate set

' ~free from glycerophosphate gradually dlsplaces the oxalate 1ons from ‘the

"_1nactive enzyme~soxalate complex glving rise to an ectlve enzyme-~

phosphate complex capable llke the free enzyme . of unltlng'with substrate .
eané hydroly21ng;1t., Bodansky (7) and ’others mentlon the 1nh1b1ﬁory

: effects of oxalates on phosphatase.

'~ (e) Fluorlde., Fluorlde has been knewn as an acﬁlvator of lipase .
'_and several obther enzymes for some time and recently phosphatase has ,
sbeen added to this list. Loevenhardt and Pierce (5), Smlth and Lanﬁz (1,
~1Anhagen and Grzyckl (€} found kldney phosphatase to be unaffected by ‘
sodium fluorlde, found yeast phosphatase to be highly sen51tive, and

tahaphosphatase from Asperglllus oryzeae less so.'

( ) Sulfhydryl groups: Phosphatases zenerally are inhibited

by sulfhydryl groups at thelr pH optimum. - Schaffner and Bauer (”)';
Cysteine 1nh1b1ts yeast phosphatase most at pH 6.1 and at pH 84 8 w1th

kldney phosphatase. Dlslysis rendere the enzyme more suscepﬁlble.



‘Reactivation with iodoa¢etic-ocodrred,with kidney phosphatase.  Mowatt
and=Sﬁewarf (,) find on the other hand that iodoacetic acid prevents

) gluolysis, and destroys glutathione=-the activator of glyoxalaSe.

+&o Methods of Determining~OfthophOSPhaté Acid.

Jack'(‘) has at -some length discussed the varlous methods used
in the determinatlon of micro quantltles of orthophosphorlc acid and
| thelr mention will sufflce here. Bell and Dolsy (7}, Brlggs ()
, “Fiske_ and suba:row (1), Martland and Robison (w) end King () have
' proppséd colbrimetric methods. Kirk (%) ‘proposes a very cOnVenient”
 ~gas§metricfﬁetth. A-miciOﬁgravimeﬁric method has been suggested by
© Plimmer U?ja Titrémétrié methods have beén;puf forward by Neumaﬁﬁ Vf)/%ﬂ
 ‘and MbnaSteiic (¢9) . Davies and Davies (3), Hinsberg (37) and,PefffPSY‘
~ have examined the nature of 1nterference by extraneous substances to
‘reactlon in the colorlmetrlc methods and have suggested modlflcatlons.
Valuable,ser?1ce would be rendered in a'cr;tlcal comparison ofvthese
f‘varlous micro-methods. Hinsberg (#7) has doné éomething ﬁowards~thisvend;
Emmert PW) and thynskl 07) has put fcrward colorlmetrlc methods
‘Sultable for use with vegetable $issne. | B
fTofal‘phOSphorus and organlc P, bJ first combustlng materlals
mgy‘ﬁé deﬁermined by thekabove‘colorlmetrlc methods. Flek and Hill
,'@})5 FulChér (~), Garel1i,(~) havé(proposed estimation of Organic P
by firset combustlnw materials in a mlcro-bomb. | , | ’
Lohmann ( Yy Boylandw(") and Hinsberg (37) give microfmethods for

,determinéthn'of'pyrophosphOricxacids;
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Menjdahl (5%} for metaphosphoric acid and fdr phbsphoror%s and hypo-
phosphorotes acids.

Microdeﬁerminations; gravimetric and colorimetric, are given
through the literature on phosphatases, Harden (s, Pryde §3), Raymond
~and Levene (7} 3 for determination of hexosemonophosphoric acid see
Cori and Cori ().

Determingbion of small guantities of phosphatides may be made by
" methods of Bloor and\ﬁﬁider (?3}, Backlin (-}, Jewett {2}, Norberg and
Leavill (7#), Jordan and Chibnall (wa,’Leveme and associates ().

Hexoses may be determined by the Hagedvorn and Jensen 79 methoa
or by Hanes () modification of it. Several colorimetric methods for lactic

acid determinations are available.

