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THE INFLUTNCE OF CERTAIN cHEmICALs UPON
B AMYLA%E ACTIVITY.

EX ¥ 2R W-X% 3K
Introduction

’ : In a’prelimlnary report of an 1nvest1gatlon carried out
in this laboratory, Clark, Fowler and Plack (1) have shown that
pot3551um thlocyanate, ethylene~chlorohydr1n and thiourea exertk
‘a definitely stimulating effect upon the activity of malt diase
tasea FrOmkthe data obtained it was suggested that the abil—
ity - of these compounds to induce & renewal of growth in dormant
plant;géggvdue probably to their actlon upon the enzymes concer=
cned in the utilization of the food required for the initial
’grOWth énd'germinatiOn,‘and more particularly, the plant amyl-
ases;‘ | U

“In this report ahd in a more recent paper by Denny (4),
lit is stated however, that no increase in amylase act1v1ty was
,observed When such chemicals were added dlrectly to the freehly
~expressedfp0tato juice. TFrom this, Denny concludes that the
'effect of the thiocyanate;ana'chlorohydrin upon dormant plants
is 1nd1rect in nature ‘rather than a direct stimulation of the
potato amylase.'
| k In support of thls conclusion, Denny further shows (5)
that ethylene chlorohydrin whlle having no appreclable effect

when added to the expressed Julce dlrectly, dld produce a def-

1n1te increase in amylase act1v1uy when the juice was expressed
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‘fromftﬁbers treated with the chemical, séveral davs previouely.
kafassium'thiccyanate exhibited a‘Corresponding effect only in
the case,ofiless:dormant potatoes. ,He:suggests that the power
ofksuch compounds~to break dormanCy méy lie in their ability to
stimulate the plant cells into the formation of a greater ani-
‘ount of enzyme, rather than the stimulation of that already pre-

‘sent.s

In addlulon to the work cited above, 8 conslderable number

h e . AT - i 3 .'-‘.
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of 1nvost1gat10ns have been carrled out 1n other phases of amyla

g ase,act1v1ty. As early as 1875, Hasse (6) reported that there

was an 1mportant and speciflc denendance in the activity of fera

ments,~upon the presence of salts, while Preti (7) reported that -

gmylaeeskfrom different‘sources were rendered practically inert
'by~dia1yeis,.but restoredkto activity‘by thezaddition of heut-~
ralyelectrolytes. | | o

. A,largefproportidn of the eXperiments heve beenVOOnfined
1o fhe effect“of'aminovacids and other protein products upon
diastatic activity. Rockwood (8) has studied the effect of a
:1arge~nﬁmber of nitrogen compounds on salivary digstase and'
noted that’the ‘amino acids were acceleratlng in character
lwhlle amldes were not. _ Effront (9)~also ebtained similar res-
ults and;ascrlbed this'property to their amphoteric character
im neutralizing'somefinhibitory product of hydrolyeis; Diasgtase,
fgeheraliy'believed to~be'protein in nature, rapidly deteriorat-
esin an aqueous solutions Thls loss 1n actlvity is considered
by Sherman and Walker (10) to be due to the hydrolysiq of the

enzyme. They suggest that the favorableflnfluence exerted”by~
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émino‘acids is due,to,the proteotionfof‘thé enzyme from hydrole
yeis. Sherman and Naylor (11) revort that benzode acid, hipp-
uric acid, aniline sulfate and benzamide had little effect upon |
ﬁhe aotivify of salivary and pancreatic amylase. Thus,kneither
the_presence of the carboxylkand amino groUps, alone, or togeth-
er ihvthe same molecule; was sufficient to accelerate thé enéyme,
- but only compounds of the kamino typé were effectives That
there was some truth in Rockwoo&s theory.,waS~demonétrated by
’Shermaﬁ and. Caldwell (12) In their experlments they had found
that amlno acids exerted a protectlve influence sgainst the 1nh«~
1b1t10m of pancreatic amylase by mercuric chloride. Ho explan-
o’f this was offered, but if, as Buler suggests (13)‘such toxice

ity is caused by the combination of the mercurie ion Wlth the

 enzyme moleoule; the amino acids may prevent this by combining.

With the metalliec ion.

;‘Up'to the present time however, iittle éxperimentol work
,hasfbéen corried out in determining the,effect of specific chem-
icai groups or ions upon amylase activity. Moreover, a review
of the available llterature has ylelded comparatively little lnf«
ormatlon concerning the effect of the concentration of the chen-
‘ical 'activators', upon_the enzyme activity. It was considered
therefore, that suﬁh an investigatioﬁ including a large variety
of compounds over a wide range of concentrations, might prove of
vslue in throw1ng further llght on the mechanism of enzyme reacte
ions and the relation of amylase activity to dormancy. = In add-
ition, because of the divergence in reéuits presented in’(1) and

~ in a recent paper by Denny (14), it was considered necessary to
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repeat the'experiments‘with;potassium thiOcyanate and ethylene
éhlorohydrin and extending them to a wider range of concentrate-
'ions;~‘ | |

As a further test of any relation existing between the ab-
~111ty of a compound to break the rest period of dormant plants
’and its effect upon diastatic actlv;ty, those compounds found
to be'mOSt acceleratihg in character wére employed in an exper-
iment to determine their power in breaking the dormancy of pot-

ato tubers.

