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SOli METABOLIC EPFBCTS 
OF D•OAMPBORSULFONIC ACID 
II BIGBER•PLANT TISSUES 

ItrlRODTJOTORI RBM.ARKS 

a.narch 1h the field ot plaDt grc)Wth resula ra baa, 

dunnc t~ paat twentr•ttv• ,..are,. rlelded auoh 1hf'o-.a­

t1on ~onoerbing tbe prepertl•a ot OO*POunda wbloh poaaeaa 

pb,.a1o).og1cal ac t1v1 t7. 1'be b•bavlor ot a wtd• 'fanet7 

ot planta and plant tlaauea ande~ tbe 1ntlttenoe ot 

!llf8UlatoN haa b••n atu41.td 1n ao• tt.ta11, bat senel'tl117 

tNm tb. po1ti'b ot 'flew ot grow tb. In Noent 7ean, the 

d•velopment ot a7athet1c oo~ounda ha•lng a btsh degree ot 

aotS.v,.t,- tor uae ln ooratrolllng plant growth baa been 

poaaible thl'ough app11eatS.on ot tulld&Mntal knowledge 

galae,~ by eyate•tlo "J.tal'Oh ln growth•regulator pharma­

cology. ~ uae ot gHWtb.-aot1•• aubatano•• aa agr1oul• 

tural oMaloala la a ooaapara•tvel7 recent d•••lop•nt • 

.Qoh tube!a.ntal work rtma1na to be doM 1n e1u.o14atlng 

the •ta}»ollo proceaaes o~ plant growth and their rela tlon 

to gPOWth•aot1v• substances. a.aearoh on h action ot 

•Ylltbetlo growth •ubatanoea baa eb84 light on ..n,. 

1ntluenoea whS.oh tb• oompounda oan extn Oil growth rate, 

reapt~t1on; wat.r-balanee1 cell dtv1a1on, uptake ot 

Jlineral nutnenta, mea)rane ~l'lllltab1ll t7 and other 

phenomena aaeoolated w1~ l1vlng planta. 

Int.1'111Atd1a1'7 •tabolt.• 1n plant• baa received 
lntenat-.e atudJ 01111 ln Ncent 'ftara. A1orag wtth tbla 

http:app11eatS.on
http:atu41.td
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development bas arisen a new interest in the mechanism ot 

the action of substances which influence plant growth. 

Results to date in demonstrating this mechanism of action 

of any type of natural or synthetic growth substance has 

been fragmentary and singularly unrewarding considering 

the amount of effort expended in this work. 

Establishment of a sound theoretical basis for eon­

trolling plant growth can come only after a thorough 

investigation of metabolic interactions underlying growth 

regulator action. MOst synthetic growth substances have 

been recognized through their siDdlarity to auxins of 

natural origin. Activity of herbicides auch as 2-4-d1­

ohlorophenoxyacet1c acid and 2-meth71-4-chloro-phenoxy• 

acetic acid have been discovered through routine screening 

of large numbers of organic chemicals for their effects 

on plant growth. 

In the course of an Oregon State Agricultural Experi­

ment Station project concerned w1 th control of Elodea 

densa, nearly 1000 organic chemicals were tested for toxic 

or inhibitory action in attempts to find an effective con­

trol agent tor this plant (17; 18). It was hoped that a 

compound could be found which would control growth of 

Elodea without injuring fish or other organisms in lakes. 

A control chemical with specific auxin - like 



actlvlt.J would be moat desirable. 

Ba.Ply screening op•Mt1oaa ind1eattd that d•lO•cua­

pboraultonio ac14 Ouu.•lnatter CSA) bad aome J11e8Ulatol'J' 

activity ln !• d•n•a.l In high conoent~tlona, growth waa 

11ttle att•cted or allgb.tl7 J~etarded~ bat at lowe!" 

concentrations (!!,. 26 parts peP a1111on) rapl4 bu4dlq 

and growth were at...lated. OtNlr l'ltporta 1ftdi,oatecl tbat 

caJQphorsultonto acld {CSA) 111gb.t exert e. Ngulatol'f actloa 

in b•aa a.edl1nga.e 

'fbe wr1tet-1 • early parttolpa t1ott ln tbt weed control 

project involved a atu4y ot •cological tacters tavorlng 

tbf growth ot !•4•nt! 1ft S1ltoooa L~. 0Pegon. A' the 

conclusion of th1a phaat ot the wrlter'a 1ft'Yeat1gat1ona 1t 

waa attggested to b1m tbat a more detailed atud7 ot the 

pJtOpert1ee of CSA , 111ght bring to light •••tul lntorut1on 

conee:mlng 1ts cb.emloal aot1v1ty aa a control. ~ pre11..,. 

1aat'7 studies were begun which led to the 1nYeat1gationa 

outlined ln tbJ.a theais. 

'l'b1a study ot OSA began w1tb aoreenlas t•ata to:rr 1ta 

aoti'f1tr by ana ot conv•ntlottal aaaaJ proo .dur.e u.a1Qg 

the Napona•s or oa• (!tega aatlYa) col•optlle aeotiona. 

Growtlt studl•a were . also :made with Blod•a sJtnaa. Known 

growth regulators ••re used ln these atudlea and tbe 

1Bond. Ca~l B. Personal eommun1oat1on. 

2ttraua; E. J. Personal oommun1eation. 



• 
aoUoa ot OSA compaNd w1 th tbem. When l t waa dlaoo•ert4 

~ t CSA bad ao tlvl tJ 11mllar but bGt ld•nt1ea1 wl th tbat · 

ot conventional srowth MSttlatora an J.nveat1gat1on ot the 

•tabollc •tt'eota ot OIA ••• tua9.uken to dlaoo'fer wb.e\be.r 

or r10t ~••• were a1.S.la1' to tM •tabollo etteota o~ 

natural growth aubatanoea (autna) • ftMt · orls1nal • tudie• 

Wfl'tt made w1th, Blodea. b~t ~or greatett Pl'eCle1.on ot •••nrt­

•nt later atudt•• WtH p•l'to--4 wl th aore uni.toa 

b1olog1oal • ter1al. Beoau• the prelWD&I'J atud1ea 

lnd1oatacl an au1n-1lke aetlv1 t,. b7 OSA aubaeq,uent work ••• 

4•a1gned to eluo14a'- lt• ett•ota on reap1ratlon aQd 

pboapbate uptake. Rt1plrat1on atud1•• ••re -~e 1n aft 

attempt to atudJ the ettecta of OSA on ,.aplrat1on ot 

p0uto tub•r tlaaue. li'urtbe r work ••• done w1ttl radlo­

aotlve phoapborna ln a at~J ot ~ etfeota ot OSA on 

ph.oaphate Uptake an4 S.noorporatlon ln potato tuber t1••• 

e.ud 1 n Blo~•a• 

'· 

http:Pl'eCle1.on


A plarat growth Ngulator, or aula~ baa been detlned 

aa "an organic ltt'bataAc• whlob promotes growth (l.e., 

1rreveralble lnoNaae 1n volUM )· along th• l.oql tu41nal 

axta, whera applied in low oonoerstrationa to ahoota ot 

planta tr.ed aa tar •• 11 praotloal from tbetr own 

1ftheMnt: gl'OWtb.-promotlrag aubatanoe. Auxlna may, and 

generall,- do, bave other properties, but tb.S.a orw 1a 

cr1tlca1.• (56, p.4). Tbla dttlnltton covers t~ large 

gl'Oup ot eoJII)Oun4a 1 both tlattiral aQC! aynthetlo, •hlch 

eablbl t g!'Owth•atlmulatcrr propertle a ln plant;a. Sub­

atancea produced naturally in plant• wb1cb control growth 

ot- otheP pbyato1ogloa1 tuQotloM ba•• been teNe4 

•pbftoboJ.WOnea" 'b7 Went and fbl•an (48). C:U•• aubataucea 

la coJBOn w1th their aux1nal analoga., •x•rt tb.ft1r etteet1 

at a alte Hm.ov•4 t10a thetr p1aoea ot production w1thln 

t~ plabt and &l"e ac1:1ve ln mlnute amounte. 

