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THE ENZYMATIC INACTIVATION OF INDOLE ACETIC ACID.
Il. THE PHYSIOLOGY OF THE ENZYME *

Y. W. Tang aod James Bonner

It MAa MUN sIMwa (Tng and Bonner, 1947)
th«t etiolated pea epkotjb contain aa cnsriue «7«-
tfIM wkich iaacthrates iadole arctic acid (IAA). The
iearthratieB cam W followed citber  the stiuidard
Atrmm teat of Went and Thi&tann (19t7) or bj a
dioaseal awthad eeieg ferric chloride. Siace 1AA
is a —bstaff wiliiril ocrors satnraUj » b”»er
pUats (Lackc rf a<, 1959; Stewart. 19S0; van
Orerfoeek. IMO; Haal{eii-Sait et al., 1941; DandSi-
her, IMJi; Wildnaa ef mt,, 1947) th« IAA'inacti’
rati«kK euurmc v««ld, therefore, appear to possess
phfsinlo|{i® aigaiiraace for the plant. Although
aereral hiireatigalors (iran Overheek, 1985, 1998;
dc Haan aad Gorter, 19M) have suggested this pos-
sihilitr. stiU corrclathM of easrme aetiritv with
physioianical fvnctioa has not fet been accooi'
plished. This paper concerns certain aspcct* of the
phvvio):* of the IAA-inactirating ensjme.

MATcatAi.ji Aicn mkthov*.— Pem $eedlimg$.— The
seedlings oaed for these experiments were grown
from seed of the rariet;. planted in washed
riwr sand eontoined in hats. The seeds were soake<!
(or 2 hr. befMe planting. 'Hic flats were pliired in
a dnrk room ntaiHtained ~ 29*’C. and t~ plants
hanrealMi for ose after approximatelv 7 dajs when
the <¢piftyla had reached a height of em 10-15 cm.
For th« priiduction of etiolated |Jants it Is essential
that nm light be prrmittMi in the room. Even the
weak orange light oaed in 4rt»0 dark rnoms causes
appreciable inhibitioii of growth of peas. All sub-
sequent opcrattona snch as grinding of the tissue,
ftltration, centrifugation etc. were carried out In a
cold roou at 0*C.

[Jr<ersiiealie* of |A A —The colorimetric method

" Mecri'fd for peWleetk* April i. If4S.

ojted ior the determination of IAA has been de>
ecHbed in detail elsewhere (Tang aod Bonner,
1947). It is based on the reaction of IAA with
ferric chloride in concentrated HjS04 to form a
typical pink color which maj be determined bv
goAntitatiTe colorhnetry. The ferric chloride rea-
grnt contains: ]S cc, of 0,5 M FeCla, 500 cc. dis-
tilled water, 900 cc. of H2SO4, sp. gr. 1.94. To t
ce. of the sam|"e containing 5-100 ©" of IAA are
added 9 cc. of rea”nt The color is allowed to de-
velop for 90 min. and is then determined in a photo-
electric colorimeter.

The iNHiarroa or thb IAAMKACrtvATINO kn-
XYMB—The esittente of the iukAitor—In pre-
liminary eiperiments cmicemed wiUi porificatioi it
was found that the IAA-inactivating enayme is in
some way activated by acetone preeipitatioa since
the acetone precipHat® material contains approxi-
mately 20 per cent more total activity than t~ ini-
tial pea juice. This result could be interpreted as
indicating the presence of si“iue materi® in t*
whole (irotoplasm which partially masks the activity
of the IAA-inactivating enayme.

In order to demonstrate the presence of an in*
hibitor of the IAA-inactivating enayme, an ex-
periment was fet up as follow.”: Fifty cc. of wholf
protoplasm was boiled for 5 min., filtered, and th*
filtrate concentrated to 15 cc., the concentrated fil-
trate representing 90 g. of fresh eticJated pea epi-
cotyls. Five ce. of this preparation were added to
15 cc. of buffer solution containing purified ensymt'
representing .10 g. of fresh etiolated pea eplcotyl**
The reaction mixture further contain” 900 /tg. of
IAA. As a control, 5 cc. of distilled water was used
in pla>e of the coitcentrated heat stable filtrate.
.Samples were removed after incubation at S5*C.



Tabu I. r*« yrt— x /e »xh mMt

ittUbUInf ik» nrtirilf »f IMA-hmelftmthp MsjriM. Tm atf

ee. rmtitom fB $Jt, wimtmlahf pmH/M rffr*o*mtimf iO f. ~ ff~
Opieolph.
IAA
Incubation « pffotsdsd
tine In IAA added |AA recovered % Inhibi- perf.tiIMns*
Condition hour* A tion
Riurroe -f imffer (rontrol). ...cccoooviininnns 0 aoo m
1 101
«T
hruyinr -f buffer + fUtrste of boilfd pro-
toplsSSin v, 900 m L«
1 m «J T
s ttt 5M CJ

*Ttdt cdiitun rcfert to the amovnt of IAA protected
fhr inbfMtor prrp«nth>n.

for 0. 1and 8 hr. and the an>ount« of IAA rvtnain-
mK io th« reAction miiture determined eolorimetri'
laJly. 'Fhe rr«ults are preMitted in taUe 1. In the
preKeace of the beat staUe filtrate the atnoant of
IAA destroyed was reduccd bv 87.5 per cent after
1 hr. incubation, and by 55.4 per cent after 8 hr.
as compared to the control in which no filtrate was
added. It is clear that whole protoplasm contains
an inhibitor which greatly reduces the eniymatic
inactivation of IAA. This inhibitor may be remored
by acetone precipitation of the ensyme. In no caae
did a secoi™ precipitation result in any further
separathm of eaxyme from inhibitor.