The usual methods of measuring diastatic activity fall into

two general classes: those‘determining'the rate of disappearance
of the substrafe,'and those deﬁermining the quahtity of reactidn
;prcducts formed. Of the first type, that most commonly used is
the“thlgemuth method (15) based upon the aiteration in the col-
or reaction with iodine, occurring during starch hvdr01y51s.
Feacurementﬂ of this type are an index of the 1iauefy1ng or amyle
'oclastic power of the enzyme. Of the second type,~the usual coB-
iper’redgétion prbcedure_is frequently employed in determining

the rate of formation of reducihg substances. This is ah index

of the saccharogenic power of the enzyme.

 Whether the results obtained'by the two methods are comparn_,

'Vable'is still a mafter of some controversy.  Host investigators
claim that diastatic hydrolysis of starch is effected by at lea-
Sﬁktwo distinét enzymekfractions of diastase. As yet however,
all attémpts to‘séparafe the two fractions have been uhsuccess-
fﬁl. Ohlsson (16) announced that by a brief heating of amylase

solutions, it is possible to destroy entire1y the saccharifying
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componentZOf the system while yet rétaining the 1iquefyihg sct-
'ionaf: It is possible that in the case of amylase, instead of

two distinet enzymes, the single enzyme'moiecule may contain two
'speeifio reactive groups, one ooncerned;in‘the degradation of

- starch to dextrins and the other hydrolysing the dextrins to red-
,ﬁcing bodies. | ‘

Of ~the two methods of measurement, the detefmination of
the amyloolastic power may be the more basic, since before the
formation of reﬂuclng sugars can occur, 1t seems evident that
'part of the starch at least must first be hydrolysed to the inte-

- ermediate dextrlns» ‘In addition to this, the WOhlgemuth nethod
is much more rapldly exeouued. Since one of the obJeots of this
investigation was the’testlng of = largeAnUmberVOf oompounds,

many of which might render the more complek oopper~reduction

inacouréte oi even impossible, it was decided,to'employ the form-
ver procedure, modified in some details, as a meaéure of amylase
aoéivity. - However, for purposes of comparlson w1th Dennyts
results¢(14$ those compounds found most acceleratlug were fure

- ther tested us1ng the standard copper reduotlon procedure.

‘ Part I

The Influence of the Concentratlon of Certain
Chenmical Compounds upon the Amyloclastic Acte
ivity of halt Diastase.

Experimental Procedure:

As a source of the enzyme, malt dlastase, U S.P. iX, prep-
ared by Bimer and Amend was used. For each day's experiments,
1.0 gram of the enzyme material was extracted for 30 minutes at

'*oom temnerature with 500 ccs. distilled water, after which all
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 5511d re51due was filtered out as ¢ap1dly as possible, tnrough

‘ a,feldedafllter,

‘As‘éuberate, soluble starch (Baker's, C.P.) was employed
‘one 1ot being used exclu81gely throughout the entlre investigat-
‘ion,, As in the case of the enzyme extract, a fresh solution
‘was,prepared each day by mixing 15.0 grams of the starch With
'100'c¢s distilled Waﬁer and heating in a Water bath till soluto’
ion Was,completef This was finally diluted to a volume of 200
CCS o | | ’

- The reacﬁion mixtufe consisted of: 7.5 ccs; of NMeclIlvaine's
citric acid - phosphate buffer (17), 1.5 ccs. enzyme extract,

- 6.66 ccs. sQ1ub1e starch sclution,ahd varying proportions df a
solution of the chemical under examination. The whole was then
made ﬁp'to a volume of 25.0 ccs. This mixture after being plac-
ed in test-tubes and corked was 1ncubated in an electric oven
at,a,temperature of 30 Cse, for the course of the experiment.

K Starting approximately two hours after the beginning of
the experlmenu, the rate of disappearance of starch wasg observed
by WithdraW1ng a few drops of the reaction mlxture from time to
time and testing with N/200 Iodine on a porcelain spot platee
‘The length of time required for the hydréiysis to reach the ache
  romic point, or the point at Which no color other than that of
the iodine was apparent, was noted in each case. Suffieient
iodine was added to produce a well-defined color reamction, althe
- ough care was taken in its addition, for an excess‘obscured the -
 ehd point .

As Denny (14) and Killer (18) have pointed out, certain
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qompounds, particularly potassium thiocyanate and thiourea react
Qith‘the iodineyand are likely to render the starch-iodine test
’ina¢¢uréte. In the casé of the thidcyanate if was found that
by adding/é few'drops of dilute hydrochloric acid to the mixture
béforeJthe iodine; little difficulty waS‘ekperienced.‘ Thiourea
however, absorbed iodine under acid and alkaline‘condifions. It
was found necessary to use a larger volume of the reactlon mlxte
ure and to add sufficient N/SO iodine solution to combine comp=
letelj w1th‘the thlourea before the starch reaction could be ob-
served. Tven under thesé~circumstances,~it was difficult to
obtain aocurate readings. |

' The quantity of enZyme émployed was sufficient to carry
the:hydrolysis to the achromic point in approximately four hours.
It;WaS*Considered more satisfactory to‘éompleie each run‘in a
siﬁgle[day, in order tokavoid the use of preservati#és such as
toluene.nWhich’ apart from its inhibitory effect (19) might react
with certaln of the chemicals in use. . Preliminary experiments
also indlcated that cons»ant shaking,vpartlcularly when toluene
was added, decreaSed the rate of hydrolysis appreciably, {&%point

noted by Schultz'andeandis (20} in their experiments with veg-

. etable amylases.