Xoept11• fbiMtm and Weqt (20, p. 1'9) publlahed ln 

1R7· ·t~ mlnlmwR etructural Mqulrementa toit a growtb­

ao,S.ve attbetahce. 'l'be1e1 brleflJ enumerated, we:ret 

1.. A r1ng 17atftm ln the nucleua ot the mo1eoul• (A). 

t. At leaat on• double~bond ln the rlrag (B). 

z. A aide•ohaln ln ~· rtns (o). 

4. A oal'bol£11 gl-oup (ott aa .•quivalent .pttecttrMr) at 
l•aat one oarbon atom ,_moved trom the rlrag on tbl 
ald• ~ha1n (D). 
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a. "A carboJ:rl group (polar part), 1zt gerseral a 
group of ac1d1o character, 1tt atloh a spatial
poa1tton wltb respect to the ring 17atem, that 
on adsorption of the active m.olecul• to a boun­
daJ7 (the aonpolar part pla,-lag tb.e a.oat 1mpor­
tant l'01e)• thla tunotlonal group will be 
situated aa ;pel'lpb.erallJ aa poaslblA. • 

Skoog et al. (35, p.571) conaldeHd auxin aot1v1tJ 

to depend upon a apee1t1o •tnotilral cont1gurat1on 1n tbe 

1101eoul• to enable lt to oocupJ a det1n1te poaltlon 1n 

the large en~ aggregate w1tb which lt was thought to 

combine. A further requl,.ment for au1ba was poatulated 

b7 tMm to be the poaseaalon ot a 8pecit1c, ohem1cally 

~active group, or polar part. The7 auggestecl that auxin 

acted 1n a manner similar to tbat et a ootnz,.... (35, P• 

5'13). No det1nl~ knowledge ta alfallable at present to 

1nd1oat that auxins act aa oo•nzymes or coe.tus,... 

precursors ., (33, p.383J -'2• p.SOB). 

It la generally oonceded that an auxin auat cona1at 

ot a polar stde•cb.aln aad a r1ag-ayatea. Tbe shape and 

aNa of the ring baa been found to govern the degree of 

growth. aotivlty exhibited b7 au1na. Vel.Sat.ra states 

that th1a 1e explained by cbabgea tn tbe bJdl'Ophll/11popb.1l 

balance between the pola~ and non-pelar parts o£ the 

molecule (41, p.l6l). 

The etteeta ot aulna on plant cella are bwaeroua. 

Thia has eauatd contusion s to the •uct mechanism ot 

auxin action. Such <llverse processes as cell elongation, 

cell division, and tru1t set are all affected bJ auxins. 

http:bJdl'Ophll/11popb.1l
http:Vel.Sat.ra
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(36, p.Sl). fhia baa led to the adoption b7 many workera 

ot the view that aux1n exerts ltw- pr1mal"J etfeets through 

a "master reaction" whose patbaay 1a determined by tbe 

particular biochemical envll'Oruaent p"va1l1q at tbe time 

ot action (15 1 p.227). 

Tb mechanism ot awdn action baa received much 

attention ln lnveat1gattona of' the relationab1p 'between 

respiration and auz1n•1nduced growth. That auxln•1nduced 

growth 1a 1nt1ma tely linked w1th aerobic respiration waa 

recognised early b7 Bonner (51 p.7l; 61 p.lo). An increase 

1n gro•th ot plant tlssuea caused by auxin 1a generally 

accompanied by an lnc:reaae in reaptrat1on rate. 'l'b1a 1a 

not a un1ve~al observation, however. UndeP suitable 

cond1t1ona1 au1n•1ndu.eed growth response need not be 

accompanied by a respiratory increase (8, p.43S) • . 
Mt tochondria 1aoltlte4 troll JOung bean aeedlltlga and 

tNated wS.tb. 1n4ole•3•aoetlc aotd (IAA) ab.ow no 1ncNaae 

in oxygen uptake during the oxidation ot py~vat. to co2 
and water (9, p.SO). Pr.•treatment .ot tbe btan • edl1nga 

w1th IAA does not cause 1acreased reap1rat.S.on 1b lll1to­

ohondr1al euspena1ona prepared from them. (loo.c1t.) This 

1nd1ee.tes that an 1nt,act oell•ayatem 1a neceaaa17 tor 

auxin to el1o1t respiratory responses. The 1mpl1cat1on 

ot these t1nd1nga is tbat auatn do a net act upon a 

reap1ratol'Y' enzyute or a ayatetn ot respiratory eneJ1DA~a 

41rectly. but that other cell component& mediate the 

http:reap1rat.S.on
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atepa between awc1n and the ult111l8t• e~tects ot lta act1on. 

That pboapbate transfer y be involved ln tb action or 

auxin baa be.en cona1CeNd poas1ble. (9• p.aa). Phoapbate 

tranatera are important 11nka ln oxidative .-taboltaa, 1n 

so-called "high energy" phoapbate bonds which involve 

transt~r ot energy vta a4enoa1netr1pboapbate (A!P). The 

ayntbea1a or th1 latter attbatance 1& normally coupled to 

respiratory ostdat1on ·through phoaphorylat1ona wb1oh 

ocour at n roue places along metabolic patb8aya within 

a cell. 

Additional evidence tor an auz1nal role in aerobic 

metabolism 1a round 1n experiments wlth •active" water 

uptake in plant tlasuea. It baa been reported that potato 

tuber al1c•a tmmeraed in water containing amall amounts or 

auxin take up and Mtatn water 1n amounta greatex- than 

those of potato allcea immersed ln w t&r alone (11. p.694J 

2:S1 p.2'14J 28, p.B2S). It oxrgen ls excluded trom tbta• 

tlaaues. depressing aerobic respiration. watel""'t1ptake rates 

are dimlnlahed markedly. Aot1ve uptake la the acoWilttla• 

t1on of water tn amounts greater tban tba. t oaueea by nol'IIULl 

001.0 1e. This aupra•oam.otic accwmlat1on ot water or salta 

"qu1Na the expend1ture or •tabol1c WOJ'Ik; and the Mla• 

t1on or auxin to the pertorDltlnce ot this work 'lllUat logic• 

ally be through control of react1ona .wb1ch ut111se 

metabol1e energy. 