StmbilUg of the enMffme’inkihitor cmmples—It is
of interest to know whether the factor which in-
hibits IAA destruction is capable of irreversibly
combining with the ensyme. The fdiWing expert-
ment was performed to test tiiis point. To 60 cc. of
whole epicotyl juice were added 15 cc. of a con>
centrated inhibitor solutimi which had been pre>
pared from dried green pea seedlings. It will be
shown later tiiat snch material is a ri” source of
inhibitor. The mixture was allowed to stand at S5”C.
for 15 min. As a control, 15 cc. of distilleci water
was used instead of inhibitor. In both cases, the
protoplainn was precipitated by 83 cc. of acetone,
centrifuged, and then the precipitate suspended in
8A ce. of pbosphate-citrate buffer, pH 6.6. After
centrifuging th« suspension, the supernatant was
decanted a * the preripitate tested for IAA Inacti-
vation activity. At the same time, the ability of the
extract of green seedlings to prodoce inhibition of
the inactivating entymr was tested by adding con-
centrated inhibitor to an enayme preparation pre-
viously purified with acetone. All incubations were
carried out in 20 cc. of phosphate-citrate buffer,
pH 6.6, at 28*C* Samples were removed after 0 awl
8 hr. »nd the amoonts of IAA determined colori-
metrically.

Table 2 summarises the results obtained from
this rxperimenf. The daU show that the presence
of inhibitor in the reaction mixture resulto in almost
complete inhibition of tl»e IAA-inactivating ensyme
bnt H is also shown that the added inhibitor can be

from dettraction per f. fmh wHfht tlanr rfpw wit«<

almost completely separated from the enayma kf
one acetone precipitation. These facts indiente that
the inhfl>itor is neither capable of destroying tha
ensyme nor of combinifu with the ensyme lo f«m
a stable complex.

Tabu 3 of formatitn 0/ ® tompitm #a tia
IAA ktMtkmtimf «axjHn« olml liU imktbk or «f CKi

O»zpmt. IWaty SC. rtmtUtm mkrtmr*, fB it €.
JKtujrsM f f parartsa rsprsssaliaf 90 . fr*tk fm
»fteotfh. Imeubmttam Mm 8 hr.
IAA IAA %
added raeovered taMW-
*  Condltioa M- tlsn
Acrtonc pariiwd easyme.. .. 900 34
Acetone purlAed ensyme -h
INNIDILOT v 990 99J
Acetone purlfled ensyme-
InMbltor compifx ......... .. 900 99 t.8

Nmture of tftc enggme”inkthiUtrtibttrmit
lioa.— It is of interest to determine whctWr the
niturally occurring Inhibitor of IAA fawcthruHeB
acts as a substrate competitor or whether its aette
u non competitive. It is possible to distingnish ba>
twcen these two types of inhibition on the basis a#
a treatment propoMd by Lineweaver and Bnfil
(1D84). Data for this treatment coasisl of
initial reaction velocity in the presefwe -nt a
of substrste concentrations, at ea” of two ar
inhibitor concentrations. Dna to the nataia of
ensyme-substrate reaction (Ltaeweater and Baak,
1984) the curves relating tW reeipfoeal of tim Ini-
tial velocity and the recipraeal of the snhstmte aaih
centrstion are strai”™t lines with interoapta mt Ika
velocity axis. Each Inhtt>itor coneentrstise yiM a ¢
separate strai” Ibie. In enae of nompttHIni
tion, the intercept retnatau consUBt vhfc tht difn
of the curve is increased with lacreasIBf
concentration whereas In the ensa af
tive inhibition the slopes rtmshi nnifs
intercepts are increased.



For thu czperianent, three rondHkMM wrre act of».
An acrtonf paritiMi ensyme, i« tmeh imUocr r«prr-
senting 84 g. of frrah pra cpicotjls, was added to
SO cc. pbos™ate-dtratc boffer. 6.6, cootaining
250. 500, ajid 1000 ftg. of IAA, and incubated at
25*C. Sacapiea were removed after 0 a” 15 min.
and IAA diaappearance naeasured cdorimetriraUj.
In arotbrr aeries 0.5 cc. inhibitor solution repreaent-
<nir 5 oir> drr weight of green pea aeedtings was
added. In aiMther aeries the amount of inhibitor
V™** jarreased to 1.0 ce. In all cases, additions were
made in such a way that the volume and molarity

Fig. 1-t*Flg. 1 (above). Naocempetlthre nature of
the hiUMtisB of indale aeetle add tatactlvating cnsjrDc by
InhMtor fffOB graoi pea asedUnft. A. No Inhibitor
added. B. 0.5 ce. laMhKnr preparatkm added. C 1.0 ce.
hyMtor prrparstkm added.

Pig. 8 (Mow). Bflcct of innminatinn on faidoleacetk
aeid iWstrnjlag tmtjmt md laayan inhMtor contcnt o<
pea soedlkigs. A. Bffaet of on IAA iaaetlvating
tmfme. IAA InactlTittod per gram fresh weight of
cpfeotylB. B. Effyet of Hght an InMhlter. IAA protoeted
fron inhfMtkHi per graa frsah weight of cpfe”ls.

of the buffer remained constant. The reaolts of thi
experiment are plotted according to the dhvctimiii
given by Umbreit et al. (1945).

