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Theodore Lynn Revstocxk

Receont 1nvastlzations havs shoism that ths treaimont of
rad kidnsy bean plants with 2,4 =dichlorcphanoxyacetis scld
rasults in a raduction of carbohydratss, incroase 1a nlicrojsan
and arino acids, changas ln ths vikhamia ecntant, znd chawigas
in ths actlvlity of a nuaber of enzrias lavolvud In cardoe
hydrass mo%abolism (l=5), Tha pursoss of thils investle
gation was tn determine if the traabnant of red kiinay bean
planbts wita 2, edlonioronhiznoxyacaetls acid &ls30 albersl th
srotsolytic anetivity, Homozlobin, slyecylzlycine, cyztinyle
dlglyzine, ohlowoacatyletyroasinse, and cystinyldiglysyle
dizlysine wers usad &8s suhstratas for thass dsterminztlons,
Glysyizivtelna and chloroacatyletyroaine wers vrsparsd by the
method of Flashar (6), cystinyldliglyceins by ths methed of
Loring and du Vigneaud (7), asd cystinyldi;lyceyldizlysine
by the rrocsaurs of Creenstein (8),

Thne red kidney bean plants were divided into leaf,
stem, and roct tlasus, NXNone c¢f the tissues showed cartenye
peptlideaze or aminopolypeptidase activity with chloroacetyle
tyrozine and cystinyldizlyeyldiclyeina substratss, respective=
lye Dlveptidass actlivity was detectad 1n tha tihrss groups
of tilgaues witn zlycylylycins and cystinyldiglycine substrstss
Ferieylobin was also hydrolyzed by tha rod kldney besn planl
tlssues, The nrotsolytic setivitr In the lz2af tlssus cf
tho treatad planta was lower than in the nonetrsatsd, tha
activity in the nonetrented stems was lowsr than ths treatsd,
whoreas the activity of ths treatsd root tlasua waa nob

signiflcantly different from that of the nonetrsated roots,
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INTROOUCTION

Only within the last few years have growth-régulating
compounds been used on a large scale, A group of ; 1ish
workers were the first to make use of such a compound\to
eontrol weeds in oats (1). Since that time the demand for
the manufacture of such chemicals has resulted in the dinIOp-
ment of a multimillion dollar chemical business. Acco -\ng
to United States Tariff Commission figures 2,4-dichloro hkn-
oxysoetioc asid (2,4-D), which is one of & number of groﬁthy
regulating compounds, was manufactured at a rate of 917,Q90\
pounds in 19&5. By 1948 this compound was being producrd\ \
at a rate of 27,512,000 pounds annually (2). These righro
1llustrate how rapidly the use of thess compounds has ogpanﬂed
over a period of just a few years. }x \ \

\
In the field of plant growtheregulators eonuidora%lo % v

)\

eonfusion has arisen as a result of terminology. The t+rn X
phytohormone or plant hormone has been used in at loalt}two X
different senses, In its restricted sonse a hormone 1:{: R
substance produced in any part of the plant where it influ- |
ences a specific physiologieal process, and in a broade i
sense growtheregulating sompounds are generally ocalled A}ant
hormones (3). According to the first definition, the tofn
phytohormone cannot be apolied to any symthetic substance

whieh has not been shown to be present in plants, ﬁlthough
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the synthetic substance may have physiologicel activity very
similar to that of & naturally ococurring compound., For
example, naphthaleneacetis acid could not be classified as
& hormonej but indolesacetlic acid could ve classifisd &s such
by virtue of its bsing 1solatsd from plant materlsl, Van
Overbesk has propossd that a phytohormone be defined as an
organic substanse, other than the racoznized enerzy susplying
substances, which regulates the physioclozical functions in
plants (3)s This definition includes synthetic as well as
naturally ococurring substances, vitamins es well as hore
mones, and growth inhibitors as well as growth promoters,

The applications of plant growtheregulators are many.
Root initiation e¢an be induced in cuttings of many species
of plants by brief treatment with growtneregulators (4).
By the treatment of some flowers with certain of these
chemiocals, parthenoecarpic fruit development can be induced
(5, 6) Some of the eompounds are eapable of inducing
development of flower buds and so permit soms control of the
time of flowering (7)e Other chemicals are capable of ine
ﬁibiting bud development, Alpha=naphthaleneacetic acid, as
well as 2,4-dichlorophenoxyacetic asid, is employed to pre-
vent the preharvest drop of fruit (5, 10). The ripening of
bananas is accelerated by exposurs to a low concentration of
2,4=dichlorophenoxyacetic acid (11). Perhaps the most widely
used of the growtheregulating comsounds is the use of 2,4-dle
shlerophenoxyacetic acid, hereaftser designated as 2,4-D, for

the control of weeds,



Several investizatlions have been undertsken on the
effect of the treatment of red kidney besn plants with 2,4-D
on the metabolism of the plant, It has been found that
théro are striking changes in the carbohydrate, nitrogen,
smino aecid, and vitemin contents of the plants following
treatment with 2,4<«D (12, 13, 14). Neely and co-workers
have demonstrated that the astivity of several of the ene
symes involved in carbohydrate metabolism are changed cone
siderably as a result of the treatment of the plant with
this eompound (15, 15)s In view of the striking changes in
the protein (NX 6.25) and amino acid eontents of bean plants
following treatment with 2,4-D (12, 13), it appeared to be
of interest to study the effect that treatment with this
eompound had upon the proteolytic enzyme activity of red
kidney bean plants,



HISTORICAL REVIEW

The Englisn workers Siade, Templeman, and Ssxton (1)
in August, 1940 observed that when alpha-naphthalensacetio
acid was appllied to oats, weedy w~with yellow charlock, at
the rata of 25 pounds par acre, the charlock was killed
with little injury to the catse. To these worksrs goes the
oredit for the first use of a plant growtheregulator as a
selective weed killer, To &. J. Xraus, of the University
of Chicago, goes tho credit for first suggesting the uso
of nlant growtheregulators as herbicldes in tus United
States, It 13 reported that Kraus suzcsested the 1dea es
esrly s Au.ust, 1541 (17).