The use ot reapirato17 1nh1b1.tora baa been 1natru­
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DMtntal 1n ab.edd1ng light on the relat1oru;h1pa between 

growth and respiration. Bonb•r found that 2,,•d1n1tro­

b.eno1 (DNP) could 1nb.1b1t growth in the Avena eol opt1le 

without exerting any appreciable ffect on respiration 

rate (V, p.331). In appropriate concentrations, DNP waa 

tound by him to remove the ability ot the tissues to grow 

or respire more l'apidly 1.n response to auxin. D1n1 tro• 

phenol pre~ents tbe tor.mat1on ot organic phoaphat• com• 

pounds in living cella; and 1 ts mechanism 1a thought to 

consist in uncoupling oxidation from phospborylat1on 

In prop•r oonoentrationa, the contpound will 

tnh1b1 t the 81flthea1s of ATP. Reaotlona wb.1ch require 

A'l'P•energy and which therefore depend upon reap1ratlon as 

a source ot ATP an 1nhib1ted by DNP. When DNP la applied 

to tissues 1n veey low eonoer:atratlons (ca. 10•5 Molar-) tbe 

reapiration rate often rises 1n r aponse to tne uncoupling 

of x-eap1rat1on from the synthesis ot ATP (14, p.664). 

Robertson et al. (so, p.260) reported that aalt• 

uptak in carl'ot slices could be 1nh1b1ted by DNP in con• 

oentNt1ona which also raised the endogenous respiration 

rate. Hackett and ih1mann tound that DNP lnb1b1 ts aotlve 

water uptak$ by potato slices (16, p.556). The a1gn1f1• 

canoe ot those observations lies 1n the tact that A~ 1a 

r qulred as a driving-agent tor act1v& uptake or both 

salts and water. Tbe faet that auxins tail to attmnlate 

respiration 1n DNP•1nh1b1ted tissues suggests that auxins 
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are active through tbat part or tbe IJ&tem which ut111zea 

the ATP formed during ox1dat1v reaplratlon. Tne depen­

dence ot e.u:dn activity on an 1ntaot phoapb.o17lat1ve 

11atem 1nd1catee that aux1na may act tn coupling reap1ra• 

tlon (or mo~e part1cular17 the hlgh•energr phoapbatea 

produced by respiration) to aotlve uptake and growth. 

Tbs term •autn• uaed ln tbe tol'egolng d1ecues1on b.aa 

been w1th1n the tra.uutwork tor the det1n1t1ona of' active 

substances lald down by principal workers 1n the f'lel.d and 

outlined 1n the open1 ng paragraphs ot thla review. 

No subetancea wltb auxin aettvity bave been tound 

wbich lack a double bono 1n tbe ring nucsleua {tl• p.l61). 

Camph t-aulton1c 1\cld and compounds atruoturallf related to 

1t ba~ received virtually no attention ln respect to their 

possible poaaeaa1on ot growth act1v1ty. The onlJ report, 

made 1n 1946 by Thompson tt al. (371 p.49l), ltated 

oamphoroxime as bav1ng a det1t'l1te 1nh1b1to17 ao t1on on the 

elongation ot 1nte~no4ea ot 7oubg kidney bean plants when 

appl1ea to the stems ln o11 emulsion. Tbe aame compound 

was also tound to have a el1gbt attmulatorr effect on 
I 

elongation ot the prtmarr roots ot germinating eorn 

ae•dl1ngs. These teats were made as a part ot a large 

acreeatng program !n"folving more tban 1000 organic 

COJ1Pounda oonduc ted by the Ohemloal Wart are Service. 

Obanging the earboxyllc (•OOOB) group on tb aide­

chains oE active compounds to the aultonlc (•SO~) group 

.( 
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otten doea not reao•e actlvl1;J, btat 07 ob.a~~ge the degree 

ot act1v1tr (41, loa c1~.). pu1ton1o acid analogs ot aanr 

g~th attbatanoea bave been prepared and assayed tor 

aot1v1t'f• In4ole•l.,..tbabe.ttltonlo ac14 (41, p.l62) la an 
j 

eDJ~,Ple ot an ae1t1-ve attlto~c acid analog. Ort the other 

balld, llapbtbala_l.. ·~fu'Uord.e ao1d 1a 1aacti'fe 1ft 

aome assay uthoda tor •jtn act1-d ty. Bonner and 

Tb.1.mann (10• p.'To) ;Hpot1e4 tbAlt 1-am1no-2•napbthol•4.• 

aultonlo acid etlatllated growth or Avena ooleopt11ea. 

The pbra1olog1oal aotlvlty ot anr oompeunct 1a 

predicated upon lta ability to galn acoeaa to auaoeptlble 

·attee ot action w1tb1n the cell. Selective permeab111t,. 

ot tbe plasma -.brane regulates the entl'J ot various 

lonlc and molecular apeolea. and th1a factor zmat be taken 

into account when cona1der1tlg the properties ot an active 

aolecule. JJaturallJ•oocuntQS auxttaa and certain •rnthetlo 

growth-subetal'lQe.s are pred0111nant17 ac141o ln nature, aa 

•vldenoed b,. their pKa •alu••• which range troa :s to S 

(41• p.l92). At pb:Jalologlcal pH valuea, depending upon 

the pXa value ot a given growth aubatanoe, the active ooa• 

poubd y be p~aent ln aolutlon aoatly aa an anton (32, 

p.1se). Slnee the p•r..ab111tr ot plaau •mbra.nea la 

generall7 lower to 1on1c rad1oala than to un41aaoc1ated 

lllOltoulea, the atate ot d:tasooS.atlon ot a growth · aubatanoe 

may control tbe amoubt entering the cell. 
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Tbe ac1d1ty ot aultonlc der1Yat1vea ot aux1na la 

generall7 hlghel' than that ot oarboxyl torma, rendering 

them aore tully 41aaoo1ated at pb.,-alologS.cal pH "Values 

(41, p.les). '1'b.1a 1a b.eld 'P7 aome to be atroug e'Vldence 

that aot1'V1t'f ot the •ultonlo dePl•at1'Vea Ma1dea ent1rel,­

wlth1n the aalonlo fbraut (s .!!L p.192). 

In o!d•P to pro4uce a eoJBpotsnd wb1ob. does not ionise 

treel7, an ac14 ma7 be cC)ttverte4 to 1ta correapondlng 

eater. amlde or nitrile·. !ftd.a baa been done w1 th ao• 

growth aubatancea 1n attempts to m1n1m1se problema 

aaaoo1ated wlth p•netratlon of cell DBmbranea b7 antonio 

t'ol"'U. Tb.e aot1'Vib' of eaten and utdea ot growth 

aubatanoea baa been 1n•eatlgated by dgl and Koatermana 

(22, p.211) who tound that the etb7l and •tbyl eaters ot 

IAA were aotl'V«t. !be7 attributed thla to partial b.ydrol­

ya1a 1na1de the cell. In a ••Plea ot homologous eaters, 

activity 4eoreaaed with 1ncl'eaa1ns leDgth of the alcohol 

chaine. 