When the reciprocal of the velod” eonstaat is
plotted against the reciprocal of the rabatrate con-
centration at three different coocentrattons of tub-
strate and two coocentratioos of inhibitor® it is
evident that the Intercepts of tiie throe cArret are
different (ffg. 1). while the slopes of the corves are
essentially cqo”. It can be conrinded that
action of the inhibitor on the pea eniyme Is not
eompetHive.

DinmiouTioN or bitzymk in btiolatbo aim
onBiiv PBAs—EtioUted pro ttedimg*—In all the
preceding experiments, whole epicotyls were oaed
as the source of enayme. In order to ttndy the en-
ayme distribution in the plant, I-week-<dd pen seed-
lings were separated into epicoCyl, terminal bod,
root and cotyledons. The fre® wei|*t of eadi part
was detennined before extraction of the entyme.
Each part was ground with distilled water in a
blendor. Forty cc. of whole protoplasm represent-
ing each part was then precipitated by 16 cc. of
acetone Mid after centrifugation the precipitates
were resuspended in 30 cc. of pfaoapliate-eHrate
buffer, pH 6.6, for 80 min. After reoentrifugntion,
the clear supernatant was decanted and used as the
enmrme preparation. Ten cc. of this supernatant
were added to 10 cc. of water containing MO /ig.
IAA. Samples were removed after 0 and | hr. of
incnbatiMi at 25*C., the ensymatic reaction was
checked by boiling the sample for 5 min., and the
amount of IAA remaining determined colorimetri*
aally. Table 8 shows that root tissue of etiolatod
pea seedlings is the ridiest source of inactivating
enayme, that cotyledmis also contain the enayme
but in a lesser quantity, and no activity is found in
the huds.

Emsgme mmd inkUHtor emtnU of fern seeds.—
The experiment of table 9 shows that the cotyledons
of ger®natnd seeds contain the IAA-Inactivating
eniyme. It would be of interest to teat whether ni
germinated aeeda contain thia enayme. One hundred
g. of pea seeds were soaked in distilled water over
night, and then ground in the bkndor. The milky
joice obtained was subjected to centrifuging and
the supernatant th”n precipitated with acetone.
Pbosphate”rate httffer, pH 6.6, was osed to sus-
pend the precipitate. A ~r centrifuging, the clear
solution was juod as the enayme for tite activity
teat. To 10 cc. of the ensymt, equal to 15 g. of fresh
pea seeds, were added 10 ce. of IAA aolotioa eon-
taining 800 fig. Ten ce. of distilled waler wevc oaad
instead of in the eiNitrot Samfdoa were col-
lected after 0, 1, 8, and A hr. inenbatlQa and Ibe
IAA in eadi sam|® was determteed colorisnetri-
cally. Sununariaed results are giren in t"le 4.
showing that the concentration of IAA remaim
constant eren after 5 hr. incubation. This indicates
that resting seeds are devoid of IAA-inactiveting
eniyme.

To test for the presence of the inhibitor, tfie
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WhE'relation of metaprloem to the types of vascular bundles |,

N , . I N the monocotyledoneae »
A Ternon |. Chcadle ancfNatalie Whitford U » A
Titis m m  seeand af two papers m vaacolar Matk«iau Ain UTHopa.—AvaflaUe parla af

hnafc inthe Manacstyhdsnsse. Six typcf ~f raa-
calat hmidka ware dcfarl and igwed In the firat
paper {Chcadle aad UU, ia preaa) and were dia-
anaaad in talalian to the ekmwits in the late m~ia-
xylaaa.

A brief deacriptioa of the aiz typea of bondlcs
faOowa. Type 1 is chararteriaed hj late a»etaxylem
alamcala th” are all rafrer aisi®ar in aiae and
which meet the phlaem along a straight or alightly
enrrad line. Type Il baa a V-ah”i® zylem area
with'aevcral larger elementa In the arma of the V.
Typea 1A and I11B are featared by the preaence
afaain” la” elementan earii aide (or wing) of
the handle, bat in 111B tIM zylem generally meeta
the phloem along a more earring line which may
alaaoat be V>ahapied in same handles, Type IV liu
a larga deawst in the center, and type V ia the
ampl~aaal form. The eridcnce preaented in the
firat paper indiratea that type | is priaiitire and
that it baa given riae phylogeneticalUy to type 11
aad that ia tan to I11B, either dira™y or
throagh type IH1A. Type I1IA may hare ariaea di-
rectly from type 1. Type IV waa derived phylo-
genetically fram type I, «id type V may "Te
arisca aeparatcly from aay ane of the other five
typea.

The objaetive of the preaent paper is to aacertain
whether the phylagenetic apedaliaation of the
metaphlaem can Iw correlated with the phylogenetic
spectaliaation of boadle form as determini”™ by evi-
denee derived fram the metazylem elementa.

The Uteratare ia scanty and generally net perti-
nent to the preaent paper. Neceaaary refereneea to
the liCeratata will ha made thruaghoat the paper.

