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snIDIES OF THE INFLUENCE OF COLCHICINE AND
J..INDOLEACETIC ACID UPON SOME ENZYMATIC

REACTIONS
PA.UL F. SIITJI,· Nol'llWl

The present investigations were undertaken with the objective of maklq
a preliminary determination ot the inOuence ot colchicine and a-Indoleacetic
acid upon the enzymatic activities of diastase and invertase. In thta way It
was hoped to ascertain whether the growth-etimulatlng property ot thel8
IUbstances Is. at least In part. directly associated with an enzymatic actl
ntlon.

The diastase was prepared from commercial malt-diastase according to
the method of Meyer and Anderson (1937). The invertase was obtained
trom two sources. The first consisted of an aqueous extract of macerated
yeast cells. which were procured in ordinary dry-yeast form. and the
second was a commercial extract.··

The. activities of the enzymes were measured by titration with quantita
tive Benedict's solution···. The quantities of the hydrolysis products of
starch (1. e.• maltose and glucose) were a88umed to be an indication of the
diastase activity. Both these sugars are reducing sugars, thus making poulble
the Benedict's test. Likewise, the quantities of fructose and glucose obtained
by the timed action of invertase on sucrose should Indicate the rate of that
reaction.

The test substances were introduced in concentrations varying from
1: 1,000 to 1: 100,000 with colchicine and from 1: 3,125 to 1: 100,000 with a·
indoleacetic acid. In each case doubly distilled water was used. The teat
substances and substrates (C. P. soluble starch and C. P. sucrose) were
mixed in a common solution to which the enzymatic extract was added.
To a series composed of the different concentrations of the test-substancee,
and the control, were added. simultaneously. equal amounts of the enzymatic
extract. The time of reaction for each series is given in the tables. as well
as the concentration of the substrate and the temperature of the reaction
media. Each solution was 40 cc in volume and was contained in a small
beaker. The beakers were surrounded with a common water-bath in an
attempt to keep the temperature of the series constant. The reactions were
stopped by placing the beakers Into moderately warm water and elevating
the temperature of the reacting solutions to 90· C. for a period of two
minutes.

Previous to conducting the quantitative experiments, it was necetsary
to test the concentration of the enzyme In order to regulate the rate of
reaction. It was desired to stop the experiments at such a time that ap
proximately 26 cc of the control 801utlon would contain a efficient amount
of reducing sugar(s) to reduce 26 cc of Benedict', 801ution. On the balta
or these preliminary tests, the enzyme extracts were diluted 80 that the
reaction would approximate the desired point In 16 mlnutee.

Since the determinatiolUl were made In triplicate. each ratio number
in the tabl.. repreeents the average of three. Thu, actually. 16 1eIi•• of
tests were conducted with ltarch and dla8tue and 24 teets with nCfoee and
lnTertaae.
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1M PROCEEDINGS OF THE OKLAHOMA.

TABLE I

DfMt<U6 Tu'.t

,,_ Temperature ancI nact10D time-
I.·C n·c 17·C ZS·C n·c A.erate

RIINaot 1. mba. 11 mID. U JD1D. 14 mID. 15 JD1D.

CoDtrol V" 100.0 100.0 100.0 100.0 100.0 100.0
pH 6.3 6•• 6•• 6.• 6.3

"Indole-
acetic acid
1:10,000 V 99.2 100.• 103.9 100.0 103.9 101.6±0.6!

pH &.7 6.6 6.6 6.6 6.6
1:26,000 V 100.6 99.8 110.8 105.8 108.4 105.1±1

pH 6.3 6.2 6.2 6.2 6.2
1:12,100 V 104.6 103.3 111•• 108.4 112.9 108.1±1

pH •.9 ••8 •.8 •.9 4.9
1:8,260 V 110.9 108.3 118.8 117.3 116.9 114.4±1

pH 4.6 4•• 4.• ..4 4.•
1:3,125 V 119.8 120.1 123.1 123.2 120.4 121.3±0.•

pH 4.3 •.2 ••2 4.2 4.2
COlchicine

1:100,000 V 94.0 96.• 76.1 74.2 76.6 84.0±2.6
pH 8.• 6.• 6.4 6.5 6.4

1:10,000 V 89.9 91.6 73.8 69.3 69.9 78.9±2.5
pH 6.6 6.6 6.6 6.5 6.6

1:1,000 V 77.2 78.7 67.6 62.3 65.6 70.3±1.7
pH 6.7 6.7 6.7 6.7 6.7

t SUbitnte, I percent lltareb IOluUon.
• '!'be nrtlcal columna represent aeries whlcb were run concurrently. wlth equ.l amountl

of tIlS7DIe; thUI compariloDs should be made within these columns.
•• V, the .,olume of control aolutlon that reduced 25 ec of Benedict's solution. Is con

lid_red to be 100 In ea('b aeries and the yolumes of the other solutlollII are expreslled &c
oordtDl11. n Is tmllOrtant to note that each .,olume In the table Is an nera,e of triplicate
&uta. maktq a total or 15 teats conlldered In evaluatln, the standard error. All ulues of
V atptncantlr leu than 100 Indicate that the rate wu mater than the rate In the control:
la.wIN, an tbolIe abo"e 100 Indicate & decrease In reaction nte.