EaU118t1ora ot tla activity ot auxlraa baa been tba 

subject ot intensive atndy tor many years. A biological 

aaaay method la mandatorJ tor aux1na because ot tbe unique 

ne~ure ot their aot1v1ty. Went (4:5J 4') developed a 

•thod utlliz!ng the curvature ot young A'fena coleopt1lea 

reaulting trom appl1cat1on ot tbe teat aubatancea ln a 

amall agar block aaaymetrloally around the end ot a 

decapitated ooleopttle. The OitrYature ot the coleoptlle 1a 
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directly related to concentration ot auxin in tbe applied 

block. This method requires careful control of all pro­

cedures, trom the selection or a pure line ot oat seed, 

continuing through the germination and preparation or the 

seedlings. to the actual test, which must be done under 

caretullJ regulated conditions of humidity and temperature. 

Another method tor testing auxin activ1tJ is meaaun­

ment ot the elongation ot sections or decapitated oat 

ooleopt11es (!lJ 36). In this method, elongation 1a 

approximately proportional to the logarithm or auxin con­

centration in the solution in which the coleoptile sec­

tiona are placed. Oat seedlings are prepared in much the 

same manner as that tor the curvature test by decapitation 

to remove the tips 1n which au1n is produced. i'b.e central 

primary leat is removed from the ooleopt1lea and short 

(2 to 5 mm.) sections ot the outer cylinder are cut and 

placed on tne surtaee ot aolut1ons containing teat com­

pounds. Several aeot1ona (trom 5 to 10 or more) are 

placed on the teeth or tine oombs or threaded on tine 

glass needles and the group ot aect1ona floated on top or 

the test solutions so 1bat some part or the sections 

breaks the anl'tace ot the aolutlona~ to allow access to 

atmospheric oxygen. Arter sui table lengths of time, usual­

ly 70 to 90 hours, the increase in length ot the sections 

1a measured. It baa been discovered (31, p.288) that a low 

concentration ot sucrose ln the teat solutions allows more 
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elongation than la poaalble 1n water. For th1e reaaon. 

sucrose la uauall7 added ln 1 to 2~ dilution to test· eolu• 

tiona tor straight-growth aasa,-a. 

The curvatu:re ot allt plant organa baa been uaed tor 

asaa,-1ng auxins. and thla thod permits leaa r1gol'Oual,­

eontrolle4 exp r1 ..ntal oond1tlona (41• p.5.7•585). The 

internode ot JOung, etiolated pea atema 1t "llt lengtb.• 

wise and immersed· ln auxin aolutlona, were to nd b7 Went 

(.22,• ill• ) to curve inward toward each other. Thla cuJI'\'a• 

tu~ waa touftd to be more nearl7 propoptlonal to the 

logarltba ot auzln concentration tban to the concentration 

ltael.t. Other plant organa that have been used ln a 

s1m1lar manner are alit dandelion tloweratalka (19), 

!eliantbua hJPOootfla (12) and alit ooleopt1lea ot oats 

and corn. When aueb tlaaues are placed in water alene, 

the all t halves cu:rve outward due to tlaaue tension. When 

the water contains auxin. the ends of the alit halves 

curve inward toward each otber. The curvature ma,- amollnt 

to a tight 1nroll1ng under unuauallJ favorable oondlt1ona 

ot auxin concentration. pH, oamot1c pressure and tempera­

ture. AnJ slngle growth-active compound will not alwa,-s 

elicit a1m1lar degrees ot response trom dltterent tlssuea 

or 1n different techniques t r auxin aaaa,-. For this 

reason, more than a single type ot aaaay 1 uauall7 ade 

when testing compou.nd tor growth•actt'Vit'J'• 

http:compou.nd
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With reference to the objective ot this tbeata, 

lt is interesting to note the results ot some exper1aents 

conducted by King (20, p.l27-l51) on the ettecta ot 

g~tb-regulatlag substances in Blodea denaa. Additions 

of such coapounda aa IAA, ladole•S-proploDic acid (DA), 

tndole-3•butJ~ic acid (IBA), alpbanaphtbaleneacetic acid 

(NAA), tblaalne, l•b1st1d1ne, l•tr,ptopbane and aaoorblc 

acid to cultures ot th1a plallt growing in nutrient solu­

tions caused 'Y&l"J1D8 degrees ot sh ot: 8114 root response. 

Root att.ulatlon was abawn by IPA at 1 ppm. and b~ 

otbe~ of the indole aeries in blgber concentrations. 

Elongation ot budding atem segments waa stimulated bJ 

concentrations ot HAA to 5 ppm. and b~ indol'fl oompouada 

in higher concentl'&tiona. COJIPouDda or the indole type 

and NAA caused the tor• tton of root balrs. No1'1D&llJ, 

Elodea does not rorm root hairs •nleaa it la anchored tn 

a aubatratwa ( 27). 

King (20, p.l.?} tound that tblamine, histidine and 

tryptophane inhibited shoot elongation ln illuminated 

cultures. Oalolua pantothenate was also inhibitory to 

shoot elongation in King*a atudJ• 

The uae ot !lodea aa a teat plant in auxin studies ta 

convenient and mAJ be ao..wbat comparable to methods utili• 

zing the elongation ot oat ooleoptiles or pea stem inter­

node curvature. Xing auggeated ~at the root-balr response 

ot Blodea would appear to have value as a dlagnoatlo 
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method tor classifying and characterizing certain ot the 

growth-regulating aubatancee (20, p.150). 

JIATERIALS AND ME'l'HODS 

BXPERIMENTAL 

Se•eral exper1mental approaches were used to obtain 

a generalised picture ot some ettecta ot OSA in Elodea 

dena• and in potato tuber t1aaue. 

Ittveatigation into tbe nature ot OSA acti•lty included 

straight growth measurements ot Avena c~leoptile and pea 

stem curvature testa. Pho•phate uptake experiments 

emploJlng radioactive phosphorus were performed to deter­

mine the ettecta ot OSA on the uptake ot phosphate and 

ita incorporation 1nto organic metabolites. Paper chroma• 

tographio techniques were used to identify organic phos­

phate eaters. 

FUrther investigation involved a study ot the 

etrecta ot OSA on respiration ot potato tuber tlaaue. In 

conjunction with tbia, 2.4-dinltrophenol (DKP) waa uaed to 

determine the interaction between the inhibition produced 

by this compound and the reaplrator,r ettecta ot CSA. 

Auxin-stimulation ot respiration and ita interaction with 

CSA were also investigated. 
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Some experimental work was also done ut1lls1ng 

tbe ethyl ester ot CSA. 

MRTHODS 

1. Srntheata ot etb.Il gaho:a-sultonate. 

Tb.e ethyl ater ot d-camphoraulf'on1c acld (Et-OSA) 

was prepared trom the tMe acid in two a tepa. ~e acid 

chloride was made from caaphoraulton1c acid according to 

the method of Reychler (29, p.124). This lnvolvee 

conversion ot OSA to the .•e1d•chloride wtth rc16• !be 

etb:Jl eater was then prepared b7 reaotlns the acid oblor1de 

wtth sodium ethoxide by a procedure reported by Bdminaon 

and Hllditch (13, P• 228). The two stepa ot the eyntbea1a 

ot Bt SA are 41agram.ed 1n Pl te I. 