1R<«Hv«d for paMIratkm April ft. IMS.

the aboot ayatem of >16 apeefea la 188 geoera of M

famlUet aa defined bj Hoteblnaai (19M) were la*
reatigated. The famiUea and the aoabera af feaera

and apeciea iareatigated ghren in the prerknu paper

(Cheadle and Ubt, in preaa) are appfoifaaat” the

«ame aa thoae otiliaed in the present atndj and

therefore need not be tabolated again. The t940
additkmal families are the Dioacateaceae and Zoa-.
teraeceae. The data were obtained from the aaaw
preparatioaa used for the itndy of the metaxyleM

diaenaaed in the irat of the two papera on bnnd”.

OaanTATioNa amo maccaaioir—It waa pateked
ont in the eariier paper that the alx handle forna
were deftned on the baait of the appearance of tha
metaiylem in croaa aection aad that the appearaaet
of the phloem in t'ach of tlieae handle forma woald
be'eonakWred later. The handle types aa originally
defined, therefore, will be oaed in the preaent di«
enaaion of phloem.

The fact that \ht phloem may have a diaraetef*
iatie appearance in croaa aection waa firat naiad in
men”rs of the Oramineae. The well-known regu-
lar arrai“cment of aieve taht» and companion eclU
in com ia mofe or leaa typical for the atema of tha
graaacs. Other membera of the Monocotyledonrao
were then examined and iht fddoem areaa w«ra
crentaally aeparated into three categoriea, bax”
apon the arrangement and variationa in aiae of t)ic
elementa of the metaphloem aa aeen in croaa aecti<(W
The arrangement firat noted In the graaaea waa dc*
fined aa “r*pdar" and ia characterised by aimilaritf
In rise af the * re t™ies In the metaf*loem and Hy
the ordcriy occarrence of companion cells (fig. 1)
The arrangement characterised by diaaimilar sisrs
of Mere tubes and by the lack of any caaily recog*



mjaw* s. |>ittHbmtiom of 'wjwm tm ««MbM f*m mtMmat. Tm ntf Wy A\VUPAIAW wW$
conttimimg 900 p$. 1JA, U*0.
Flewhwt (*.) IAA 1AA
oftiMacMMi IAA
forraajroMS added raM * 0tVmm
Plant organ ptcparatloa ftg. Ihr.

KOOES eereeeeesee e i*j ano a
Kplcotyb ....... SS.0 «X> 900 m m M
Cotyledotm atJt 300 a00 tn tm S4
BUud® ... 9.4 aoo ano
origiaal milkj juice obtained in tbe previoa* experi- ajme, they Bereitteleaa contain « MHIliMalli

ment wu boiM for S min. Mid Altered, the Citrate
being oaed aa the iahiHitor preparation. To 10 cc.
of an acetone poriiied ensyme preparation fram pea
epicotjrla were added 5 cr. of a amotion containing
300 fig. of IAA and 9.5 cc. or 5 ce. of inhibitor. Aa
a control, S.8 ee. or 5 cc. of diatiUed water were
subatitnteid for the boiled pea aeed extract. The total

Tablx 4. Tkt a6*MM* ¢/ L4A-4mmeHimtUf MtyaM <a
u»ftrmkmU4 m IWnly ee remetfim aila-
tnre, fH 9M tS'C.

Incuba- IAA IAA
tiontime  added racpvcred
ConditiMi in hours »Ko
Ensyaw + bafcr.... 0 0
1 0
a 0
S 0
E«iy»e 0 900 910
1 9uUo
S alo
S 910

Tolnaae Of the reaction mixtue waa a"jnated t« SO
cc. Sampka were rcmored after 0 and 8 hr. of inen-
bation, and the IAA detemiBed coloriB.etricall]r.
The icanlta of thia experimeBt are given in table 8.
A Dboiled extract e<Joal to 7.8 s. of pea teeda coaa-
plctelj inhibited the |A A-faia®atin* enajme while
ooe-half of thia gnantity canaed SO per cent inhibi-
tion. It can be eoaclnded that while the pea aeeda
apparently do not contain the IAA-inactlTating en-

amoont of the iahiUtotj farter.

IAA~immetivatmf emsffwte in gnen ptm indlIfcifi.
—Thua far the actirl® of tbe IAA-liiacthraltav
enayne ha* been studied in etioUted paa imilHiy
The rdatiaaa of the Inaetivaling eaijBa la
grown pea seedlings will nest be rsnsywrd. fm
seeds were germinated in -rnsfeed river saad m i
grown in aa alr-eoadMaaed grunnhiinaa at m'tmm-
tinaoos temperatare of M*F. for 10 dajra. Sis h«»>
dred g. of fresh gieea pea ahoots thaa abtalaai wmt
blended with diatilkd”™ water, the Jalee fHend, aaff
precipitated with acetone. Plwaphata citrate baSar,
pH «.< waa aaed to saapend the precipitate ab>
tained. The dear saspeasion obtal”® after c«a-
trifugation was ased aa the eaayaw ptaparaltea. A
samf” of whole protoplasai or of aeetaae parliad
ensTBie eqaal to S8 g. of fieah green pea ahaali waa
incabated with 800 ftg. «f IAA oontalned th M w.
of phosphate-«itrate baffer, pH «.<. Saasplea wave
removed after O, 1, and 8 hr. IneahattaB at tS*C.
The colorimetric method waa nsed for IAA dater-
mfamUon. The resalU aw presented is tahk C Ka
IAA-inMaUng activity was foand te whole pro-
toplasm, and aaly a very aaiall aaoant la pwte
plasm pariSed by aeeteae precipitation. Sinea
shown previooaly in tabb S lke inhfciter af Ika
IAA-inaetivatiBg ettiynie la abaost quantitatively
reasoved 1" a sia”™ aretaas predpitatleB, tka®W
sidts of the preseat espettewat sanr** tIM*
laactlvating enayme is esaentially absent fvoM (saaa
pea epieotyia. .