Slade, Temcleman, and Sextcn (1) continued their work
by ssarching fcr grouthersgulsaters riore active then aslphae
nsnhthaleneacetlic acid, Cf the msny ccmpounds teated, they
fournd that substituted phencxyacstlic and naphthoxyacetio
aclds showzd the most promise for selective herbicidal
activity. In 1G41 these workers concluued that 2emethylele=
ohlorcphenoxyacetic acid (Ka salt) was one of the two most
ucfivo of the compounds tested, Trlisls in ths field in 1943
and 1644 confirmed ‘thelr findings &3 to the merits of 2-
methyl=l~chlorophenoxyacetic acld a3 a selective herbicices

The other most active compound tested by Slade ard coe-

worksrs, 2,4-dichlorophencxyacetic acld, was further tested
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by Nutman, Thorton, and Quastsl (18)., Elackman (19) in
1943 carried out experiments to compare 2-methyl-j-chloro-
phenoxyasetioc acid with 2,4-dichloronhenoxyasetic acid and
found the former to0 0@ more selesctive and less likely to
injure oroos than 2,4-D whan applied to control broadleaf
annusal weeds crowing with cereels,

The first investizators in the United States to demone
strate the physiological properties (csll elongation,
morphogenesis, root develooment and parthenocarpy) of sube
stituted phenoxy acids were Zimmserman and Hitchcock (20).
Mitchell and Hamner (21) suvgested the possibllity of using
2,4«D and similar compounds with "Carbowax"™ as selsctive
herbicides as a result of their search for suitable carriers
for growtheregulating compounds., A short time later in 1944
Hamner and Tukey (17) conduscted the first actual experiments
designed to test the potentliality of ths growtheregulators

as herbicides. Bindweed (Convolvulus arvensis L.) was

successfully killed by treatment with 2,4-D and 2,l4,5=tri=
ehlorophonoxyacetic acid, Sinece that time numerous workers
have utilized these and similar comnoundas to deternina their
herbicldal effescts on other weeda,

Beal (22, 23) observed the telemorphic effects of the
application of substituted phenoxy eompounds on swest pea,
marigold and bean plants, The term "t2lemorphic™ response
was usad to mean morphological resanonses induced or incited
in a plant even at a point considerasly distant from the

point of aoplication of the substance, These effects were
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manifested by abnormal growth responses of the different
organs of the plant treated with growtheregulators,

As a result of their investigations on the morphologe
ioal and histologleal chances dues to 2,4«D treatment in
bindweed end sowthistle, Tukey et al (2j) proposed four
possible mschanisms contributing to the herbiocldal astion
of 2,4=Ds (1) chlerophyll depletion reducing food synthesis
in tissues, (2) translocation of food interferred with by

phloem proliferation, (3) food reserves depletod by in-
ereas2d respirastory activity, and (4) invasion of soil
organisms due to disorzanization and rupture of rhizonie
and root cortex,

Burton (25) studied the formative effeots of certain
substituted chlorophsnoxy sompounds on bean leaves, It was
found that trsatment of young plants with 0.5 percent 2=
chloronhenoxyacetie a¢ld in carbowax inhibited the formation
of intercellular spaces in the mesophyll of bean leaflets,
Similar application of 0.5 perecent Lechlorophenoxyacetic
acid in lenclin inhiblted the activity of plate meristem
in the laminae of bean leaflets., As a result velns were
not distinct and their parenchyma became continuous althouch
the vascular elements remained diserete, Chlorenchymatous
tissue was oconfined to the margin., Sinmilar treatment with
0.5 percent 2,4=D in either lanolin or carbowax as the earrier
induced progressive modification of bean leaves, The earliest
leaves were similar to those induced by treastment with 2-chloroe
phenoxyaocetic acide In later leaves the external form and

internal structure resembled that formed in leaflets treated



with the lechloro compound,

Pridham has reported that seedlings of -ean plants
sprayed with 2,4-D during ripening of pods developed 2,4-D
symptoms (viruslike erisp folla;zs, dwarfing of growth, and
serration and fusion of leaflets) in juvenile and maturs
leaves (25),

A numver of Javestigations have been undertaiken
desizned to rsveal the mechanism of the action of 2,40
on plants, It was found by Mitchell (27) that within three
weeks after having been sprayed with an aqueous solution
eontaining 1,000 pe.perte of 2,40, plants of morning glory
were dead and had been essentially deplated of sugars, starch
and dextrin, Soon after treatment suzars had increased
above tne amounts in control plants, and then deoreased
until nearly depleted,

Rasmussen (28) observed that the reducing sugar content
of dandelion roots inoreased rapldly following application
of 2,42, but later deoreassd towards the control levels,
The sucrose declined slowly and the dextrin and levulin
oontent decreassed rapidly after treatment, There was found
an increase in nitrogen svlu.le in 80 pereent aleohol and
also an inorease in protein in the roots after treatment,

In experiments employing vindweed, Smith, Hamner and
Carlson (29) found rapid increases in total sugars in all
parts of the plant following 2,44«D treatment; but the ine
ereases were followed by deoreases to éhe control levels
after a fow days. 7The starchedextrin fraoction decreased in

all parts of treated plants., Total nitrogen decreased



stealdlly 1n the leaves and increassd 1n bota stoms and
underground parts. Further evidencs of altered metadboliem
was found in the increassad respiratory activitias of the
trestad rhizeune and root slicas,

Workers at the Agricultiuris Zxsorimant Station of the
Unlverslty of Idsho have also otserved that 2,4«D troatmsnt
resultsd 1n an incresass of tas protein contsat of seven
variotiss ol whsat (30).

Sell and so-~workars have carrisd out extansive studllas
on chan:;es wuich take place 1a rsd kidnsy vean plants afver
treatment with 2,4«D (12). Zoth total nitrogen and amnino
aclds sccunmulsat:d In grester gusntitlas In the stems of
plantas efter treatment, The amino ecids ealculated as
percsnt of orude proteln showed the zreatest differences
in the quantity of emino acids of ths stem tissue in the
case of esnartliec scld, lysins, vallne, msthionine, and
phenylalanina, In vliew of these rssults it was sugzssted
thet thers 1s & possibllity of the protein being differsnt
in the trsated stems, The roducln: and nonereducing suyrars
were depleted in the stems of the 2,4«D treated plants. A
consldereble reduction in carbohydrate ressrves and a dee
ersase in acld hydrolyzable polysaccharides also was ocosorved.
Tre decrease in carbohydrate content and incrsase in protein
sugzgested to these workers that a large portion of the carboe
hydrate 1s utilized in protein synthssis, The emount of crude
fiber decreased in ths stems followlng trestnent, end che

emount of ether extract increased sli:htly in the treated



stem tlasue,

Similar atudles ware carried out on tiae leaves and
roots of rad kidney vean plants by eller, Luscke, Laanar
and Sell (13). The loaves of the tresatsd plants centalned
81i:htly lower percentagss of nitro en and most of the amino
acids trhan cld the controi plantye. ‘The perosntases of crude
protein and the amino mcids valiae, histidine, and arglinine
were almoat tiie sume In the treatsd and untrzatad rootas.