To prepare the acid chloride, equ1molar quant1t1ea ot 

d•lO•camphoraulton1c actc13 and POls are et he4 out and 

transferred to a lal'ge mortar,. Upo!l tr1turat1on. the two 

solid substances change ttapidl'J to a c:NUQ' paetej 'fh1a 

1a accompanied by the evolution ot BCl tumea and heat. A 

well•vent1lated hood 1a neoeeaarr tor th1a operation. Alter 

grinding tbe mixture to a unltor.m cona1atenc7• the mortar 

is covered wl tb. a glass plate and the a1xture allowed to 
' 
stand tor one to two hours. The maaa 1a then pouNd into 

a large volume of toe watera whereupon the ac1d chloride 

a•paratea out aa a aoltd• W'8.XY maaa. Th:ta 1a t:tl tered ott 

~astman white label 163. 

http:41agram.ed
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SYNTHESIS OF ETHYL CAMPHORSULFONATE 

Plate I 
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and dissolved in C.P. ethyl ether. 'l'he resulting eolu­

tlon 1s shaken with anhydrous Ca012 te remove water. Atter 

allowing the solution to a tand over the OaOl2 tor an hour, 

the solid are removed by rtltrat1on and the ethereal 

aolut1on evaporated to deyness under vacuum. at room. 

temperature. 

The acid chlor'.tde ot OSA thus obtained is a •I.X'J 

solid, melting without deeomposltlon at 6?•68°Q. It 1s 

insoluble 1n water, lightly soluble 1n petroleum eth r 

and readily soluble in ethyl ether. 'l'he compound decom­

poses slowly when left in centact w1 th air at room tem• 

perature, so it is prepared 1n quantities which will be 

used w1 thin a snort time. 

To prep re tbe CSA etb7l ester, equ1molar quantities 

o.t sodium ethoxide (f'reahly prepared b7 the action of' 

met llic sodium on mhyd~ua ethanol) and CaJ11PhorsuU'onyl 

chloride are placed in an en Pyrex test tube and the 

mixture 1s heated gently tn a steam or hot-water bath. 

The esteritica~lon goes rapidly to completion, evidenced 

b'y the thtokerd.ng of the m1xtul'e 1n the test tube. The 

re ction mixture 1a poured tnto tee water. The ester 

eo11d1t1es and 1a tllt$red out. collected., abd recrystal• 

l1zed t:ro 80~ aqueous m tbanol. After :NoeyatalUzation,. 

the ester 1 dried 1n a vacuum dess1c tor over CaOl2.• The 

Et-oSA . thns prepared bas a molecular weight ot 260.29. At 

a- coneentMtton of 5~ ln cbloro~orm 1t hats an optlcal 

http:thtokerd.ng
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It is ineoluble 

ln water and must be applied in an emulsion. "Triton 
4X- 100" in o .os~ concentration was tound aatlatactorr for 

uae tn emulsifying Et•CSA. 

2. Avena coleopt1le elongation aasa:re• 

Oat ot the "Gray" variety were hulled and placed 1n 

distilled water to soak for two hours. The seeds were 

then transferred to aolst tilter•paper pads in Petri• 

plate halves 1n lots ot 50 to 65 aeeda per dian. Tbe 

plates were then placed ln a large pol7styrene dish with 

a t!ght•t1tt1ng lid. In the dish was also placed an open 

container holding a saturated solution ot Na9co3•1oBao to 

aa1nta1n a constant humidity ot about 89~ w1tb1n the dish. 

The cover was placed on the large plastic d1ah which was 

then placed 1n an incubator maintained at 95°C . No 111u­

m1nat1on waa provided in the incubator. The condition of 

the germinating aeeds was ch.,clatd daily and water added 

it necessary to maintain moistness ot the filter paper 

pads. After the coleoptilea reached an averag length of 

3 oa., requiring about 72 hours, the plastic dlah was 

removed from the incubator in subdued 1llum1nat1on and 

the seedlings subaequentl7 bandle4 in weak red 11ght from 

a photographic aatel1gbt. 

4Th1s compound, an alkylal'7l polyether alcohol, is 
marketed by the Robm and Haaa Company. 
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The coleoptllea were then decapitated at a distance 

ot 1.0 mm. tram the apex and allowed to remain in weak red 

light tor three bourt~. The ccleopt1les were then redecap• 

1.tated to remove the pb.Ja1olog1cally-regenerated tlp end. 

After 30 minutes tbe eoleopt1lea were cut carefully w1tb. 

atainlesa•ateel razor blades •paced 5 mm. apart with 

waahera. An average ot three see tiona was cut from each 

seedling. The sections were thntaded on tine glass 

needles• the central primary leaf tissue being pushed out 

ot the outer cylinder at tb1 ttme. Ten coleopt1le sao• 

t1ona were placed upon a a1ngle glass needle and the 

·aaaembl'f floated on the surface or t at solutions in 

P tr1 plates containing 10.0 ml. ot solution per plate. 

'rest aolut1o·ns were made up eonta1n1ng OSA at .0001 K. 

(23.2 ppm.) and .001 M. (252 ppm.) • Et-OSA at .0001 M. 

(26 ppm.) and .001 M. (260 ppm.). and IAA 1 ppm. (~57 MJ. 
Solutions oonta1n1Dg both CSA anCI IAA were prepaNd as 

follows; IAA l PPD• an4 OSA .0001 M., IAA l ppm. ano 

CSA .001 If., Ill 1 ppm. anc! Bt..CSA .0001 14., IJ.A 1 ppa.
1 

and Et,..CSA .001 M. All solutions were made up 1n 1% 
auero e solution and brought to pH 6.0 before use to pre• 

vent acld1ty from releasing bound attzin !n the t1asuea. 

3. Pee testa. 

Aaaaya uaing apllt atem aegmenta ot etiolated pea 

aeedllnga were carried out accordlng to the seneral 
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instructions of Went (45). Pea seeds ot the "Tall Tele­

phone" variety were soaked in shallow water tor several 

hours before transferring to glass dishes containing 

moist "Vermiculite". The dishes were placed 1n a dark 

cupboard and the seeds allowed to germinate and grow to 

a length ranging from 5 to 20 em. Seedlings of unifor-M 

height and diameter were selected and cut of'f 5 mm . below 

their terminal buds. Five-centimeter lengths were then 

cut off from the apical end of the stem and a median slit 

was made with a stainless-steel razor blade for approx­

1mately 3 em. from the distal end. The slit sections 

were transferred to 10 ml. of test solutions, in Petri 

plates. The test solutions used for pea assays were the 

same as those used for Avena elongation tests. The solu­

tions were adjusted to pH 6.0 at the beginning of the test 

to minimize artifacts resulting from acid-curvature (39, 

P• 36 ). 

Curvature of slit internodes was obtained within 12 

hours after the introduction of the pea stem sections into 

the active solution. At this time tbe sections were re­

mov.ed from the solutions 1 blotted and photographed to 

record comparisons between the various treatments. Plate 

II depicts results obtained from such a test. 