IMbiior soafeal af badb and stoaM af fMm paa

TAau *. ImUUUr emOent *f mmenrinmtei_ptm *«adi. Ttcemtf ee. reveMemmMmfe, fS «/2. M*C. Jeetame prei

emfme «f«al $ 90 f. ef pam epleetfk.

CoMuiltiso

*

. 8
B ag” + buffer + M *e. bsOsd psa ear *

«l N

Enzyme + buffer + * ee. bsOsd

meee.O0f imhAUer (M M »eed) smirwft eMle iJ & of pm aiaii.

1AA IAA 1AA
| * I laJ«sa
aoo 900
m «e®
90* 8M . o? Xy
m Ui
* 900 aoa

ma °



—Ahhwmft m a*fwa la Uble 6 “em pea
ce«dlte|Ei coatain n*ifibk aiwM > «f IAAMMcti-
Tatiag eesyWi tlwy are « HA ac«rce of Irtibitor
«a vin be simwb tai Ote f9<lowtaf experineate.

Tablb i. iA4 iamtHmtiug «acf«i# Of frwa pMi

IWwly 9t. rmH i9m mirnimn, pH Mi*C.
IAA
lacaha- IAA IAA iaacthrated
tioa added reopvered per g.tteaac
Cpwtfaa Iwan HI-
'Whoit prot»-
.......... . 900 9U
MS .
S MS 0
Aflrtaae parMM
eaarvw ... 0 aoo iM
1. «T0 0.0
8 m

Stty™ were nenninated in (UrkikM for 4 dayn
Mid tW« tranaferred into the greenliotuc for anoiltcr
9doj*. The fcarvcctod aetfdltofp were separated Into
boda aad atena. and eadi portioQ blead” with dia*
tilled water. The jniee thaa obtained was boiled,
ClleTcd« aad the filtrate naed aa the inhibitor prepa-
ratiaa. To 10 ec. of aa acetWKp purified enayme
aulutiatt, icpreaentiait 18 g. of fre”™ etiolated pirn
epiootyla, were added 7.5 ee. of a aolntion contain-
lag MO lig. of IAA, and S.9 ee. of the boiled juice
fiaai green peaa. Two aad oae-half ec. of diatilled
water mre aaed iaatead of iirfUbitor prg>aratioa
for a eoatroL Saaal4ea were mnored after incnba-
tiea at SS*C. for 30 aad 180 min. In taUe 7 are
pieacated the reaalta of thia experiment which ahow
dHU bttda of green pea aeedUnga are a richer aoorce
of the inhibitor thaa tbe atema.

It ia mtereatiag to note that in both green and
etialated pea aeedUaga, the boda cootain much
laf*er aaaaafta of iahihitor thaa tte atema. When
the bada aad epfcotyb of green aad eti<“ated pea

Ta«w 7. /afcatftr o/ bmd* »t*m» o/

liitilwtor
locabatloa hiterns of
tfawfa fresh wt.
Cmdrnm adaalcv (It-)
............................... 0
80
180
Faayf -r er.of la-
e MMfear trtm bad” — 0 osr
e}
IM
Eiwyi + oe. of in*
tifcitai fy«m atsma-— oTT

pen tMdVtef*.
of MAA, fH $j$, MS*C. AetUm* pmrifltd tnxfmo

aeedliagi am coaspared, iLla fuuad that greea
contain nearly three tiaMr more Iwhtbttnr
etiolaled peak on a fterh we%ht hnaia. 1

A more directly gaantitaUve experhatai fat
pariaon of the iahibttor content of etiolated and
greea pea aeedlinga waa made aa follow*. Eptcatylii.
from green or eti“ated pea aeedlinga were drted at
70*C. in a forced draft oven for 48 hr. aad were
then ground in a Wiley mill. Two g. of the powder
were extracted by refinxing with 100 ce. of dirtlUtd
water for | hr. ™eae extracta were filtered a * the
ftitratea concentrated to 90 cc. To 10 cc. of acetone
purified enayme were added 5 cc. of a sdotkm cen-
t*ining 800 fig. of 1AA, and 8.3 cc. or 5 cc. of the
inhibitor, the final rojame of the reaction mixlure
being adjuated to a total of 20 ce. by additioB of
diatdied water. Samf*ea were remored after 0 and
8 hr. incabatioi* and IAA determined colorimetri-
cally. Table 8 ahowa that green pea aeedlinga con-
tain aeTeral times more inhibitor than etiolated pea
aeedlinga.

ErrKcm or Lioirr on thx iAA-IMACTtATIN» an®
XTMK arfriM Or btiotatbd pxa axiDUKoa.—Ihe
experiments of this sectioa will consider the eflSect
of li|*t on the aaMonts of IAA-inactiTating enayme
and inhiUtor present in an etiolated seedling. Pea
seedlings were grown in total darkness for 4 days.
At this iin>e tbe plants were divided into lota uid
one lot given 12 hr. of diffase dayli|*t per day far
a farther 8-day growth period. A forther lot re-
ceived 12 hr. of light on the final seventh day, one
lot received 4 hr. of light on the final day, and one
lot remained in total darhneaa. Thus all pJanta were
of tbe same age, 7 days, when harvested. The
amoonta of I*>inactlvating enayme and of ir*
..ibitor were determined aa in previooa experimenta
the enayme witK acetone precipitated material aarf
the inhibitor in boiled wMe protoplaam. The re-
sults of thia experiment are given graphically ii
«g.*. It can be seen that there is a nearly lineal
relationahip between the duration of irradiation m
tbe plant and the amount of inhibitor recvvered

ee. rMelioa mUtmrt tomtalmimf 900 «i|
18 f. of frttk tMmUJ fpiroly/*.