The other anino aclids were sli-htly less in the roots cf the
treatsd plants. It was sugigested tuabt the reiuction of most
of the amnino aclas In the root and lsal tlissus may be dus

in psrt to tha trarclocatlon of thoss substances to the

stem tlssue, A dapletion of nconereducing suzars was Obe
sarved 1n both the leaves aand roots of tae treated plants.
The psercentsa.ss of reduclng sugars, starch, polysaccharides,
orude fibar, ash, ethor extract, unsaponifiable material,
and fatty aclds were practically the sams for zoth the
leaves ard the roots ¢f the treatsd aad nonetreated plants,

The vitemin content has alsc been found to chan.e
following treatment of red kidngy bean plants with 2,4=D
(14)e The zontent of thlaminae, risoflavin, nicotinic acid
and carotane was obssrvad to he less in tie leaves of
treated plants, whorsas the content of pantothenis socid
increasod ia the treated leaves, In tha stems it was found
that the content of talanine, risoflavin, nicotinlec acid and
pantothsnia acld lnsrsasad in ths treated plants, whoreas tae

sarotene content was lowsr in th9 treatad stens.
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The marked caemical changes in the treated tiassue
sugzested tihat tas enzyme systoms ml:ht bs lnvolved. Xeely,
Ball, Zammer and Sell (15, 1%) carri.d out studies on a
number of ths enzymss luvolved 1n carbohydrate matabclisa,
It was found by thess worksrs thav tne &lpha amylass activity
was oconsldsravly lowered and tihs bota exylass sctlvity
8lightly lowsrsad in tvhe tresated stem tissuee. In tas lsaves
thers was a very sli ht incrsass In thse bvata amyless
ectlvity in this treated planise. Invertasa actlvity was nct
detwcted in either tne trested or noinetrestsad loavss and
stems of the re¢i kidney Lean plantse. Peotin msthoxylase
activity inorsssed 1a bLobk the stems and lsaves of trsatsd
plantse Puosphorylsse sstivity ducresased in the stem and
leal tissue of the 2,4«D trasted plantg,

Bagen, Clagett, snd kelzeson of the North ULakota
Agrioulburs College have made a study on thas effect of
2,4=0 upon the activity of the caster bsan lipase (31).

In experiments in wiiich olive oll was used as suvstrats and
solvent extracted casier bean m3al as tas source of senzyme
and varlous ccncentrations of tho sodium salt of 2,4=D
added, 1t wus found tihat tue lipase aciivity was inalbited

by the presence of 2,4«D at a very low concentration.
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vateriales end Vathods

Samples of Tissue

Proparetion of 1saf, steam, snd roct tissuc, Seeds el

the red kidney bean, “haseolus vul-aris, were sclscted for

uriformity of =lze end planted in foureinch pcts in the
groennousa., iach vot contalred four vlauts which were
treated whan the first trifolliats lesves wsre expanding,

Two renlications e¢f 100 plunts sach were used ag & sourcs

of becth treated and non=-treatsd (contrcl) plant material,
Cne drcop (0405 ml.) of a 0.1 narzent solution of 2,li=dle
chloroshencxyacetic acid (2,4-0) was anpliad to the bass cf
the tlade of & primary leaf of cach treated nlant. Tne
plants wara harvested slx days after trestmsnt, AL ths time
of harvest the sbtem tissus had proliferatad considsrably

but there were no sl ns of ncsarosis, e matsrlal was derled
in ths darl at 33° ¢, and after dryln; sesre;ated lanto leaf,
stsm, and roct tlssus wlth the hyosocotyl, first internods,
and leaf soticlas bein:z grounsd to vther as stem tlssua,

The material was sround in a micro wiley mill to pass throush
a2 60-mash scresn and storsd in ths dark in steoppered glaas

Jars,
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Analytical Methods

Determlinsation of proteolvtic sctlivity with a hemnmoclobhin

gubstrate, Ths proosedure employed for the detemmination of
proteolytic sctivity using a protsin as the suhstrate, with
a fow minor altaratlons, was a melification of the Ayrse
Anderson methiod as revised by Miller (32)s A oOno=rran
sample of thse »nowdersad plont mabterial was placed in an
elghtelinch tess tubs alon: wlii 04625 ge of U1fco Bactoe
Hemoslobine The tube was rotated so as to thorouzhly mix
the plant materisl and ths substrate, Twentyefive millie
1liters of C.1 M. acoetata buffer of »i 4.3, waich had boaen
previocusly brouv;ht to the temusrature of the water nath,
was edied, After ggitation and stirriny with s glass rod
until a uniform susnension had bueon o-talinad, a trace of
tolusne (05 ml,) was aiddade The tube was placed in an
autonstic shelkin: device contained in a cronstant tamperae
tura water beth held &% L8O C., and Iincubatad the desired
length of time, 7or each dstermination two tubes of material
were prenured in the seme manner and nlaced in the water
bath at the swiae time, After fifteen mimites of shsking,

5 ml, of 356 percent trichloroacetlic 2¢id was added to one
of the tubers and the shaking continusd for an additiocnal
five minntes. The contents of the tube were filtered
throu h paper snd the precipitatzd materisl washed with a
small volume of alstillsd water, Durin: the washin: care
was tekon so that the total volume of the filtrate did not
excoed 50 ml., The filtrate was diluted to SO ml. and the
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amino nitrogen determined on a 10 ml, allgquot in a Van
Slyke amino nitrogen annaratus, The sample was shaksn flve
minutes in the resaction chamder of the apparatus,

Five hours after takin: the flrst sample the remaining
tube was treated in the same manner and the amino nitro:en
determined on a 10 ml, aliquot. The difference between the
two determinetions was taken to rerrseasent the increase in
emino nitrocen as a result of the action of the proteolytic
enzynmes in the plant material on the hemoglobin substrate,
Treated and nonetreated tissue were run at the same time for
each determination, The results of the determinations were
expressad on the basis of the increase in milligrams of

anino nitroren per plant per five hours of hydrolysis.