4. Elodea growth studies • 

To determine the gross effects of CSA and Et~CSA on 

the growth of Elodea densa, liquid culture assays were run 
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•itb different compounds to detexw1ne the interaction ot 

these compounds with CSA ln stimulating or inhibiting 

growth. Compounds chosen tor testing. S.n addition to CSA 

and Et•OSA, were among those used by King (84) 1n bla study 

ot tb.e effects or grGwth•regulators on the growth of 

!• denaa. A eat1et"aetoPf llqu1d nutrient Mdium tor grow­

ing plants in aand; Vermlc.ullte, or liquid cultures 1s the 

110d1f1oat1on ot Sbtve's aolut1on known as lt582 (31, p.243). 

Tb1a is baaloall7 a thre•~•alt solution with small amounts 

ot trace elements and lron added. For growing submersed 

aquatic plants the solution baa been used at t.atrength 

with good aucoeaa. For a 20-liter volume of solution, the 

compost tton of' the baa1c •d1um is as follows& XBaP04, 

12 gm.., o~o3 )2 , 7 p., Mgso4·~o, 18 gm. To this is 

added about 0.5 gm. ot a c~lated iron compound, aod1um 

.ferric etb7lenedlaatnetet:ralcetate, mad• by the All'0$8 

· Chemical corporation. Iron 1n thla tom ia stable and 

ma1nta1ned 1n the solution several times a" long as when 

added as c1brate or tal'trat•. Traoe element• are added to 

the aolutton as a m1xtu~e ot.tbe tollow1ng salta, at whioh 

20 ml. are add~d to ao lit•r• ot solutions 

B3Bo3: o.e gm./1. cuso4 a .os gm./1. 

MDS04a 0.4 ga./1. (NH4> 6~a~o,o2_.·•a2o a .o24 gDV'1. 

znso4: o.o5 gm./1. 
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were added to the baste mineral nutrient solution as 

growth•regulatorst l~tl1atidine, IAA, biotin, yeast extract 

tryptophane, thiamine, and adenine sulfate. Xing (20) 

tound that shoot elongation of Elodea was inhibited 

slightly in the light by l•tryptopbane and l•b1st1d1ne. 

Indo~~ acid and naphthaleneacet1c aeld attmulated 

shoot growth (20, pp .146•14'7). Thiamine, ascorbic acid 

and l•histidine showed similar mild degNes ot 1nh1b1t1on 

ot shoot elongation. These compounds, supplied alone and 

togetb.ar w1 th CSA and Et•CSA, were used primarily to show 

that CSA did not inhibit synthesis of some compounds or 

enJ:'Y'JD8s. 

Elodea growth assays wete made in two different ways. 

In some experiments, 500 Dtl. Erlenmeyer tla ks containing 

200 ml. of nutrient solution were employed. Test oom• 

pounds were made up in concentrated stock solutions and 

added in small ~ounts, so that from 0.1 tG 2.0 m1. o£ 

solution wer used to supply the required concentrations 

1n the culture flasks. Nut:bi•nt and teat-oompQund .aolu• 

tiona were changed every two days 1n these experiments. It 

waa ~ound that the y•aet-extraot end tryptopbant-eonta1n­

ing cultures bee~ oontaminated rapidly wlth m1oroorgan• 

lama. even with a change or nutrient every two days. 

A later series of experiments was run using 250 ml. 

b akers to contain the solutions ana plant material. Th• 

solutions were presented to the piants 1n alternation: 

http:togetb.ar
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nutrient aolut1ons contalnlng the test compounds were 

supplied to the plants for l.O hours, then tbe solutions 

were replaced with mineral nutrient solution alone for 24 

hours. This cycle of aolut1on changes was maintained for 

the dur tion of the experiments. 

A ept!.e techniques we.N not tound practicable due to 

the d1.ff1cul ty of au tace• ater11S.z1ng Elodea without dama­

ging tt. Surtace• ster111sat1on with 8• bJdroxyqu1aoline 

benzoate (and •sulfate} w.aa attempted but these compounda 

weN somewhat toxic to Elodea :tn bae ter1ooldal concentra­

tions. 

Elodea was obtained for the assays under eondi tiona 

planned to guard against undue va:r1ab1li ty 1n plant mate:z-. 

tal. Plants wel'e harvested at d1i'fe:r nt times from one 

sampling area 1n Siltoooa Lake, 0l'egon, then transported 

to a large, metal holding tank maintained at th.e stream• 

pol.lt4t1on laborato17 o.f the Oregon Stat College Fish abd 

Game Management Department. As they were ne ded• plants 

were removed trom the holding tanks and taken to the 

labor tory wh. re they were placed in R5S2 olut1on. trader 

a l4•hour photo..per1od, rapid budding ensued from. bud 

nodes on the stems • When new shoots were trom 5 to 10 

centimeters long they were removed, washed 1n dis tilled 

water• and us d for growth experi nts. A supply ot 

material or uniform age, size. internodal d1stanee and 

previ~us physiolog1eal history was obtained in th1s way. 
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Each culture flask contained fou~ or five apical 

sections ot E1odta. Lengths were recordtd at the begin• 

ning of each expet-1ment by placing all or the sec tiona 

from one flask •nd-to•end along the edge ot a ~ter stick 

or cent1me ter ruler. '!he stems weN placed with the prox­

1m.al end of one section just touching the inner apex of 

the terminal leat whorl of the preceding aeot1on. 'tbia 

was adopted tor all experiments 1.n order to minimize var1­

ationa in technique. Measurements were a de again at the 

end of nine days. 

All growth studies w1 th Elodea were run at l'OOm tem­

perature ·under "cool-wb1 te 11 tluoresoent tubes. Intens11;J' 

of illumination at tbe surface of culture aolut1ona was 

430 footcandlea, measured w.lth a Weston tootoandle meter. 

King (201 p.l,9) touad that reasonably good growth was 

obtained w1tb 1llum!nat1on ot approximately ~1a intensity. 

Another experiment waa pel'formed !n which Elodea waa 

placed ln a 0.067 M. phoapbate butter of pH 6.7 to which. 

weN added under the following eond1t1onaa 

Treatmenta 

1. Control. Phosphate butter alone. 

2. Dinitrophenol o.ooool M. 

3. Dinitrophenol 0.00001 M. and CSA .001 M. 

4. Camphorsnltonic ac14 alone, .ool u. 
'l'he butter used in these •xperlmenta waa ma4e up with 

bo11•d tap water. F1ve-bnndred ml. culture volumes were 
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used with t.o 10-em. act1vely•grow1ng Elodea stem 

t1pe per flask. Tbe tlaska were placed under tluoresoent 

illumination of 430 to. lntens1ty for ten days. Eighteen• 

hou.r periods of illumination and 6•hour dark periods were 

used tor this experiment. At the end ot 10 days tbe 

planta were removed trom the flasks and photographed in 

color. The results of this experiment are illustrated in 

Plate III. 

5. p!spiratlop !!Rtrlmenta. 