.5, THE ROLE OF PHOSPHATASES IN METABOLISM

The role of phosphatases in metabolism is a multiple one as might
L‘be gathered from its wide occurrence in organisms. The chief currend
investigations on the part they play in metabolic exchanges may be
resolved as they concern (&} yeast fermentation (b } the chemiétry of
ﬁuscle {c} the chemistry of ossification (d) the work of the kidney.
| (a) Their significance in yeast fermentations

Harden and co=workers in a series of researches have been able to
shbw thet the addition of soluble phosphate to a yeast juice, hexose
fermentation produces an equivalent amount of carbon dioxide and alcohol
quantitatively expressed in the equation, thus:’

I. 2 CgHys0g + 2 RpHPO,— 2 (0g + 2 CpHpOH -+ 2 HgO + CgHig0s (POsRal 2.
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It has been shown that the phosphate is indidpensable to the process
and that at least three stages ocour in the process.
(1) A period coincident with the incréésed fermentaﬁiog during which
free phosphate rapidly diminishes. (2)HA period of uniform activity
where only small amounts of free phosphate occur. {3) A period of
lessened activityband repid increase of free phosphate. 4n enzymic
hydrolysis similar to the last stage is effected after removal of the
co-enzyme of zymase indicating the presence of a phosphatase, the action
of which might be represented as:
II. CgHyn04 (P0432)2 + 2 HgO~—5 CgHy 00, + 2 RoHFO,
Harden { )} gives the following simple explanation of the sequence of
events during fer@entation: "The rapid diminution in the amounts of free
phosphorus during stage (1) corfesponds with the ocourrence of reaction I.
During the whole period of fermintation the enzymic hydrolysis of the
hexose proceeds according to equation II. Up to the end of stage {2)
the phosphate thus produced enters into the equation apcording t0o
equation II, with the sugar which is present in excess, and is thus
reconverted into hexose phosphate, so that, as long as alcoholic
fermentation is proceeding freely no accumulation of free phosphate can
occurs” As soon as alccholic fermentation ceasésﬁghowever, phosphate
accumulates, there being no hexose present with which it might react.

Harden has shown recently three types of fermentation in yeasts.
{a) the ielatively slow fermentation, without addition of FO. {b)
the more rapid process by adding PO4. (e} rapid fermentation by addition
of Arsenate by either stimulating phosphatase activity or by the

Formation of more labile hexosearsenates.
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The rate of hexose monophosphoric ané pyrophosphoric acids in

&easts heas largely to be worked outs
(b) Muscle Contration:

That phosphates play a part in muscle contraction is evidenced by the
facts: (1) that free phosphate and lactic acid are liverated in
equimolecular amounts. (2) that by addipg phosphate all glycogen 1s
converted to lactic acids (3) that during musculaf work ther is an
inerease in the secretion of phosphate into the urine. {4) that

'performance of muscular work is augmented by addition Qf phosphate,

Tn a long series of researched Embden, Meyerhof and their asgsociates.
have established an intimate connection between the conversion of
carbohydrates into lactic acid in the contracting muscle and the presence
of phosphates in the latter. Experiments Wére made indicating that a
hexosemonophosphate (the lactocidogen) is found as an intermediate
compovnd in the breakdown of glycogen to)lactic acid. The changes
may be represented in two phases (a) the anaerobic and (b} aerobic.

anaerobic

{contactile}

5 OgHig0p + 5 Hg0 + 4 KpHPO, —> 4 Cglyy0p(POgKp) 1 CgH120g + HpO
glycogen» , hexosemonophosphate. glucose.

lactic acid. glucose.

. aerobic

(recovery)

8 05H605 + & glucose +K2HP04 + 602 ] 06H1105(PO4K2) T 6002 + 10 H20

The glucose freed during the contractile period is oxjidized during

the recovery period; then 1/5 of the glycogen 1is burned.
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That there are mnzymes in muscle capable of bringing about the
changes outlined above has been demonstrated by Lohmann { ), Meyerhof (b),
etc. They have shown it’ppssible to separate completely the lactic acid
producing enzyme free from muscle éarbohydrate. A dialyzable thermostable
co=egnzyme has been discovered. ‘Thefpreparations gplit hexose under
special conditions and readily act on starch and glycogen. In the com=
; plei is an enzyme splitting hexose monowand di-phosphoric acids.