IAA prv-
reatcd fraw
enajrttatlc ia

IAA IAA IAA activation pr
*Med recovered Inactivated g. fresh wt
H> Hr- Mf-
800 900
IM no
- 198 w
900 900
900* 0
M T iU
300 IM
Mi Ss

14» $



%o IMFL TANS Alt* MJfJI

\I'hilc the Klationilifp betw«ea thoe of iiTMhalioa
and the unoaiit Of tntjme M uvttj is sat tkople,
ftill longer perioda of iUamiitetloa canae a demaae

in aoMNUit of JAA-iaactirattiif aetMtjr toamd im
tlie Uuoe.

T«M R Compmntdv« fmJMUor roa««BlraliMM fa fr»m

ami »tMmt0d TwOutf ar. rnirn-
tmr*. pH «8. Je»tou0 prfHfUulrd MfaM (M f.
frtth fM imebrom M# 3 kr. O te.

of imkthitor refrtmmit QX f. iff wftfkt »f pm
tttdlimft.

I1AA
IAA recovered %
Addition to the added HI- Inhibi-
rr«rtyon mixtarr «e 0 Shr. tlon
300 9S8 AS
Inhibitor of green pea
serdlinf*
900 ilM TtJ
900 ns art
Inhibitor of etiolated pea
meediinp
900 900 80 11.3
900 MS im riA
laa-inactivatimo BMZYiia trrrKif ih VLAImM

oTHBB THAM PEA*—[AA-mmctivmtmg e*Mgwu.—
The IAA-inactiTating cnajme is found in plaaU
other than etiolated peat. For thia inveatigation,
rabba”, lettuce, carrot, spinach and Avemm were
uaed aa moorrea. One handled and tfty g. frcah
weight of carrot root and of the inside leavea of
cabbage and lettuce were separately ground with
100 cc. of distilled water in the blen”r and fil-
tered. One hnndred and ninetjr cc. of the filtered
juice were obtained from lettuce, 170 cc. from cab-
bage and 100 cr. from carrot. In each eaae the
fresh tissue was blended wiUi wateay filtered free
of cell walls etc., and 40 ce. of the filtered juice
precipiUted with 16 cc. of acetone. The precipitate
remored bj centrifugations was resuspendd in
pbospihate'citratc bnlfer, 6.6, recentrifnged and
the dear supernatant used as the ensyue prepara-
tion. Ten cc. of enajme solution prepared fnm each
source were added to 10 cc. of a solution containing
:J0O fig. of IAA. Samples were remored after incu-
I'ation at 2»*C. for 0 and ¢ hr. (in the caae of sphi-
ich and Avemm, 4 hr.) and the residual IAA d”r-
»iined cohrhaetriemllj. In taWe 9 are snmmariaed
results which show that while aeltber carrot, let-
tuce nor spinach leaf contains the IAA-inactirating
<nsjmc still actiritj was found in spinach roots and
<t both coleoptiles and roots of etiolated Avrms
"Stings. Cabbage leaves contained a rerj low
'rtivity. That spinach leares are unable to inacti-
'itc even small amounts of IAA was also demon-
trated by following the amount of residual 1AA
“ctivitT with the Avrma test in which it was poa-
'iblc to follow the fate of as little as J.O X

f IAA per cc. of reaction mixture.

MurmATttrw or w m u Acmrm >

inkiUttr eeHt#et—Fm lk»
KBftM C « M «f |<MI> IkM ~
ofcxperIM ItPmtetlH fM ft. laaartMiv
ph~hied eeU-fne Jaiec MteMb i
solT«d la water, boOad, UtaM iaH Ilka
aa the tahlUlor pgepttaUcm. la At'eav af
10-day-old seedUngs were ewt iM«a
optika (atth attsaaa”la) aad »nim |
with distilled water. The edl~hm Jtdm war
and the filtrate free fraai deaatawJ p
uaed aa the inhihftor preparatiaa. 1V
experimenU were carried oat with jHMiy
ayaw preparatioa at etiotated pea eplee<”lfc
cc. of eaajnl disaolved in baser anid reptu
40 g. of fresh tiaaoe, 10 ee. IAA aalatiaa
aoo fig. mni inhibitor fiwa the jMfeiaat
were added aa indicated la table 10. la
demo”rate the preaeace of fnhttHar la
cabbage and carrot, the nperhM at of aeilea
performed. In cach caae, S oe. af boflei whal
toplasm were filtered aad the filtrate miiad.
acetone precipkted preparatioa repteaawMaf
of etiolated pea epi”yla. DiatfDed water
inhibilor dilution for the control la
reaction mixtures were incuhated at S9*C. i
pies were remored after 0 and *0 ate. la
are summariaed reaults showing that aO
and tiasues inrestigBted cooteia the factor
inhibits the enaymatic inactirattea at IAA.