In pMl1m1nary triala of Elodea in resp1ratoey 

experiments, difficulty was encountered 1n obtaining 

uniform tissues and in getting enough plant material tnto 

each flask to yield a ua•able respiration rate. Oonven• 

tional Warburg tlaaka are too small to pem1 t the use ot 

sufficiently large amounts of Elodea tissue. Potato tuber 

tissue was selected tor these expertmenta because 1t 1a 

uniform and easy to handle. Also 1 t baa been mu.ch used in 

the experiments ot other workera and its responses to 

aux1ne have been studied by previous investigators (SJ l6J 

2-tJ 28, p.825). 

The •ctirect method" of Warburg waa employed 1n tbe•• 

1nveat1gat1ons (381 p.l-16). Bqu1pment available tor 

th1a work included a eonatant~temperature bath w1tb an 

adjustable abaker meohan1am which baa a capao1ty ot twentr 

Warburg -nometer and tla sk assemblies. All reap1:ratoey 

experiments were made at 30°0. with a shaking-rate or 
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approximately 100 oscillations per minute. Double-

sidearm Warburg vessels having an average volume of 23 ml. 

were used. Each flask contained 2.0 ml. of buffer in the 

main compartment and 0.2 ml. of 5% KOH solution in the 

eenter-well. 

In some experiments, barbiturate acid NaOH buffers 

were used, and in others phosphate buffers were employed. 

Most reported studies involving respiration of auxin-stim• 

ulated or DNP-inhibited tissues have involved the use of 

phosphate buf.fering systems, but for the purpose of this 

investigation it was found desirable to compare the res­

piration of potato slices in phosphate buffer and an in­

ert buffer. Barbiturate buffers of 0.01 M. strength and 

pH of 5.0 to 5.3 he_ld the pH of the solutions in the 

vessels within 8.2 pH unit of the specified value during 

an experimental run_ as did phosphate buffers of 0.03 M. 

strength and pH values ranging from 5.0 to 6.0. Solutions 

of CSA and other test compounds were made up in buffer am 

the pH of these solutions adjusted to pH 5.0 before use in 

the respiratory experiments. 

For each exper1ment 1 slices were prepared from a 

single potato tuber by removing plugs of tissue with a 

sharp cork borer o.f 8 mm. inside diameter. Immediately 

after cutting, the plugs were rinsed in distilled water to 

remove excess starch. Slices 0.5 mm. in thickness were 

cut from the plugs on a sliding microtome. The slices 
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were rlnaed ln distilled water and blotted on filter 

paper 1mmed1ate.ly before belng placed 1n the flasks. Ten 

slices were used 1n each Warburg flask, g1vlng an a'ferage 

t:reah•we1ght of tissue per tlaak ot 256 mg. Slices were 

transferred to the flasks S.I!Dled1a telr instead of being 

soaked 1n running water for several houra before uae. 

Barron et al. (21 p.3'79) auggeat that prellmlnaey soaking 

of potato al1ces, while oaua.tng an increased "aplratlon 

rate, also brings about undesirable changes ln cell mem­

branes and causes the loaa ot wate;r.aoluble coenz,mea. 

After transferritlg potato s11cea to th flasks, which 

contained the required amount of butfer- th edges ot t~ 

flask center-cups were greased and 0.2 ml. ot 5~ KOli solu­

tion were added to all cupa except that of the ther..obaro­

_.ter. One-inch equar$a ot lter-paper were plea~d and 

lnaerted \nto tM center cupa to provide a large aurtace 

tor the abaOt-Pt1on of Cot• Bach •s:perimental run U.aually 

consisted ot one thermobaro.-ter and n1ne teat conditions, 

t.lee replicated. 

Tbe tlaeka, containing •ample, butter, and KOH eolu­

t1on, were attached to th& manometePs and the assemblies 

set in place on the •baker-bath. Prom f5 to eo mS.nutea 

were allowed tor equ111brat1on before the mano-.ter atop• 

oooka were oloaed and rtadtnga b•gun. Th1e permitted 

•qu111brat1on ot the Warburg assembly and at lea1t partial 

equ1l1br1wa between the sample and the chemical aubataDOea. 
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6. Tracer phoapbate etud1ea. 

A. Trea~ent ot plant materials. 

Incorporation ot radioactive phosphate lnto potato 

tuber sl1cea and Elodea apical stem aegmenta waa studied by 
Slsupplying HaP to the tlasuea ln 0.03 M. barbiturateo4 

butter ot pH 5.1. In all exp.er1menta, 10 ppm. ot carrier 

phoapba te were added aa m8PO4 to furnish a •table •om-ce 

ot inorganic phosphate to the tissues. Supplements ot OSA 

or DNP were added to the butter eolut1ona under three 

cond1t1onau .oooa M. OSA aloneJ .0002 x. DHP aloneJ 

.0002 M. CSA together w1th .0002 M. DIP. Oontrol samples 

were run with all tzPer1menta. 

The amount ot tracer phosphate added to aample.a was 

governed by the amouftt ot 1aotope available at the time the 

experiment was l"Un. Solutions weN made up to a standard 

voluae 1n butter, usually 20 ml., and placed 1n emall con­

ical flasks. The tissue tamplea (potato tuber slices or 

Elodea atem tlpa) w•N then added. In the potato exper1• 

menta, from 50 to 80 slices were used per tlaak. When 

Elodea waa used, atem tip segments were blotted and 

weighed and their proximal enda tr1~ed unt11 only 1.0 

gram of tip t1saue remained. Atter introcluc t1on of the 

tissues the isotope waa a44ed# 1n amounts ranging trom 7 

to 30 m1crocur1ea per tlqk. In each exper1Mnt, all 

flasks received an equal amount of isotope. The tlaaka, 

containing butter. t1sauea 1 laotope, and compounds to be 
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tested. were then plugged 11gbtl7 with cotton and 

placed in a shaker tor 9 to 1$ hours at room temperature. 

B. Extraction of the t1asuea. 

After shaking with the test solutions tor a given 

length ot tlme the tlaaue,s were removed trom the flasks 

and waahed three times 1n d1at1lled water to remove exter­

nal 1borgan1c pb.oapbate. f1asuea trom eaeh tlaek ••re ex• 

tracted w1th bo111rag eo% e,thanol and bf grinding ln a 

DtOrtar with tine oarborundua aand. Grinding and •.xtrac• 

t1on were continued until practically no l'ltdioact1V1t7 

could be detected 1n the reatdue. The washings from each 

sample were made up to 20 ml. with ethanol and centrifuged 

at 2000 rpm. tor 5 minutes to remove suspended matter. Tbe 

aupernatant extracts weN then caecanted and concentrated 
I 

to 10.0 ml. lb a vasruWll 4eas1eator. 

'lo detel'mine tb.e total rad1o•aotlv1 ty ot tlvl sample a 

two 1.0 ml. al1quota ot each •xtraot were plpf,tted lnta 

stainless steel cup plarscbeta and 4r1e4 tor cot,tnt1ng. Th• 

! 
' 

counts obta1ne4 trom these allquota were mu1t1~l.1ed b7 20 
I 

to g1ve the total ao tS.vl ty 1n the tissue,. ~) rema1n1ng 

eztrac ~ waa used tor eh:romatography. 