Jatermination of proteclytic activity usinos symthstie

substretes, For these detsrminations 0.750 g. of the appro=

priate poudersd plant matierial was suapended for four hours
in 210 xl, of an aqueous 20 perseut glycerol scliution. At
tairty minute intervals thas tubes containins ths suspsnsion
wers tirned several timas In ordsr to recuspend any matsrial
wiiich may havs settlsd to the bottom of the tubes. Aftar
four hours ths suspsnsion was conirirujed and thse supsranatant
1iquid flltered. The eclear filtrate served as the source

of enzyms. Longer extractlon pariods dii not result in a
mesaszurable increese in enzymatlc activity,

The synthetis substrates ussd for the determinations

consisted of one perceat solutions of zlycylzlycina, cihloroe
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ecetyleL-tyrosine, L-cy:tinyladalgljcins, end Lecystinyldie-
glycyldizlyecine,

The =rogedure empleyed uslng glycylglycine 83 & sube
strate was on> bty Blagovsshchenskii end Melamsd (33)s A
ceriss of three tubes were necessary for each determiratlon,
e first tubs conteired 3 ml. of a ons percent soluticn of
rlveylslycine iv 0.067 ¥. rhospbets buffer pH 7.4 and 2 ml,
of tre clvcarol extrect. The eacond tute contalnsd 3 ml.
¢f 0.047 M. vhoeohate buffer pi 7.4 aud 2 ml. of the glycerol
extract, The last tubes contalned 3 ml, of a one percent
sclution of slveylglycine in C.047 M. phosuhate buffsr pH Telt
snd 2 ml. ¢f & 20 nercent glycerol solution. Two-tenths
1111411 tor of tcluene wes ecied to sach tube to inhillt
buetericl - rowth &nd the tules were incubated 1n a ccnstant
temmernture water tath <t 20° ¢, for 18 hours. At the end
of tiils time, the sclutions were ranovad from ths seter bLath
end d1lutad to & volum=s ¢f 10 rl, ’n sllguot of the diluted
sclution was snalyzad fer amino nitrosen in a Ven Slrke
anino nitr~gen arparatus. The sun ¢f the anlno nitrozun
determinetions from tha tso blank Subas was subtracted from
the vz2lue of the amino nitroren ohtalned from th: Lato cone
teining both the vlant extract and the substrate.‘

L. similar procedure was emrloyed with tho othar syne
thetlc suhstrates, The pontides were diszclved in wetor,
the »H adjusted to 7 with dllute armonium hydroxids, and
dlluted with distilled water so as to gilve a one nsraent

golution, Thres tubas woers prenared es in the mathod using
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glyeylslycins for each substrate. Aftsr 43 hours of incue
bation 1n the watser Lath at 33?2 C., the tabes wsrs removed
and ths emino nitro;sn datermined oa &ll of tha tuves wiih
the excention of those contalning cystlinyldiglycyldiglyecine,

In the o6asze of the dsteralnstions wlth cyatingldl.dyeyle
diglysine a3 tis substrate the ssluitions were filtersd in
order to czlleet any eystins trabl nad npocipltuaiesd In tiha
coursd of Ghoe reoas:ione Tha nrecliltabe was diasolved off
of the filter with 6 N. hyirochloric asid and the nitro:an
detornined vy 8 sgnlenicro Kjolasle Tha tunes gontaluing
the plant extracy only and the subsbrate only wsere treaiod
in & like mananar. In all of the deiamninations trsated and
nonetraatad tissue ware uasd at too gams time and the rasults

were oxnreazad as millisrams of axnino nitrozea psr plant,

Syathesis of Peptidea
L=Cystinyldiglycine

Benzyl chloroformate (34)e In & threeeneciked fliasi

fitved with a ruober stoposr currying an exit tube and a
delivery tuve extendinz to the cotvom was placed 250 g. of
dry toiusne, Tns tuuves wareequinvvoud wita s8btopceocks 80 that
the reastion flask could oe disconnsotsds The flask cone
taining the tolusne was welghad and cooled in an ice bath,
Phosagense was bubbled into the tolusns untll 5 g. had vesn
absorvads After the required amount of pnoszgene kad bHeen
avsorved, the connection to thne phosgens tank was replaced

by a ssparaiory funnel, and with gontle shaking, 5% ge. of
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d. P. boenzyl aleohol was added rapidly through thas ssparatory
funnal, The flask was allowed to stand in the ice bath for
one=half hour and at room temossrature for an additicnal two
hours. The solution was then concentrated under reduced
pressurs at a tampasrsature below 60° Co to removs the major
portion of the toluene, hydrochlorioc acid, and phoszane,

vicarbopenzoxy=Leeysting (35)e. Seven and tweetenths

grams of Lecystine were dissolved in 60 ml, of 1 N, sodium
hydroxids contained in a 500 ml., thres-necked flask fitted
with a mecnanical stirrer, drovsin: funnsl, and cooled in
an ice bathe Tweatyelfour graans of ths benzyl chloroformate
prepared above were addsd dropwiss to the vigorously stirred
golution whils 120 mle of 1 N. sodium hydroxide wers added
dropwise at tne same time over a pariod of 20 to 25 minutes,
The mixturs was stirced for an additional 30 minutes and
extracted with ethyl ether. The cooled, agqusous phase was
acldifled to the eppearance of ths blue color of Conzo red
with 6 N, hydrochloric acid. The white amorphéus presipie-
tate wasl f1ltersed and washed with small portions of cold
water uantil the washinzs were free of asld, The dry filter
cake was dissolved in 200 ml, of ethyl acetate and filtered.
The etayl acetate was removed under raduced pressure and the
residus taken up in 200 ml, of chloroforms Dicarbodenzoxye
Lecystine senarated as fine needlss, m.p. 122=124° C,
picarbonenzoxy=Lecystinyldislycine (36,37)s Ton graas
¢l finely pulverlzed dlcarbobenzoxy=Lecystine suspended in