Chemically pure compounds were used‘ihrémghout&andkakmt
glapsware after cleaning wath chromic acid, thoroughiy rinsed
with distilled water before use. All pH measurements were
made with the qulmhydrone electrode in all but a few instances"
when the colorimetrie method was used. Compounds having too

great an effect upon the reaction of the medium, even in the
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,presenée ofrthe buffer, were omitted from further tests.

?reliminary eX?ériments indicated that for this Sample of
malt diastase at least, the optimum reaction range lay between
ka 6.0 and pH 6.5, although the optimumlrangekusually given is
 pH 4.0 - 4.5 (21). It is quwite probablg however, that the opt-
'imum reaéiion'vafies With the type éf buffer employed, as well
as with the‘temperature. (21). The buffer mixture used, was
adjusted toa ©pH of 6.2. On éddition of the starch solution to
the reactlon mlxture, a PH of 6.4 finally resulted° Yo pH

varlatlons were greater than £.15.
) BEREERE

Results

The values redorded in Table I represent the decrease (acc-
eleration) or increase (inhibition) in‘time;‘in ninutes, require
ed fof the hydrolysis of the staréh in the'presencé of the chen-
icéls 1isted as compared to the controls. The average fime
required for the appearance of the achromlc point in the control
tubes wasfapproximately 245 minutes. Daily variations in the
acti#itj of the enzyme were balanced by comparing each day's
experiments with the controls for that day onlyq, All values
presentedkare the mean of severgl readiﬁgs.f ‘In cases wheré
inhibiting compounds had so delayed the reactioh that it was
impossible to Obtaiﬁ a value for the achroﬁic point that day,
thékminimumfdegree of inhibition is recbrded. This was done
only where hydrolysis was apparent, as evidenced by the red or
purplekcoloration of the intermediate dektrigs withkiodineo

In cases where the compound was so strongly inhibiting that no
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dextrins could be detected by means of the iodine test, but only
the blue color of the starch was apparent, the effect is record-

ed as ‘'complete inhibitiont.

TABLE I

Variation in the activity of Malt Diastase in
the presence of certain chemical compounds.

COMPOUND CONC ACCEL . INHIB.
: % SMinutes}
Potassium Bromide 0.0% 67
0.03 100
0.10 121
1.0 120
Potassium Chloride 0.0004 0 i
0.001 35 B
0,004 80 ¢
0.01 98
0.03 115 ‘ .
0.10 133
1.0 140 o
Potassium Iodide 0.0¢9 : 14
: ‘ 0.03 18
0.10 63
; 2.0 180
Potassium Witrite 0.005 35
0.01 55
0.05 87
0,20 - 102
0.40 120
2.0 137 .
3.0 125
Potassium Nitrate 0.01 30
0603 ’ 4‘1
0.10 34
0.60 15
Potassium Sulfate 0.01 0
0.03 0
0.10 2
0.60 13
1.0 12



COPOUND

Potassium Thiocyanate

Ethylene Chlorohydrin

Epichlorhydrin

Glycerol ioDichlorhydrin
( Symmet . )

Glycerol Monoehlbrhydrin

. )
(SRR RE SR SN PP

Chloral Hydrate
Dichlorethylene
Dichlor ethyl ether

Chloroform

10,

goiC . ACCTL .

INHIB.

Z_ _ (minutes)

0.10 37
0.50 80
0.75 90
1.0 100
1.5 43
2-0 9
3500

0.24 1
0.50 3
7.20 - 55
2.48 51
3.72 0
4,96 80
6.20 53
6.80 7
7 .44

0.80

1.6

2.4

0.05 31
0.22 72
0.65 96
4.0 120
1.64 1322
0.26 79
1.32 122
4,0 14
5.30 8
8.0 32
0.20 0
1.0 8
2.0 10
0.025 0
0.10 0
0375 2
0.23

0.46

1.20

0.06 6
0.27 0
0.90

78

16
42

23
>130



COMPOUND

Ethyl Iodide

Ethyl Bromide

n. Propyl Bromide
~ Ethylene Glycol

Propylene Glycol

Trimethylene Glycol

Methyl Alcohol
Ethyl Alcohol

Allyl Alcohol

Acetone

1.

COXC.

e

0.10
0.20
0.30

0.248
0.58
1.16
1.45

o.§7
0.54
136

0.44
0.90
2.23

0@41
0.84
2.10
3.10

0.21
0.42
1.02
2005
3.10

0.47
1.60
6.38
15.90

0.80
3,%6
9.50
15.8

0 .56
1.13
3.50

.90
17..10

0.31
0.80
1.58
%.16
5
90
15.80

ACCEL.

20
30

23

INHIB.

21

10

2

13
120
15

>120
>120

12
135
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COKPOUND CO?C, ACCEL, INHIB.
Maltose 0.20 15
' 0.50 14
1.00 11
2.00 5
3.00 30
Glucose 0.50 0
1.0 5
2.0 10
3.0 34
BEthyl Acetate 0.90 2
1.30 5
7 .20 >120
@ Brom Ethyl Acetate 0.30 58
0.90 53
1.50 47
3.0 10
Alanine 0.08 40
0.24 77
0.40 91
1.20 118
Glycine 0.10 19
T 0.50 24
14550 40
Tyrosine 0,004 2
: 0.02 10
0.03 20
Acetamide 0.08 9
0.20 13
0.49 16
0.60 16
0.80 27
1420 46
Propionamide 0.08 ; 1
040 6
0.80 9
1.20 43
n.Butyramide 0.04 0 0
h 0.08 : 0
0.20 15
0.60 21