Embden and Zimmermann (27}, Lohmann {f¢) have found in addition %o
lactocidogen in muscle other phosphorus containing compounds, adenylic
acid, and pyrophosphoric acid oceur. Tggleton and Eggleton (<} reported
the presence of phosphagens. Lohmann (s} has shown a definite pyrdé
phosphaﬁase may act on adenylpyrophosphoric acid and pyrophosphoric acid,
$o convert them to ‘the orthophosphoric form. Meyerhof and Lohmann {4
investigating phosphagens {unstable compounds of’inoyanic phosphate and
creative or orginine) have found muscle immersed in sodium salts of
monacetic acid and fatiqued, contract without ubilization of glycogen
or formakion of lactic acid; ammonia was produced, phosphagen decregsed,
phosphoric acid increased, creature phosphate —>creature + HzPOpcreature
7 NHg -+ X
HzPOy + hexose-—s hexosephosphate —7 EzPQy + lactic acid.
lactic acid—> COz + HaO.

Bggleton and Eggleton (ibid) demonstrated aerobic resynthesis of

phosphogens. lﬁgchmanschen (¢ anaerobic resynthesis afier relaxations

(o) Chemistry of Ossificationt
g e

Marrowless, dry bone consists of some 60~70% of Ca.lf. phosphates
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anid carbonates deposiﬁed in a protei; matrip. Of these meyemic consti-
tuents calcium phosphate is most imporitant and investigations have
chiefly revolved around the problem of its deposition. Several theories
have been advanced and considerablekexperimental work done on the
~problem. The chief of theories involve the presence of born phosphatases.
{Tell and Robison {75) .)

{(d) significance of Phosbhatases in the Kidney:

Eichholtz, Robison and Bruell {#) have attached special significance
to phosphatases of the kidney in regard to the excretion of phosphate in
the urine and some of the most recent work on phosphatases is on kidney
phosphatase.

 Davies [¥) has investigated phosphatases of the spleen.

ﬁégai (¢x) and other Japanese workers are studying the importance

of Phosphoric acid esbters and their hydrolyzing and synthesizing

enzymes in diet==in B-avitaminasis particularly.

«6s PROBLEMS

From the study of work being done on mammal and yeast phosphatases
and from our own brief investigation we are confronted with numerous

questions concerning the gﬁ}e of these enzymes and thelr substrates in

the higher plants.

The rbdle of these enzymes in yeast fermentation and in musculer
work has been closely linked with carbohydrate metabolism particularly

with the utilization of carbohydrates in the production of free energy.
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Might there not be a close relationsﬁ£§ in the higher plants? With the
process of carbon assimilation it has been suggested that phﬁsphorus
is no% necesséry. { ). In the transformation and
synthesis of suggrs apart from the photosynthetic process e.g. as
occurs in malting barley, in sugar beet storage, etc., phosphatases
might play a part. Indirect evidence in support of this suggestion is
the universal occurrence of tracés of phosphate in starch of plantorigine

Willfé, §éland and Gray (%) working with soyabean have determined
an intimate connection between Calcium, magnesium and phosphate, both -
in absorption and processes within the plant. |

Demonstration of natural substrates in the higher plants, on which
phosphatases might act is limited, Burkard and Neuberg {76} have shown
hexosediphosphate to be present in sugar beet leaves, and Gockéfgir {ze)
in other plahﬁs; Menjdehl and Weissflag (*) have indicated the presence
of meta= and pyro-hosphates. Phosphagens have not been reporited for
plantse. |

Phosphorus metabolism in general, and phosphorus absorption more
particﬁlarly in the higher plant is notably influenced by changes in
radiant energy. (Barton-Wright (77).) Might not phdsphatases and their
substrates, directly or indireotly,'be involved in this relationship}
Some enzymes are light sensitive. Are plant phosphatases simiiarly
constituﬁed?

The stédy of phosphatases might have a directly practical value in
the malting of barley. Quality in melting barley is determined to a
great extent by the ability of the seed to hydrolyze its starch reserves
to yield sugars. Could an intimate relationship be established between

quality and phosphatase activity a ready test for malting quality might
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be devised.
This brief speculation may at least indicate the variety and

number of problems relating to plant phosphatases.
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