TABbDrt. iAA iaa»«eoHay smtfwit of fimt» tUttr
Mail fMU. TWMIjr ar. «/ rsaeVa laMars, pV MI
S5*C. BampIm «f easjraM syoal U 19 f. tf fn A It$-

i7 f.af «a**at, tti g. aarraL,Mf. fmA"
»ytaaii> rsal, 7 #. af if tmntk laaas™ 9 f, tf
rouU aad tJ f. of Aumt*
i 1. W
IAA
laartlaahal
. Incaba- IAA IAA parl.at
tioi rsrai laactt-
Soareeof? UaK oted ratad par hr.
easjfce kr. | *
Lettoee.......... m
S m oo |
CahbaiK ......... 'm .00 aa
S m « J
Carrot........... m .
m
Spinadi
Ma s
4 MO m 13
na , o,
Mwaa
coleoptiles .. m .
4 m im
m u 9S

E kXTMATIC IWACTIYATIOa 0» IAA IV TITO.---"TW
IAA-inactiratlag eaxyiae thaa fw dtacoaaed haa
been demoaatratcd by ta VHro prepariCiaM. It
mains to be dcoioaatrated that thto MMa IAA.



4TV . AmaicAir nvtuKAi. or cotmmt
Tm>* Ui ImUUhr tmim| mf pitmt* Hittr Mm fM«. fwiUf «. rMc/ies es<«««», pB £jl,
U A, »S*C.
O .froliwt. IA AN
ofttonw waM fro”
m Mcdfor IAA iMMttvalias
O If «HIIl «# NMtiM iahOitor recorctrd IAA perg.mf
prcpM«tiMi 0 aOsIB. twrnktkmm
»é PE- <<
CHEIIM .o aoo U 144 XYy
paiMari cMfM -f 4 cc. of
ir of d9ntm twte.................. U 900 IM 101 ot.7
PWKml cfiy t + « ce. of
mt Awma eobuptllct............ 1S 900 m A 100J
uMai f iyt -f 4 er. of
«fiptefti Im«cs.ininnene. 9.1 900 M7 IS
B. 3ff4 178 lie
+ S ce of
ml ttkkm tit..........cccoeene 44 9on m
uMM CMywr + 5 w. of
Mt CKNOT.eieeee e 73 M4 300
pvrttrd t—y w + S cc. of
» 0f THtaCe .coovervrrrirerierenns S.* 900 in

taMctfraknig mctioa actoallj takes place in vivo
mad is aot for ezanple prodncrd bj wounding the
tlnae. IV u Fiedler (1936), among others, has sog-
geated tkat aoxin inactiration maj occur mainly at
eiit aarfacca and baa shown that in particular in-
etaaees the disappearance of auxin can be lar|{elj
picTcated bj eoatiog the cut surface of roots with
gdatia or laaolia. The experimenU described be-
low suggest, howerer, that the present auxin inacti-
ratJag easyme ma.r be acting e« vivo.

Pea seeds were germinat”® -in Petri dishes in
light «r in darfc. When the seedlings were T days
aid, thej were immersed in a solution of IAA, 100
mg./L, and Tacvnm infiltrated The infiltrated seed-
lii™ wen thoroughly washed with distilled water
and then placed with tJieir roots in fresh distilled
water at 85*C. Batches of twenty infiltrated seed-

were remored after a furt®r 0, 1, or 4 hr..

The epicotyls were then removed from cotyledons
pins roots and used for the determination of the
residual anxin after being dried in an oren at 70*C.
The auxin was then extracted from the tissue with
distilled ether and IAA determined in the extracts
hr the standard .4venm test (Went and Thimann,
1937). Table Il smnmariaes the results of this in-
filtration experiasent and shows that added IAA
rairidly dncicaaes with time in etiolated seedlings,
the rcdnction being S8.S per cent within 1 hr.,
M jO per reat in 4 hr., whereas the added IAA re-
maina nearly intact in green pea seedlings.
Histocheariaal eriiemee alao indicates that IAA-
inactivation occnrs is rino. W”en etiolated pea
sewfliags are intfltrated they become traaspafcot.
If the saperfieial IAA Is remored by washing the
aeeSiags and FeCls-HsSO” reagent is immedi-
ately iafitratcd iato the tiasoe, the characteristic
color given by IAA in the presence of this reagent
develops at eaee. if the IAA infiltrated seedlings

are allowed to stsnd for 1-8 hr. before spplicatioa
of the reagent little or no color develops indicating
that IAA has been inactivated by the living tissue.

These two types of experiments indicate, there-
fore, that IAA is inactivated in living tissues erea
in tlir absence of cut turfmccn or other injury. Since
thi« disappearance of IAA is correlated with the
presence of the ensyme, it may be concluded that
the auxin inactivating ensyme is active in the intact
plant.