60 ml, of anhydrous ethyl ether in a 125 ml., glass stopnered
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Erlenmeyer flask was ¢oolad in an lc¢sesalt basthe Ii:hs
and twoetenths ~rams of flnely puiverized phosshorous pentae
cnlorida were added and tha suspension shaken vizorously,
After several rminutes the material went 1nito soclutlon. The
stopner was regmoved momenbarily at frequent int:rvels in
order to relcasa any pressurs which may have bailt uvp lne
sile the fieske After 15 te 20 milnubes with shokine and
cooliing, the c2cid chleorids ¢f uicarbooanzoxj-L-cystina
vrecinsitateds An edditional 10 to 15 ml, of dry einyl
ether was acded and the material fiitesred on a dry fllter.
After washing ths nrecinitate with'a snall volums of dry
ethyl ethsr, the product was adisd in small portions slong
with 35 mle ¢f 1 N, sodium hydroxide t9 Lo g¢ ¢f slycine
dissslved in £0 ml, of 1 N, sodium hylroxids eoolsd in an
1ceegolt bLath, Durin: the addition of the acid chlorida
and for oneehalf hour aftorward, the solution was stirred
vizorously. Tha coolasd alkaling solubtlon was acldlfisd with
hydrostloric acid ani the cruus preciyitate of dicarhoe
beonzoxy=Lecystinyldi:lyeins flltereds The smorphous proe
cipitate was washsd sovarsl timas wisth c¢cld water unti
the washinzs weras neutral or only falntly acld to Ccnzo reds
Tiie molst sclid was disgolved in 150 ml, of boiling dioxane
and the Lot solublon flltered, Tns filtrate was evaporated
under reduced pressure to & volums of 75 ml, and on staading
fine needlas of dlcarbobaenzoxy-Leoystinglilslyclns ajypaared,
Thess were filisred off and weshed with etner. Aftsr extrace

~tion with ethyl acetate and erystallization the melting
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point was 175-178° ¢,

Lecyatineldiclyecine (37)e One and ssvenetenths grams

of sollium oul in small pleces was alidsd gradually to 6.2 ge
of dicarbobonzoxyeLecystinyliisgliscine alssolved in 50 ml,
of liquid armonia contalned in a 250 mle tareee=nssked flask
fittod with 8 mersurye-ssalsd stirring device. The solution
was ¢20lsd In a triciloroethylensesclld carbon diecxide bath
and stlirrad ysntly. The ocompnlation of tha rosction wus
shown by ths aspsaranca o the Llus color due to frss soudlum,
After thie amuonla had b:en sllowed to evajorate, tha flask
was evasuatad on the watser pump ia order to rsmnova the
remalning ammonliay and the resldus ramaining was dlssolved
in a small volums of watsr. The flusk was agaln evacuated
for a short time and the ecoolad solution mads nsutral with
hydriodic acid, The reduced pseptlide was oxidized by asrating
the sclution until the sodium nitroeprusside test was neze
atlve, Ths solution was made gli-htly acid to litmus with
hydricaic eecid, eonsontrated in vacuo until crystsls of
sodlum 1odlds bezan to separate, and the oxidlzed pentide
precloslitatad hy the addition of several volumes of ethanol,
The comnound was obtalnsd halozen fres by reneated solution
¢f the amorpnous product in a gmall volume of water and
preciositation with ethanol, The amorphous compound was
then dissolvad in a small velume of water (15 ml,), enoush
ethancl sdded to give the sclution a elouldy appearance, and
the mlixtura allowed to stand overnisht in the refrigsrstor,

The pentida flrst anneared as a ayrup but gradually solide
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i1fied, The nestice was filtered, euouzh ethanol was added

to glve a cloudy aopearance, and ihs cocvllng repeated. The

~

melting point of the erystalliine proiuct was 204-226° C,

(decompesiticn).

’,

< . z Ly .
S8 Ny 144.03). Junds

Anal. Calcae for 31051318:‘6?‘5432"541

N. lu-,oz':?o

Lelystinyldislycylcai;lycina

24 paphohenvoxyeLecyetinsldislgeylalalysias (3S8).

Twonty zrams of clyelne anhydrice wss aissolved ia 100 mxl,
of 2 ¥, sodilvm hydroxide and the smolntion allowed to stsand
for cnsenalf hour at room tsmnerature, An equal volumne of
water was edded and tha solubtion chllled, VwWith vigorous
stirring, dicarbobanzoxyeLecyatinylaichiloriue, prspared
fron 23,2 ge of dicarbvoenzeiyeLecystine as pnrsviously
doscrived, was adaad in amall portions along wilth tize sltere
nete adiition of a total volums of 60 ml, portions of 1 XN,
sodlum hydroxide, The addlitlion rsquired avout an hour and
tce stirring was continued for an addlitlonal half hiour.

The sclution was filtered and the coolsd flltrats treatoed
with 5 No Lhydrcochloric acid to thg anpsaranocs of the blus
color of Con;;o reds The compound appaared as & gslatinous
mags which wes Immealately filtered off and washed wita cold
waters The product was dissclved in 150 ml. of hot dioxans
and evanorsted to 50 ml, under reduced pressure. On the
&ddition of the dioxane sclution to a doudle layar of ethyl
ether and water, an oil separated which rapidly oryastallized

into nsedles on standing in the refrigerator. The material
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was filtered, washed with cold water, ether, and drisd.
Aftor extraction with hot ethyl acetate, the product, a
white sclid, melted at 207=259° C.

Lecystinyldislveyldli-lycins {3%)e. Twelve and slxe

tenths grams of dlcarbobenzoxyeLecystinylalglycyldl lycine
was dissolvsd in 250 ml, of liquld amonia, Th3s threse
necked 500 ml. rouni botton flagk contalniny tis sclutlon
was fitted with a mercuryesgsalsd stirrer and coocla2d in a
trichlorosthylensedry 1ce mixturs, Motallio sodlum was
added in samall pnlsces untll a blus color appnsarsd in tha
solution, Aftcr the amnucnia nad ks3on allowsd to evaporatse,
tha fla sk was svacuabtsd on ths water puap for savoral hours,
The rasidus was dissolved in snouzh 0.5 N. sulfuric acid to
bring the rescticn just acid o litmus and traated with a
s8li:ht excess of iopkin's msasrcuris sulfate reagont, After
standinzy saveral hours, the mercury galt was cantrifused
off and washad flve times with ulstllled water, susnonded
in watser, and treated with hydrorcn sulflds gas. Tha filtrate
after avration was apgaln treatad wltk the mercurlc sulfate
reazont, caatrifucsd, and washed, Lftsr remcval of the
mercury with hydrcgea sulfide, the fllirate was werated and
treatad with saturated barium hydiroxide solution until
weakly alkallino. Tha perium sulfate was centrifu;sd off
and the susarnatant solutlon treoated with a ranid curront
of alr, Wwhen the oxldation was complotsd as shown by a
negative soulun nltroorugside tesh, the solation waes shakon

with norls for onsehsalf hour; and ths clsar, colorless
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filtrats was treated with enough dilute sulfuric acid to
exactly romove the bariwa hydroiilie, iLfter removal of the
bariun sulfate by osntrifugation, the supernatant sclutlion
was evaporatod to a small volume {15 ml,) under reducaed
presaure and treated with & largs sxoass of ethanol, A

golorless oll ssparated wnlch rapidly crystalllzed in tue

.