The results of the diastase tests (Table I) show that 3-lndoleacetic acid
acceleratel the actton of this mixture of enzymes upon starch. AI: 60,000
concentration has little noticeable effect. However, &8 the concentration of
t.lndoleacetlc acid Is increased. there Is a decided tendency toward inhibition
of the reaction. Presumably this is a response caused by the pH change
and not by the accumulation of Indoleacetate radlcles. This is consistent
with the Information given by Waldschmidt-Leitz and Walton (1929) that
the optimum pH range for maltase action Is from 6.1 to 6.8 and that for
malt amylue action Is from 4.6 to 5.2 (presumably these determinations were
made at room temperature). The pHs of the 8olution at concentrations of
1: 8,160 and 1:3,126 were 4.. and 4.2, respectively, (except In the runs at
18-, In which they were 4.6 and 4.3), and, since these are below the optima.
the inhibition can logically be attributed to the unfavorable pH.

The reeulta Indicate that colchicine Is a favorable constituent of the
reaction-medium, causing a definite Increase In the rate of reaction. The
,.cUon.·rate Increases with the Increase In the concentration of the col
chicine. The maximum dlaata8e activity In these te8t8 occurred in the
1:1,000 colchicine serlee at pH 6.7. Although this pH Is within the optimum
I'UlI8 for the action of maltase. It 18 farther from the optimum (4.6 to 6.2)
for the acUTlt7 of amylase than the control solution. were. Thus. apparentlY.
more Ie InTOlftd thaD the reeponee to a pH~hanp. In 'tiew of the tact
that the rate la eorreepondlnBl1 greater In each cue 01 Increase of colchlcme
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101 PROODDING8 OJ' TBII OKLAHOMA

it ta IRIIP8te4 that the acceleration may be due to colloidal action of the
drq. Thla necealtatel the ..umptlon that the large, alkaloidal moleeul.
of co1chIclDe aftect the proceu ot adIIorptlon. AI8o. It may be auumed that
the adIorptJon of the aubltrate onto the IUrtaee of the colloidal moleculee
would IDereue the reacUon-nrtace of the .,..tem and thereby bring about
the .lmulatton. However, the stimulation may be due to the adsorption
of water by the colehlelne, with eoneequent coneentraUon of the reaetfna."taDce&. The "acIIorbabllIty" of the 8tareh partlel. may be tnflueneed.
TIle effec:t, however, .. not produeed by the colehtelne alone. for In tboee
... where the euyme wu tnaetlnted by heat no reduetlon ot Benedlet'.
lO1utlon wu obtalDed.

It I. of lDterut to note that the raults were verifted by the Iodine
te8t method, with the colehlcine teri. loelng the dark blue-black eolor
more quietly, the 8-lndoleacetie acid lerlee I., quickly, than the control.

With the lDvertue experiments the reau1ta (Table II) were reversed,
IDdlcattng that the effecta mult be 'omewhat different than In the case
ot dlutue. Here con.lderable acceleration of the enzymatic hydrolysl8 W88
achieved lD the a-Indoleacetic acid leriee and a slight inhibition In the
colchicine eerie.. Since the optimum pH for Invertase activity 18 generally
conceded to be near 4.6, It eeem8 quite probable that the acceleration by
8-lndoleacetic acid II prlmarUy a r8lponee to the adjustment of the pH.
which approach.. the optimum point. Thll I••ubstantlated by the evidence
that the Itroqeat concentration of thl8 ,ubstance (1: 3.126) was le88 efficient
u a ,tlmulua than any ot the .maller concentration. and at the same time
had a pH which wa. below the optimum point. The pH of the solutlonl
at thl, .troq8.t concentration varied from 3.9 to 4.3. The pOBIIlbUlty emts
that there II lOme catalytic action on the part of 3-Indoleacetfc acid, since
1:100,000 appeara to be almost al stimulative as any other concentration.

The Inhlbitlq effect of colchicine 18 small and seems to be e88entlally
one of Ie. favorable pH than In the control.

The author wishee to expre. his gratitude to the Graduate Council
of the Unlveratty of Oklahoma for a Research Fellowship which made
poalble th1I inveetlptfon.

SUMMARY
1. In theee uperiments, colchtcine was found to cause an acceleration

of the bdrolyals of starch by malt diastase. The method of stimulation
Is unDOWD.

J. Colchicine, In dUute solutions, appeared to have little effect upon
th. rate ot Inversion of sucrOl8 by Invertase. The Inhibitory effect of strong
concentrations teems to be due to the chaqe of pH.

a. In theee experiments, 8-indoleacetlc acid was an unfavorable conatttu
8Ilt of the reaction media tor starch hydrolyate by malt dfaataae. Presumably
th1II CaD be attributed to the accompanying chaqe of pH.

4. I-Indol-.cetlc acid was a favorable con.ltltuent In eTery concentration
U88d lD the IDT8J'llon of IUCI'OII8. However, concentratlon8 above and below
1:12,500 were I.. Itlmulatl.... than that concentration. Thta lndlcatee that
the atlmulatlon .. prtmarUy due to the pH-ehanp, although the 8D1&U dif
ference between the 1:11,600 and the 1:100,000 aeries may indicate that,
til ewute lOlutiona at l..t, the atlmulatton Is more thaD a pB·reepoue.
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