Discussion—The foregoing experiments have
brought out the fact that an ensyme capable of
inactivating IAA is found in the tissues of a num-
ber of species of plants. In particular, the tissues of
etiolated seedlings are highly active, while tissue
of similar seedlings grown in the light contain either
much less ensyme or none at all. The ensyme is
absent from green leaves thus far investiga” but
is found in roots of etiolated and green plants alike.
An inhibitor of the ensyme is found in plant tissue
and the distribotion of the inhibitor is roughly the
converse of that of the enayme being found in hijrb
concentration in tissues poor in ensyme and W\

Tmls Il. Inaeth>Ulom «/ IAA WMrft kmt b«a imlUtrmtf*
tmto imtaei ttMmttd or grttn Amri*
tUuttrmiiMd bf Avosm Iml »m tthrr *»trmet»d drf
tamfUs of tfiertfU omif.

likwhbation

fconditioB of pea tiNM after Deftrcc>
egedliacs inflHration earvatarr
Etiolated.......ccoovvvenennen. .0 £ 007
| hr. IA + 017
i hr. 0j £ on«
41 + 0)<
1 hr. 7.0 H O.M

4 hr. M *
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viM Wk«t them k tbc pkjiiolojical itfitiiM ii
of the IAA-lwwthretlef e—y e ? la lke ftnl ffee*
we mmj amom on tlw batfa of the eiperiweta la>
TolHaf IAA lailtrctioB of teUet McdUaft tkat tke
ensTM doM MtMUj faactioa In Uriaf uaii®vcd
tisfoe. Tho* tile IAA-ia*ctiTatiag; coaye omj be
expected to porticlpole In eazia meUboHi of the
etiototed p 1™ hy iMctiratiiig evxia, wbfle in the
green parto of freen pUnU no mcb iaactlvatfoB
would he anticipiited. It U Mrtaolly tbe eUoUted
plftDt bowerer which tbowa wbot might be comtrued
ss typteou of biffa anzin content, e.g., bjperelon-
pkthan, «v. The resolution of this poro”x it not jet
obrknif hot tbe foUowinf coMiderotiom are applka-
ble. In general, etiolated i*nts contain hi*Mr kveli
of free anin than comparable light grown green
plants (Oppenoortb, 1941; I"twen, 1M4; Gnstaf-
son, 1946; McllTaine aud Popp, 1940) although this
isnot invariablj tme. On tbe contrarj li™t is esaen-
tial to the continoed formation of auxin as measared
by diffusion (Tbimann and Slu>og, 1988, 1984;
NaTca, 1988; ran Orerbeek, 1986). It would there-
fore seem ™ |t light plajrs at least two nrfes in auxin
metabolism; it increaaes auxin production but it
most also increase destruction. Auxin destruction
bj light has been noted bj manj inTestigators be-
ginning with Went (1928) and tbe subject has been
review” hj Oppenoortb (1941). Oppenoorth has
additionally separated the infnence of light oa
auxin production from that on auxin inactiTatioa in
tbe eoleoptile, the latter being tbe dominant
reaction at low intensity and the former the domi*
nant reactigp at hi” intensities. A third fmctor
poMiblr of great importance in etiolation is that
rtiolat” tissues frequentlj show a greater response
to auxin than comparaUe tissue from li|*t grown
plants, as has been shown hj ran Orerbe” (1986)
with Rmpkmmm™*. In summary, in tbe oticdated plant
lif~t inactivatioo of auxin does not take place. The
extent of li~t inactivation in green tism it not
known but must be considerate since li|*t gruwn
plants despite larger auxin production have in gen>

TAM Air*Boimae—aiAcmA-ne* e» w m u auih)ac»

oral lam attia Mteate tkm ciMatid A
paotMa rala fat the aasia trnrntmtkif mmfwm tf
ftialtte®” Ustae M T iit to aafcH ai” «!le «ml«

aeleally feeid,e n It,wltheel * e w yee
tHditeJ p li® aioaid priiM itl/ wMMtmMmM — a
iympl— i Wi aasta tarplaa.

dm pMoMt lal* of tka ania -iMMIlv«Ik|f
eymt it tagpMled by Ike pranini of 1bt mrwria
in raoU. giawtk it iakibllad by aniH (N il-
sea, IMO; Xigl Hal, 1M4) and «p *d ante li
lapidly destroyed by rotit {Ttdkf, 1tiit Faktr,
1986). The aaxla laacttrali® easyme fkm m
as a proteelHe aifiktnif 1~ wWek lka teUkM af
effect of aazia aa root growth It kepi ata tMImtm,

Etiolated pea eontala aa oa”aa wkitk
inacttrates indole acetic arid (IAA). la bm tU»>
lated aad greea peaa thefc Is alto a water tolobla,
tbem ost factor which inhibits the sasy H i
inactiTatioa of IAA. L i~ pronttet tha faraatlaa
of tbe iahibitory factor. Hw inhSHor waa foaad J*\
aD plant tissues iareatigaled. The reaetioe belw«a»
tbe substrate, inactiratiag enaytag aad teldbUac la
aoa-competitire. The IAA-iuactjratiag aaaymo oc-
curs not aaly in etiolated tisaues of peaa bal slao
in Avenm and in roots. Groea learos of plaalt thaa
far ased do not eeatain the actire latymt. Elia*
lated leares such at tiMMC of cabbage eoalaia lke
cnayme. Thbe IAA'iaactivatiag onayma caaaat be
obtained from donaawt pea teeda bat the rstylwdiat
of germinated pea see<flingt contain the active oa-
aymc. Expoanre to light diaitnbkcs tko ooateal of
tke IAA’iaactlTatii® eaayma of otiolatnd poa aoad*
lings. Tka longer Ike expotaic te Ugkt tke lott lka
aaioBnl of the acltine eaayma f*aad ia lko plaat
Tke enaymatlc iaactivttif af IAA laket plaot aal
oaly m vkrO bat alao ia atea aa jodgad by lka 1*
activation of inftltratod IAA.
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