rofrigo=ator, Afber ths cryatallizuilon wasg repeaitsd tiree
timas, tia nroduct was drisd in s vacuun dezigeaibor ovar
csoncentrated sulfurle acld, Tns wmelting point c¢i tle white
erystalline nrouuct was G5° G, (lscouposition).

tnale Calcode for C “q.o 3,02 108 Ny YboTe Found:
14 Lece 2

Ny 16e70 -

Glycylglycine
Glycine sahydride (3%)e A mixuurs ccntalning 706 g of

glyelns and 250 ml, of ethylens glycol was heated with cone
tinucus stirring for 50 minutes at a temperature of 1749 to
176° C.;.and the cark, brown mixture was cooled cverni:nut in
the refriceratore The susponsion was centriiu;ed and the
brown, crystalline mess wasned with a small vclume of
absoluts metnanol untll the wascings wers naarly cclorless,
.The brown crystals were dissolved in 220 ml, of bolling
water and the solution coocled ovsrni:hte The crystsls were
filtered off, washed with methanol, and alr dried. The
product was dissolved in 250 ml, of boilinz water, decolor-
1zed with decolorizing carbon, and the hot solution filtersd.

The erystals, wnich formed uvon stanainz overnight in the
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refrigerator, were filtered off, washed in turn with lce-
water, 50 percant methsnol, and avsolute methanol. The
product was pure white erystuls of 2,Sedlketopipsrazine,

Glyoylslyeine (LC)e One sram of pulverlzed glycine

anhydride was shimken with 10 ml, of 1 N. sodiwn hydroxide

at rocm tesmpersture, Tha :lycins unhylrlds wenlt quiekly
into sclutlon; snd after 15 to 20 minutes, the sclution was
neubtrallired with an equivelsnt amcunt ¢f 1 N, hyurcenlarie
acids, The sclutlon was evanoratel under reduszad sraasars to
a small volume and coolads Tos glyzyl lyclne azpsarad ea a
colorless crystallins mess, Meltin; polnt 209° ¢,

Anal'. Csled, for Ch}iéasﬂz.l‘{z‘q: \7’ 13.6’). Fouads :\r, 1;3¢07.

ChloroacetyleLeTyrosine (L1)

Ten prams of Letyrosine was suasended in 70 ml, of
absoluts etharol end hydrosen chlorlds gss bubbled throush
the smasension untll sclution was complates Cne hundred
and forty millilitors of avsoluts ethanol was addsed and the
solution refluxad on ths stsam baca for 24 houras Aftsr
this time the solutlon was evaporatsd to drynsas under
reduced nroseure,

Ten grama c¢f the cruds hydroculoride of the etuyl
ester of tyrosine was ocvered witn 1CD ml, of chloroform.
After cocling to C° Cey 41 ml. of 1 K. sodlum hydroxide
was addad with shakinzre The fres ester qulckly went inte
solutlion in ths ohloroforme. r'lve ;imms of cnloroacetyl
chloride, dissolved in 50 ml, of chloroform, was added in

smull portions to the cool mixturs, After about onsehsif
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of the acid chloride had veen added, 20 ml. of sodium care
bonata solution (4T fe of the anhydrous salt) was added
alternately with shakine to tha cooled mlxture, At the
close of the reaction, the chloroTorm phase was soparabad
and dried with 2 ge. of anhydrous sodium sulfete, Hoat of
the chlorofomm was rerioved on the steam bLath end the chloroe
acetyl=Letyrozline egter crystallized from the sclutlion unon
the addition of a small volume of petrolsua ether,

Ten zrams of the etiyl estsr of chlorocacetyleLetyrosine
was dissolved in 70 ml, of 1 N, sodlum hydroxida, After
15 minutes the solution was nreutralized with hydroéhlorio
acld and in a short tlms the chloroacetyleLetyrosine bagan
to crystallize, 7Ths orystallization was completsd on
standing overni ht in the refrizerstor, Msltinz point
153° to 154° c. |

Anal, Calecd, for C11H120,MC1s X, Selidis Founds K, 5.65,






RESULTS AND DIS3CUSSION

Tha results of the determinailions cf protsolytic
ectivity are sumuarized in Tacles 1 to l«

Tie protsolytle activity with & hemolobla substratse
i1s shown in Tabls 1, The ectivity in tho 2,=D trsatsed
stom tlssuo 1e elmost a third more tasn 1n the nonetrsataed
tissuee cetarminations witia tos leafl tissus saow the
reversa trouds In tuls casse, tne lsavss of the noa-trsated
plants show almost doubls the probaclytle astlvity of the
troeted lesves, Koot tissus shows a vary sii ;at decrsase
in the actlvity of treated tlssases The results as dstore
mined by ths metncd of Van Siyka after five hours' hyliroe
lysis et 43° C, are exoressed as ths 1lncreass in milligrams
of amino rltrozen per plante In exnseriments in which tha
temparature of the reaction &nd the ph of the buffer were
varied, 1t was fcund tiat ths maximum hydrolysis for five
hours took place at 48° C. ani ri L.8. In order to be
eortaln that all ¢f the inoresse 1a amino nitrosen was a
result of enzyanatlec kLydrolyslis of tas hemosglesin substrate,
determinations were sarried out oun sspsrate sanoles cone
taining ths substrste ouly and the plant matorial only. In
neltzor of thesse cases was there a si.nificant increase in

amino nitresen in the course cof five nours under the cone
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TABLE 1
ARFUICT OF 2,4«DICLORCPULNOYTACLTIC ACID ON THED