1.20 62
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COMPOUND COXC., ACCEL. INHIB.
S, Vi U
Oxamide 0.005 %
0.010
| 0.0375 26
Urea | 0.40 11
' 0.50 -3
1.00 0
1.50 , 20
Thiourea . 0.10 20
0.50 48
1,00 77
7 2.00 63
Phenyl Urea 0,015 0
0,045 6
0.225 25
Phenyl Thiourea 0,008 2
0.020 12
0.09 23
0.075 37
Tolyl Thioures | 0.01 12
: 0.40 38
Methyl Urea 0.16 26
0.40 ; 39
1.20 - 56
Creatine Hydrate 0.04 0
B 0.20 10
0.60 24
Pyridine , - 0.20 12
0080 85 '
_ 5.90 Complete Inhib.
Piperidine 0.070 24
0.17 140
Pyrrol 0.01 16
0.06 22
0.09 27
017 30
Succinimide 0.02 0
0.08 4

0.30 20
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COMPOUND COHNCL ., ACCEL . ‘INHIB.
, -— —omm
Acetonitrile 0.16 0
0.60 0
“1.60 - 8
" 2.40 15
Phenol 0.10 12
' 0.20 0
0 .60 130
1,00 225
0. Chlorphenol 0.012 3
0.062 6
0.124 15
0~21 100
0.62 Complete Inhib. 1
0.93 ] ¢
p. Cresol 010 40 .
| 0 .40 80
0.60 >120 i
0.30 >120 !
Hydroguinone 0.10 38 i
0.50 | >170
100 Bomplete Inhib. ;
Phloroglucinol 0.04 17 :
0.20 . 100 ﬁ
0.68 - > 200 .

RESERBRERHEL RS

Part 11

The influence of certain chemicals upon
the saccharogenic activity of WMalt Diastase.

Experimental Procedure

The method employed differed from that described above

only in decreasing the quantity of enzyme extract added to the
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reactiOn'mixture, from‘1;5 foO.?S ccse The tubes cohfaining the
: hydfolySing miiture were incubated at 30°C. for a period of four
hours, rather than the longer period of elghteen hours used. by
* Denny (14) for the reason that any acceleration due to the add-
ed chemlcals would be more evident in the early stages of hyd-
rolysis than when the reaction had almost reached equlllbrlum°
Preliminary experlments indicated that this was actually the
case.. | |
| ¥At the end of the four hour’period; 5;0'004 volumes of
'the-reactibn mixture were pipetted into 20;0‘008; Fehling's
' solutlon and the redu01ng c'uga.lt'rs defermlned by the stanaard
Munson and Wélker procedure (22) " Cuprous oxide was determlned
' by the volumetric permanganate method.  From the cuprous oxide
B values thus obtalned were deducted those from blank determinat=
ions obtalned by the same procedure except that 0.75 cecs. boiled
enzyme solution were added.

It was found impossible to apply this‘method to mixtures
contalnlng thiourea however, ow1ng to. thn decomposition of the
'1atter compound on heating with Fehling's solution with the form-
ation;Of a copper sqlfideﬂ Attempts to use the colorimetric pio~
ric acid method were equally unsatisfactory.

The values obtainedkare presented belows

Results N o

In Table II Amylase activity is expressed in terme of
milligrams'of cuprous oxXide. FHach value given is the méanfbf
several determinations. Aska further means ofVCOmparison With'

the wohlgemuth method, the colors noted on the addition of iodine
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'to a few drops of the reaction mixture at the end of the four

hour period, are recorded.

The effect of the concentration of certain of the compounds

upon the activity of the enzyme, is represented gravhically in

Figures 1 and 2.

TABLE II
CONC . ligs .
COMPOUND A Cu,0
CONTROL 00 33.8
Alanine 0.10 36.1
' ‘ 0.20 38.9
0.50 44,5
1.00 51.8
1 ‘R'O' 5209
1.80  53.%
7 3.60 56.4
A Brom ethyl acetate 0.045 38.5
‘ - 0.06 40 .4
0.15 42,2
0. 32 gé .5
0.4 0.2
0.60 49 .6
1.20 45,2
1.50 33.4-
Glycerol Monochlorhydrin
: : 0.33 6.1
0.53 48 .1
¢.66 49 .6
1‘%2 506
2.65 50 .1
4.00 a6. 5
5030 : 42
7.80 36.2
8.50 33.2
10.50 28.8

13.20 131

Color Reaction

Blue

Blue

Blue violet
Violet
Violet v
Red violet
Violet red
Red

Blue violet
Blue violet
Violet
Violet
Violet red
Violet red
Violet

Blue vioclet

Blue

Red

Red

Red

Red Violet
Violet
Violet
Violet blue
Blue

Blue

Blue
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o CONC . Iﬁgs« , - ’
COLPOUND ‘ % Cu,0 Color Reaction