PROTZOLYWIC ACTIVITY OW Tdu STwed, LuAP Aliw EOOY TLSAUE
OF Tio Roo XIo0AY 3EAN JLAND USINg A HOMDILOSIN SUBSTRATLW

Nonetreated Treatad

Tigsue revlicats renllcate
1 2 1l 2
Stems 1.73 1.89 2.50 2.48
Leaves 1.62 1.92 0096 009‘4
Roots 1.02 1005 . 0083 009’4-

#T7xprossed as the incrsase in millizrams ¢f emino nitrezea
per nlant for five hours of reactlon at 43° C. and pd 4.8,
ditions of the experiment, which indicates that the increase

in smino nitrosen in the determinatlons wesg a result of the
enzynatic hydrolysis of the hemoslobin substrate.
Table 2 shows the results cf an experliment in which
the proteolytic activity wes determined on the stem tissus
emrloyinyg synthetle peptlde substrateas wWith glyecylzlycine
the treated stems have more than douvle the activity of the
nonetreatsd matsrlale T2e same trand is onserved with Le
oystinyldislycinee When tha substrates wore slther Le
cystinyldl rlyerldlulycine or caloroacetyleLetyrosing, no
evlidence of enzymatlic hydrolyslis of thsse comoounds was noted,
The results c¢f the dastermination of proteolytile
activity with lasaf tissue and syanthsitis substratss ars
summarized in Table 3, Ths treated leaves show léss than
half the activity of the nonetreatsd lesf tlssue with glyeyle
glycine, ith cystinyldizlyelne the activity of the noie:
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> =oran

Traated

Substraa rspiicave ronlicate
1 2 1 2
Glyeoylzlycine Qe22 .22 D50 o4l
LeCyatinyldi.lycine 0.5, CebS le62 1.18
LeCyatingldilyeyldlilycine  GCl.00 0,00 0400 0l.CO
Chlorsacetylel=tyrosine 0.00 0.CO 0400 Q.G
®Exsregsed a3 the incrsease in mllli :rems of amino nisrs en
per plant for 43 nours of rssction at 309 C,
TeuLs 3
B ST OF 2,Le0TCHLO G0N ,HQLYACLTIC ACIS 2N TEE
PAGTSOLATIO ACTIVIAY OW T T,AR TISYR OF THI 5
R7D AT 00 ESAY PLANT Usiie S>[l$ JHAITG L0 . 370wATes”
Non-treated Trsatad
Suhstrate raplicate renlicats
1 2 1l 2
Clyeyl-lycins 0.29 0.21 0.13 0.13
L-Cystinylidiclycins 0437 0.28 0l.13 0.10
LeCystinyldlolycylélglyoine 0,00 0.00 0.00 0.00
CrlorsacetyleLetyrosine 0,20 LCeC0 .00 C.CO

('-,- - ’c -
“Exoresssd as the inoresse in milli .raas of aminn nitrogsen

ar plant for L3 hours of rsaction &b 30° C.
? :
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treated leaves 13 more than doubls thna actlvity of tus 2,4eD
treagtsd matsrizl.. As was the case witu ths stem tlssue, tue
leaves 2id not show any hydrolytic activity on ths aulstraves
cystinylaislysyidiglyeine or chloroacetyl tyroslne,

Table 1} shows that ths nonetroated roct tissua has
8li n%ly, tut rrodbadly not sizniflcantly, more astivity
then thz treatsd tissua when the substrates esre slycylilycine
end eyatinyldl~lyclne. Again as was obssrvad from tas
rosults of exneriments with stem and lzaf tissue, the rooct
ticsue wae net sLle to bring about the hydrolysls of cystinyle

Aslyeyliiczlycine and chloroacetyl tyrosine,

TALE L
ép“-LCT \ "‘ 2.4.‘.AJ-LVLLL L"‘Ju-:.x_m”_\w"..'{‘\.c.. [J \uIU C\: ’:AA&-J
DPROT N \ I" ACLIVII{ OfF gt 0T PTILIZUL ¢ THE
RIL Z1IW.T & PLANT USTin SiNiLLiLs .,\,_':51'331';3*
Nonetrestsd Treated
Subatrate renlicate raplicets
1 2 1 2
Glycylgl y< ina 0030 020 0.20 0 015
L=Cystinyilii_lycine 0.70 0,82 0463 0e53
Lelystiayldl lyecyldizlygeline 0,00 04,00 0.00 0.00
CliloroacetylelLetyrosine - 0400 0,00 0400 0.00

*Uxpresssd as the inorease in milli:rams of amino nitrogsn
per nlant for 43 hours of reaction et 30° C,
Specific sunstratss for emlnopolyneptidase, carbvoxye
peptidase and dipeptidase have frequantly been, rasvectively,

leucyldislycine, cilloroacetyltyrosine end leucyl;lyeine. The



25
methods for estimatin~ the hydrolysls of thssa compounds
have often timas enploysd a titration procedure, In the
event of th2 dstermmination of aninoonolypentidass activity
in a bilological system In which a diseptidase 1s also presant,
leucyldislycine will not be a very satisfactory substrate
since the zlycylilyolne, whick 1s snlit off by the anlnoe
polypeptidass, will be further aplit by the dipeptldase,.

As a result, a tltration procedure will not ;ive a true
indication of eminonolypeptidass activity vut a cowbinatlon
of eminconolypentidase and dipeptides: activity. Creenstein
(38) sugrests as a substrate for amincnolypeptidsass a trie
peptide contelnic: a very insolu:le amnlno acld in the acyl
position, The emino acid ean ba filtered off and determined
separately from the other produets of hydrolysis, Experie
ments Lhave besn revorted by Greanstsin (3%9) which show that
cystinyldiglj;yldiglycins is a satisfactory substrate for
determining aminopolypeptidass astivity in tha presence cf
sarboxynentidass and dipeptldase,

The detesrainations of smino nitrogen in this work were
done 1in a Van Siyke amino niltrozen apparatus. A éitration
prosedure was not convenlent to use besause of the presence:
of colored substances in the plant extraets whieh mads the
end polnt of ths titration difficult to detsct,

It has bsan reported that tho amino amolds glycine and
eystine zive nitrogzen values wita the Van Slyke method of
analysis whish are slightly higher than the theoretical (42).

In the case of cystine in the detsruinations reported in
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this work, the aerror is sliminated when tho amino nltrojsn
valus of the blanks 13 suvtracted from the value of the
reaction tuve, The major portion of the error dus to zlyclne
will also be eliminated for btus sam3 roason. The small
error romaluinz will not bs larze enouih to slgniflicantly
eltor tha results,

{lyeylslycine and eystinyldl lysiune apre substratss
used for the dataotion of dlpeptlidass sctlvlity. Chloroe
acotyltyrosine 13 a gpselfic substrats for carboxypeptidecse
activity and cystinyldizlgeyldiglycine is apseific for
aminopclyneptidase activity (38). ividently thors were no
enzymes pregent in the immature bsan plants which were able
to exninlt carboxyneptidass or aminopolypartidase activity;
or if thare were such enzymss vresenlt, they were rnot able
to hydroly;e the substratss emnloysd 1n thass exnerimsnts
for theilr detsrmination, oJipopsidase activity was indicated
In both treatad and nonetrsated bsan tissus, The protsolytie
activity determlned with elthar hemo:lobln, glyeylslycine
or cystinyldislycine &3 tho subatratss ghowed the same trend
in the 2,}«D treatod tlssue and of aonroximatsly ths same
rslative diffsrsnce,

The decressed protsclytic activity in ths 2,)4«D treated
loaf tlssue was to ba exnactad since thare was svidsnsa of
an Inhibitlon of ths growta of the leaves of ths treatsd
plantse althouh ths total over-all dry welcht of the
treatsd and non-treated plants was adout ths same, the walzhf

of the leaves of the treated plants was less than the wel.nt
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of the non-treatad lsaves, 3ince the wal-ht of the stan
tissua of tho treated nlantas wasz jyraazter than the wal;ht
of the stems of tha nonetraated nlants, th3 total waiht of
the two srouns of nlants remalnsd ansroximately the BN e
Wweller, Lueake, Hamner and Sell have shown that tha leaves
of 2,}=" traated plants ecntainad lower percentages of
protein (X 6,29) and saino acids than did ths leaves of
the nonetreated plants (13)s Thzsa condltions nisht be
axnestad to result in lower proteolytis schivity &Ln the
leaves of the treated nlants,

m™h9 reaults of th2 determinations of protsclytic activity
in the stam tissue ahow that tho sstlvity 1s Increased 1n
the treatod rlantas, This incresssd proteolytic activity
Iniicates the nnsalibdility of several abnormal conditlons
oscurring in tie treated stem tissue, If 1t is assuwacd
that the proteins of tne plant are in a state of stoady
bregkdown end resynthesis, the increased nroteclytic ectivity
could te taken to indicate that there 1s &n acounulstion
of protein in the stems of the treatsd plaats. Sell, Luscke,
Taylor and lLsmrier have shown tkat there 1s a ccnsidsrable
rzluction in the gartonydrate content of the stems of
treatsd red kidney bean pnlents tozether with an increase
in nitrozen end arlno aclds and suscsstad at this tine that
the reauced ecarbchydrate conteat is duse to a utilization
of these eomoounds for the synthssls of proteln (12). Tne
possibility exists siso tzat the matasolism of carovohydrstes

1s sltered In somoe way and as a resilt ths protein can not
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be further utilized and tends to accumulate,

Thae nossibllity arlses also that the 1lncreasad protsoe
lytic actifity resultas 1n an acoamulatlon of amine ascilds
and otunspe protelin degradation vroducts ln the trsated shtem
tissuse Ia an éttanpt to clarify tizess possibllities, an
exnharimant was undertaksn on the stom tissue tc separats
ani determina ths nrotein and nonenrvcteln nitrozsn of the
2y4=0 treatsd enid nonetrzated tissue, The nlant material
was extracted with 80 percent etnancl and ths nltro en was
determined in tha ethancl extract,  The nlirogsa remsaining
in the residue was takan to bs dus =rimarily to nrotsin,
The nitro:en soluble in the 5] percent ethancl was egsumad
to be nrimarily cdue to amind &slds and cther soluble products
of protein dsgradaticnes The results of vhls expsrliren

are summarized in Table 5o

EPRLCT QW 2 h-“ICﬁLOEC"&N01 ATHTIC ACTO CN Thid
FITROTAE CONTIND OF Tii S7092 09 R KIONAZ BUAN PLAWES

l"

{(Zxpresssd on a Ary wel:nt basls)

Nonetrsated Trsated
raslicate reslicate
Constitaent 1 2 1 2
Percent
Totsal nitrozan 3.02 3.2!} Ll..él SCCO
Soluble nitrogen 1ok 1.55 1.82 2,10
(80 percent ethanol)

Inscluble nitrosen 1.53 1.69 2.79 2490

*pll nitrozen aetermined oy LJeldanl method
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The results of this experiment Indlcate that the bulk
of tlie increcased nitrozen conitcent of the treatsad stems
appears to be located in the protein fraetion, although
there is sn indication that a small portion of the increase
in nitrogen 1s due to amino aclds eud othex nitrogecnous
productss “he character of the proteln 1n the treated stem
tissuve comparsd to the nonetreated tissus is not known at
the present timeos The work of Sell, Luscke, Taylor and Hamnepr
(12) on the amino ecid composition of the trsated and none
treated stom tissue indicetes that ths composiclon of the
protein in tho treated tiscsue 1s different from that of the
protein in ths nonetreated tlasue,

The differences in the proteclytic activity betwsen
the treated and nonetreated root tissue was not largs

encugh to be of signiflicance,



SUMMARY

l. The protoolybic acilvity of tie leafl, svom and
root tissue of rod kidney boan plants treated with 2,4=die
ciilorophanoxyacetle ecld and noa-trsatsd plants was detare
mined using henmoglienin, glycsylglyclue, Lecystianyldlzly:zine,
Lecystinyldislyoyldi lycinge and culorocacstyleletfyrosine aa
tha suostratag,

26 Yitn hesmoglopin, glyeyizlyclins and Lecystinylile
#lycina as tha substratos, ths nroteolytic activity of =he
nonetreatad lsavea was almost doubls tnat of the treated
leaveos., The actlvity of the treatad stems was almost aouble
tha activity of the nonetrsatad stams and the proteolytie
activity of the treated roots was slihtly lsss than the
nonetreatod rocts,

3¢ Loaf, stam and root tissus did not hydirolyze chloroe
acetylel,etyrosing and Lesystlnyldislyeyldlslycina.

he ¥en ths nitrogen comnonsnts of the treated and
nonetraated stem tlssue wers partially fractionated with
80 parcent ethancl, the major nortion of the incrsasad
nitroxzen content of the treated stums was found in the

insoluhle (nrotein) fraction,
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