COEBTROL 00 .00 33.8 Blue
‘Ethylene Chlorohydrin 0.62 36,2 Blue
1.24 38.7 Blue violet
2.48 39.5 Violet
3,71 39.5 Violet
4.95 35.6 Violet
5.60 35 .14 Violet
6.20 29.7 Violet blue
7 +44 23 .9 Blue
8.66 19 .4 Blue
9.60 13.2 Blue
Potassium Thiocyanate 0.01 33.9 Blue
0.05 35,2 Blue
0.10 38.4 Blue violet
0.20 41.8 Blue violet
0.50 42,3 Violet
1.00 41.8 Blue violet
1.50 38.4 Violet
2,00 35.6 Blue violet
2.50 32.1 Blue violet
3.00 0.2 Blue violet
3.60  25.9 Blue violet
- Potassium Nitrite 0.00% 39.2 Violet blue
0.01 40.0 Violet
0.05 48.9 Red violet
0.10 50 .3 Red violet
0.25  50.9 Red
0.50 52,1 Red
1000 52 05' Red
2.00 52.9 Red
3.00  54.0 Red
Potassium Chloride 0.00025 37.8 Blue violet
0.0005 40.5 Blue violet
0.001 43 .1 Blue violet
0.005  53.1 Violet
0.01 517 Red violet
0.02 52.4 Red violet
0.05 54.1 Red
0 .50 54,4 Red
1.00 55.8 Red
2,00 55 .8 Red
6.00 60.0 Red
10.00 54.2 Red violet
15 .00 41.0 Blue violet
20.00 38.1 Blue
25.00 35.6 Blue
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Part III

The effect of certain chemicals found to ince
ge%se amylase activity, upon dormant potato
mhers. o

'hf,wIn order to examine more closely the possible relation -
3 e

-ship between enzyme activity and dormancy in plants, certain
’compounds found to be most active'in,the stimulation of malt
kdiasfasefin the experiments described above, were further‘empa

kloyed in a series of tests upon dormant potato tubers.

In the case of the non=volatile compounﬁs, partlcularly

k: the imorganic salts, the soak method described by Denny (2)

was used. exclusively. With the morevvolatile organic compéunds
both the soak and the dip methods were employed. As plant
;materlal Certified Seed Potatoes of the Netted Gem and- Upetoe
“Date varietles, harvested in mid-October and varying in welghtx
from 4 to 6 ounces, were used..

Before treatment the tubers were first washed to remove
- all adhering 5011. The selected tubers were then out longit-
kud1nal1y from stem to seed end into seed pleces of apnroximat-
ely 2 ounces in weight. This method of cutt ing was used in
, order to avoid any p0351ble varlatlons due to the more rapid
:germlnatlon of the seed end .

Five seed pieces of each variety from as many -individual
'tubers, were‘éelected for treatment. In the soak treatmént,
these were soaked in approximately one‘litre of a 1.5 % solut-
 ion~of the salt, in the case of the 1norgan1c compounds and

alanlne, for a period of one hour au 21000 After treatment
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»thé Seed Pieces were removed, drained and planted without rins-
ing, inrgandy loam in flats at ardépth of 1% inches. These
were left under greehhouse conditions for tﬁe duration of the
experiment, water being added to keep the soil sufficiently
moisf.

In the dip treatment, seed pieces prepared as above weré
complefely immersed in a 1.0 % solution of the chemical under
examination‘énd shaken for oné minute, aftér which the exmcess
liqﬁid was drained off, the jars sealed tightly and left at a
temperature of 25° for 24 hours. At the end of this time, the
séed‘pieces were planted in~greehhouse flats.

‘Controlsywere prepared for both the dip and soak treatéd
tubers, using in placé of the differentrsolutions, distilled
water. | | |

After a period of 70 days from thé date of planting; a

comparison in the relative amount of growth from treated tubers

- and controls, was made. TFor this purpose, the plant tcps were

cut off;at s0il level and the green weight of the tops taken

ag. an index of growth.

Results

The values recorded in Table III are the total green weig-
hts of all growth from the five seed pieces included in each
treatment. As an additional means of comparison, the number of

tubers germinated out of the five, is recorded in each case.
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TABPLE III

The effect of certain Amylase stimuwlating comp-
ounds upon the germination of dormant potato

tubers.
COMPOUND NUMBER
GERMINATED
NETTED GEN VARIETY
(Dip Treatment)

Control 2 |
Ethyl Acetate ’ 2
A Bromoethyl Acetate ]
Glycerol Monochlorhydrin 2

(Soak Treatment)

Control

Ethyl Acetate

B Bromoethyl Acetate
Glycerol Monochlorhydrin
Alanine

Potassium Bromide
Potassium Chloride
Potassium Thiocyanste
Potassium Nitrate
Potassium Witrite

W B UTE N B oW L

BERHRRABLEBEER

UP-TO-DATE VARIETY
{Dip Treatment)

Control ' 2

2 Bromoethy1l Acetate 4

Glycerol NMonochlorhydrin 3 : '
(Soak Treatment)

Control

(3 Bromoethyl Acetate

Alanine ‘

Glycerol Monochlorhydrin
Potassium Bromide
Potassium Chloride
Potassium Nitrate
Potasgium Nitrite

pRD et DLW BN e

FEHEVFEE LSRN

GREEN WEIGHT
OF_TOPS - GRANS

—b
W~ O\Ul = ~3
DOV O
k-3

O~ b
~Jsalas
L]
O

e © o

o

B A0 O - N



2%,

Discussion

rFrom'the data presented in Table I, it may be seen how
dlverse are the effects of compounds of varlous types upon the
‘act1v1ty of malt amylase. On the basxs of thelr effects upon
dlastatlc actlvity, these compounds may be placed in three diste
‘inct~classes: compounds having a definitely accelerating effect;
'oompounds ha?ing ankinhibitofy action; and compounds exerting
little influence in either direction. | |

This class 1ficaulon however, is subJect to one very import-
1ant restrietion,- the concentration employed a factor.whloh app-
,arently many workersanave neglected. It is evident from the reg-
‘ﬁlts'listed that the effect produced by a chemical compound is
la?ge]y dependant upon its concentration in the reaction m1xture°
Thus, many compounds are acoelerating at one concentration but -
1nhib1ting at another.

TMost accelerators exhlblted their maximum ‘effect between,
deflnlte limlts of concentratlon;,on either side of this the enge
:yme actlvity may ‘be appre01ably leqs. This optimum effect isk
represented graphically in Flgures 1 end 2. Certain of the comp-
'ounds étudled hoWevef, such as Potassium Chloride and Alanine,

" were deflnltely stimulating et all concentratlons employed.
'Others were either sllghtly acceleraulng or had llttle effect at
lower ooncentratlons, but became 1ncveas1ngly inhibitory wwith
uhe hlgher concentrations. | Of this type were the alcohols
and amides. Stillkothéfé; such as'méltose,’ethylene glycol ahd
Hécetonitrile, had little effect at any concentration.

With regard to specific ions or groups, avfeW generalizat-
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ions may be drawn. '
| | - Of the inorganic compounds, those containingehalide anions
were by far the most active. 1In addition, from the values given
in Table I, it is evident that ﬁhe stimulating properties dece
'reaeed‘Wifh«the inerease in atomic weight of the halogen. The
ethride'ion Wa s strongly aceeleratinguwhile the iodide was déf-
initeiy,inhibiting,‘even at low concentrations.

| Afeimilar,variation in asctivity was displayed by the org-
anic haldgen compounds. Glycerol monochlorhydrin and ethylene
‘chlorohydrin greatly increased the diastatie activity While the
kethyl icdide produced an appreciable decrease. Ethyl acetate
'in,concentrations below 1.0% had little effect but on the subste
| itutiondof bromine, beeame strongly accelerating, even below ’
0.5%.

: At high concentrations however, all these Jatte* compounds
became inhlblting. The predominance of other more unfavorable
,prOpefties~masks the'effect of the halogen constitutent. This
‘ may also be the Base with chloroform, dichlorethyl ether, dlcglor~
ethylene,‘eplchlorhydrln and chloral hydrate, all of which were
observed to produce either little effect of a definite inhibition.

In view of the high degree of acceleration brought about

by the chloride ion, it seems probable therefore, that the ability

of: the chloro=- orgenic compounds to stlmulate dlastatlc activity,
is due to the same factor. Organlc compounds of this type
~would undoubtedly dissociate sufficiently to liberate the extremp
ely low concentration of ohlorlde ions required. Even a conce
entration of 0.0005% KCl exerts an appreciable effect upon the

rate of starch hydrolyéis.
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kThis mafked effect of inorganic chlorides hés iong been
fknbwn‘aﬁd many investigators claim that traces of such anions
are essential for the enzymetic hydrolysis of starch. Waksman
and Davison (21) descrlbe the chlorlde ion as a 'co-enzyme' or
fspe01f1c‘act1vator. | Chrempinska (23) reports thatkchlorides
produce’a definite increase in diastaiic activity,«particularly‘
at,pH'skabove the optimum range for the enzyme. At pH values
belowrthe optimum,a flecrease is pi"okclw’u.ced.s

In consideration of the inveétigaticns cited above and
the results,presented~herein, the explanatién of the daté record-
kéd by'Denny (14) in a receni paper, is extremely diffiecult. Only
in the Casé of pancreatin do his results indicate any ingrease
in amylase activity upon fhe addition of NaCl to the reaction
mixture." This is true even when the enzyme solution had been‘
'kpreviously dialysed, in which case the addltlon of an electrolyte
~ would be expected to produce an even more~marked effeet (7).
Noreover, Denny siates that in no case was any inerease in’
kenzyme act1v1ty observed upon the addition of ethylene chlorohyd-
VTrln.  This 1s’a further divergence from the~resu1ts recorded in
this present paper and in that previouely nublished by Clark et‘
31(1)"In Denny's experiments howe#er, the hvdrolysis was allow-
~ed to continue for the relatlvely 1ong period of eighteen hours.
It seems likely therefore, that his failure to obtain an-increase
in amylase activity in the presence of NaCl and ethylene chléroo
hydrin, may be due to the fact that the hydrolysis both in the
controls and in the mixtures containing the chemical, had almost

reached the equilibrium point. It is probable that any accelerat-

ing effect would be more apparent in the early stages of the react-
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ion, than toward the end.

- In the second part of the latter paper, Denny states that
relativély'large amounts of NaCl were added +o ﬁhe rezction mix-
ture in order to minimize the influenéefof small traces of chl-
,kOrides present in the’ethylene chlorhydrin. However, in view
of the fact that the stimulating effect of ethylene chlorohydrin
',andyother similar compounds, upbn»malt diastase, is likely due
to their‘slightidissociation'into chloride ions, the addiiion of
1NaCl’Would~defeat the‘objeet of the experiment. The activity of
the«chlorohydrih would be entirely masked by the presence of
. ‘the NaCl. In addition, the latter compound, with its high ionize
katlon, would anpre01ably decrease the dissocistion of the ‘chloro-
hydrln by the common ion effect.

0Of the other 1norganic~anidns studied, the sulfaﬁefand
the nitrate had 1ittle effect upon‘the amyloclastic propefties :
of malt diaétase. Potassium nitrite however, was almost as
'efflclent an accelerator as the chloride.

Alanlne and glycine were found to be definltely acceler-
'{atlng in their action and tyr031ne only slightly so, although
its low: solublllty prevented its nee in hlgher concentrations.

Acetamlde and the other amides recorded exerted little
s-influehce in the lower concentrations but were appreciably;inhib;
‘iting at higher concentratioﬁsgk These observations including
;amino acids and amides are in accordance with the previously‘
cited work of Rockwoodk(8).

Urea aﬁd;phenyl ureg had little effect in either direct-
‘ionf It'is apparent therefore, as Sherman and ¥aylor (11) héve‘

pointed out, that the presence of the NH, group in a compound is



25.
insufficient to produce enzymatic 'activation'. ’Its position in
'th9 molecule is of first'importance; | ;

On replacement'of'the oxygen of the urea compounds, by
sulfur, the resulting compounds such as thlourea, phenyl thiourea,
and uOlYl thlourea, beoame deflnltely aceeleratlng. ¥ethyl
urea was observed to have a similar effect, but whether this is
dué‘to the presence ofbthe methyl group; is uncertain,

| Potassvum thiccyanate was found ﬁo he deflnltely stimule
ating 1n its action upon malt ﬁlastase by both the Wohlgemuth
and the copper rcduction methods.c~ Contrary to the results pube
llshed in the prev1ous paper by Clavrk, Wowler and Black (1), conce
entrat10ns~above 2.0% KSCN were appreciably inhibiting.. Maximuml’
acceleration, by the copper reduction method appeared;to be at
epproximately 0.5% while by the iodine method, it was nearer {.0%.
- Both Denny 614) and Miller (18) report that the acceler-
ation is apnarent only in the alkallne reactlon range. Un&er
a01dlc condltlons, 1nhib1tlon is produced. Denny's requlté, as -
do those in Table II, indicate that a concentration of KS8CH of
',‘2.,0 ig deflnltely 1nh1b1tory at a pH of 6 4 Fowever, had Denny
*carrled out his experimenus over & wider range of concentrations
.khe Would no doubt have obtained an apprecieble acaeleratlon with
_ the KSCN at even lower pH values.

Hydroxy compounds ‘in general were found to decrease amylo
sse activity to a great extent. In this respect, members of the
aromatic series were considerably more active than those of the
aliphatic series.  Methyl and ethyl alcohols were inhibiting at

'cconcentrations above 8.0% while phenol, cresol, hydroguinone and

phloroglucinol were equally effective at concentrations of 0.3%
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Waksman and Davison (21) attribute this property of aldohqlé
to their effect upon the degree cf dissociation of the enzvme
and to the 1nf1uence upon the colloidal state both of the enzyme
andﬁthe substrate. It would seem evident therefore, that the
inhibition induced by fhe highér concentrations of ethylene chloxr-
ohydrin is due to a similar cause, since fhe chlorohydrin and
ethyl alcochol are such closely related compoundso, |

A qualitative comparison of the data obtained by the Wohl-
fgemuthkand the copper reduction methods of determining diastatic
act1v1ty, yleld= no outstanding points of dlfferenceo‘i In Tsble
II, only in the case of the three highest concentrations of KSCN
are colorm observed wh;ch do hot correspond to the reducing sugar

| deta.‘ The colors noted, in comparison with the blue of the cone

‘,/trol Would suggest that the hydrolysis had proceeded to a point

further in advance of that indicated by the accompanying copper
reduction valueé. Similar observations were made by Johnédn and
Wormaily(zé), who thus concluded that ﬁhe thiocyanate exerted its
aéceleraping effect only in the earlier stages of hydrolysis. It
‘iiSVPOSSi%le'however, that the discrepancies observed may be due
- to the effect of,thé thiocyanate upon thevstarch»iodihe color
reactibn,jrather than the preferential stimulation of the amyl-
oclastic activity of the enzyme.  The data'obtained”is’insuffic;'
ient to draw ény accurate conclusions regarding this aspect of
the problem.

| Curve 1. in Figure 2. illustrates clearly, the sensgitive-
kﬁess of amylase preparations to extremely low concentrations of

'chloridesoy The relatively higher~concentrations of the chloros

organic compounds regquired to produce an equivalent effect, is
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ﬁo dbubt due to their much lower dissociatioﬁ, as well as the
'parallel 1nh1b1tory effect exerted by other constitutents of

the molecule. All compounds of this type show a fairly wide ;
- optimalconcentration range. £ Bromoethyl acetate howevér. |
éxerts‘its,maximum;effect bnly between very narrow limits.

In Figure 1. the effect of KSCN and Kmoé is rather more
Qbscure. ~ They may, like the chlorides, héve some influence
in assisting in the‘dissociationkof the enzyme'molecqle‘into the
écti#e'cation. believed to be diieétlykresponsible in starch hyda
rolyéisr

Whlle the data presented in Table III cannot be consider-
ked 81gn1flcant from a statistical etandp01nt owing to the rel-
'i;atively‘small-numbers'of‘tubers used in the Variogs treatments,

‘rthey do asgist in drawing further conclusidﬁs regarding the,felo
ation,betWeen'enzyme aétivity and dormancy.

In most cases, treatment of thg‘dormaﬁt tubers with thoée
chémiCals'found to exert a;marked influence upon malt diastase,
dld eesult in much: earlier germination of the treated tubers and
"1n increased growth by the end of the experlment.

The two varieties of potatoes used in these tests, showed
certaln varlatlons with respect to the dlfferent chemlnpls.

With seed pleces of the Netted Gem variety, B bromoethyl
scetate was by far the most éffective, both in the number of ger-
minated seed piecés and’in the total amount of growth produced,
The next most effective was KSON. #lanine, KC1, and KNOj all
induced~germination in four out of the original five seed pieces.

CGlycerol Nonochlorohydrin was equally effective with respect to

- the green weight of the tops but caused germinstion in only two
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of'ﬁhe treated’pieces. ‘KNOZ while having s marked efféct upon
:thé enzyme, had little effect upon the dormant tubers.

Using the Up=to=Date variety;‘K01 was most effective. Gl&—
cerol.monOGhlorohydrin'and [3bromoefhv1 acetate were slightly
1ess efficient than the chlorlde, but were’ equivalent in thelr
effect. KBr and alanlne, as with the Hetted Gem tubers, ware
'alsb éapable of breaklng the dormancy. |

| Thus, with the exceptlon o@ KNOo, all compounds found to
sﬁlmulate the actiVlty of malt diastase, produced a correspondo
’ing rasponse in dormant tubers.
In view of the failure of chemicals, known to be‘extremely
éotive in‘breaking'dormancy,‘to produce a similar'increase'in
the amylase activity of pbtato juice, Denny concludes that the
faﬁtion'of these COmpouhds is essentially indirect in natare.‘As ’
‘fﬁfﬁhér evidence for this conclusion, he has shown that ethylene
 kchlbrohydrin, while having little influence upon the'diasfatic
acﬁiﬁify/wﬁen added directly to the‘expressed~potato juice, did
exhibi§7an appreéiéble effect when;the tubefs were Tirst trested
With the chemical and the juice expressed after several days. In
additidn to this, Denny has been gnéble to duplicate the results
of Clark et al (1) with ethylene ’ohlorohydrin and KSCH and cleims
therefore, that hié previons conclusions require no modification.
As the writers of fhe latfer paper havé pointed out, the
fact that these compounds have little effect upon the activity ;
of the potato juice, does not nedessafily preclude the possibil-
ity that a direct as well as an indirect effect may exist. It

méy be possible ghat the failure to obtain any increase in amyl-
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ase‘acﬁivity is due rather to thi parallel activation of antage
’onls+1c enzymes or to 51d° reactions of the chemicals employed
Wlth other constituents of the potato juice. |

As Denny suggests, the relationship between dorméncy«
breaklng chemicals and the various enzyme systems of living cells
is undoubtedly very complex. &oreover, the ablllty of a compe-
ound to induce a renewal of growth in ‘dormant plants must cert-
k'ainly'be'de?endant upon a variety of factors.

"That~the activation of the'amylase of resting’plants‘is
onekimpbrtant fuhotion at least, of the chemicals capgble of
inducing germimation, is obvious from the experiments‘herein des-
cribed. Under proper‘condiﬁibns of concentration and reaction,
€h056‘coﬁpounds most efficient in bresking the rest period of
planﬁs, bring abaut a definitekinorease in the activity of maitA
amylase.*'“

That a relationship of some klnd exists between the two

'diStinct propertleSVOA the chemlcals in questlon, 1; further in-
; dicaté@wby thekresulté tabulated in Table III.  Alanine, Glyeere
'joi'ﬁonﬁchlorhydrin and @ bromoethyl écetate, hitherto;untried in
théir’effect‘upon dormant plants, were found to'be eqﬁa11y as effa
'icient in’that respect as the ethylene éhlorohydrin and KSCN first
kreported by'Dénny.' These~chemicals were‘selected for the germ-
ination tests on the basis bf their’ability to stimuiate malt
~dia3taSe. It seems apparent therefore, that.the effect of
chémicals in inducing sprouting is more direct in some phases at
1east;*thah Denny's conclusions wou}d indicate-

| The foregoing results and their discussion have yielded

little information of value concerning the mechanism of enzyme
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reaotions and their relation to dormancy in'plants. It is
hopéd however, that the data presented may prove of vélue in
suggesting further methods of approach to these and related

iproblems.

SUMMARY

'1; kf The'effect of a number of organic and'inorganic cbmpoundé
1n varying concentrations, unon the amyloc]astlc and saccharoga
enio actlvity of malt amylase, has been recorded. |

2. On the basis of their 1afluence upon amylase activity,
+aéychemlcals studled have been classified as: accelerators,
1nh1b1tors, or compounds having little effect. Whether a comp»
ound is acceleratlng or lnhlbltlng 1n nature has been found to
be largely dependant upon its concentration in the roaction medé@
iume | 4 | | |
3. | The’highAdegreeVOf stimulation noted in the case of the
iﬁorgéﬂic chlorides, has led to the‘suggestion that the similar
effect exerted by chloro organic compounds is due to their parte
1al dissoclation, with the 11bevat10n of chloride ions.

4, Of the nitrogen compounds examined, amino acids exhibited
the greatest acceleration.kk Amides were oppreciably inhibiting

- in their action. Urea compounds wére effective accelerators
only when the oxygen was replaced by sulfur; formihg\the corres=
‘ponding thio-compound. Potassium nitrite was exceedingly stim-
ulating in character, while the nitrate was only slightly 80

5e No evidence was obtained,which would suggest that any of
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the compoﬁnds stimulated preferentially either the aﬁyloclastic
or the saccharogenic phases of starch hydrolysise.

6. Bthylene chlorohydrin and Potassium thioeyanate, compound s
’known to be effective in breaking the reét veriod of plants,
‘have been shown to be accelerating in their effect upon malt
diastasee Thié data is presented as evidence of the possible
relationship between amylase activity and the breaking of dorme
ancye

7. Earlier germination and growth of dormant potato tubers
has been brought abogt by treatment with certain chemicals
previously found to exert a stimulating effect upon the activ-
ity of malt diastase. This data is presented as further evid-
ence of a direct relétion beﬁween the ability of a compound tok

induce germination and its effect upon the plant amylase.
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