C. Ohromato,graphic eeparat1on ot pbospb. te es tere. 

Separation ot organle pb.oaphate oom.poundaf, waa aocom­
11 

p11ab.ed b'1 meana of asoenc!l1ng t1lter paper e~matog:-aphy 

w1tb an ammonia-methanol-water solvent d•acrl~~d by Ban• 
i \ 

durak1 and Axelrod (l, p.toe). The compoa1t~omot t~ 
\ 

http:p11ab.ed


solvent is: c.P . methanol. 6 partaJ 28~ ammonia water, 
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l partJ d1atilled wateP, 3 parts. Wbatman #1 filter paper 

sheets were out into stripe 1• wide and 18•1/t• lons tor 

use 1n chromatographic aeparat1on of the extraota. 

The extracts obtained as outlined abov were applied 

to the filter paper strlpa ln narrow bands approx1matel'J 

3" from one end, w1th fin• glass pipettes. Su.ff1elent 

extract was applied to each atr1p to give a count ot 500 

to 1000 counts per minute (cpm..). 

'l'b.e oha-olllatogram strips were developed in Pyrex 

chromatog%'apb.J jar equ1ppe·d with stainless-steel racks. 

The strip were placed on the raoks so that the extract 

bande were spaced at a aut.f1o1ent distance from the eol• 

vent troughs to require about 1 hour for the solvent to 

Nach them. In th1a way, the solvent vapors were able to 

saturate the atmosphere ln the jars before development ot 

the chl'omatograma began. !'b4 jars were covered w1 th glase 

cov$rs sealed w1th petrolatum, Development •as done ln a 

cold room at 3°0. The chroma tcgrapb.'J jara bad been pre­

viously cooled to tb1a temperature before use. About li 

hours were required to obtain a eolvent-tront m1grat1on 

of 30 em. • the maximum length perm1tted b'J the alz of 

the apparatus. 

After developm.ebt; tb.e d1stanee that the solvent b.ad 

travelled was marked on each atrtp, after which the atl"ipa 

were removed from the jars. Attar drying 1n a1r at room 
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temperature the poa1 t1on ot tb.e radioactive tractions 1n 

the extracts \tare determined by counting &ne•oentimeter 

intervals along the solvent path, starting at the center 

or the original extract application. Duplicate strips 
' were prepared for all extracts trem a single experiment. 

One of the strips waa counted throughout 1ta entire length 

and the second atrip was compared at points show!. ng actS.vi• 

ty on the original atrip. Oloae agreement was obtained 

between duplicate strips 1n all •xperimenta. 

By attaching an intact chromatogram atr1p to a cali­

brated strip of pressed tiberboax-d which a11dea freely in 

the grooves under the eountlng window ot a Traoerlab lead 

eountln obamb• lt la poaslble to poaitlon eonaeoutlve 

on •centimetel' aeotlons of the paper atripa under· tb.e 

counter-tube. A bl'Qas mask w1 th a rectangular •1ndow 2.5 

x 1.0 em~ 1a placed ever the mica w1naow ot tbe oounteP 

tube to 4ellm1 t the area trom wh1oh beta•part1ole• reacb. 

the tube trom the paper etr1p. Counting was t clll tated 

by a Trac-rlab Ut111ty Scaler equipped wlth a Trac rlab 

fGC•2 Gelger•R&ll•~ tube and a Berk$ley timer. 

Valttea ol' Bt, an •spreaelon ot the rat1o 

distance travelled by a given epot on chromatog:ram
Rt: 

~--------------------------------------------distance travelled by solvent tront, 

bave been published by Bandurak1 and Axelrod (1. p.408) 

tor tbe C·ommonl., .. occurr1ng bS.ol.og1ca1 organic pboapbate1 
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when d veloped on a paper obrolllB.togram w:S.tb. an ammonla­

methanol-w t r solvent system. 

As a check on the MpPochtc1b111 try ot the published 

method, known (non•ra41oact1v6) phosphate co=Pounds were 

applied to· atr1ps and separated chromatographic lly ln a 

manner identical to the. t ua .0 tor the plant extracts. Tb.e 

strips ••re tl*eated w1 tb. a perehlorte ao1d-HCl mixture 

(3, p.sa)_ htated ln an oven to hydrolyz tbe organic 

phosphate linkages, and then sprayed with a molybdic acid 

olut1on. !be strips were air•dr1 d and huns in an atmoa• 

pbere of H2s to develop color spots correapon41ng to the 

pos1t1ons of the migra'Md compounds on the paper str1pa. 

The two compounds thu.a checked• Glucoa •l•pho.spbate and 

3•phospb.ogl:yeer1c acid, show d Bt values close to tho • 

publ1 b.ed fo:r the e compounds, namely, 0.6:5 and 0.35, 

reap ctively (1, p.40a). Thus lt 1a l1k ly that the .ldent• 

ley ot moat ot the peaks on the plant•eztract obromato• 

grams may be d termined by roterrlng to the publtsb.ed 

values. 

http:publtsb.ed
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RBSULTS 

1. Avena oo;Leoptll! •1ogat1on. 

The aotlvtty ot CSA and Et•OSA tn producing auxtn• 

llke responses tn Avena eo1eopt1le sections la aummarl1ed 

1n. tables I; II1 and III, Elongation ot the control 

groups ot eoleoptlle te~nts receiving no test substances 

in solution aN tn elcuae agreentent. In the tbne sert ·a, 

the percet'ltages of elongat1o.n are u.e. ~. 1:5.&% and 13.6~. 

fbeae val.uea Npresent elOftlatlon• ot groups of teo sec• 

tiona reported aa pet-eent lnorease ot the or1g!na1 

lengths. i'he~ 1a general &£U'·••ment among tbe other 

treatments 1n the thl'ee series. lla!l:tmwn elongation of the 

aectiona was obtained w1th atmuttaneoua application of 

1ndole•3•acet1c aold together 111 th .001 M. OSA or . • 001 14. 

Et-oSA. Ethyl camphoreultonate applied togeth$:r w1 th IAA 

was most e.ftecttve ln stimulating elongation when appl1ed 

at .0001 M. 

When Et-GSA was applied at .001 11., either alone o~ 

ln combination w.itb. IAA, axed 1nh1b1tlon occurred. Btb.7l 

campb.oraultonate at .0001 K. 1nh1b1ted elongation, but 

less so than at .001 M. 

Oamphoraulton1e ao1d appl1•d alon• attmnl&ted elonga­

tion in all t~e ••~1•a at .oool M., bu' at .001 M. lt 

caused slight st1mulat1,on 1n the t1rst two aeries and 

strong lnh1b1t1oll in th.e tl11rd. 
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In4oleacet1o ac 4 waa able to overcome tbe 1nh1• 

blt1on of .0001 M • .Et•CSA but not ~ .001 M. B'b.OSA. It 

incr.ased elongat1on wlth .ool M. CSA but w1 tb. .0001 fl. 

CSA 1t caused strong lnh1b1t1on ln all aeries. 

Avena eo optile elongation data ahow that OSA atimu• 

late elongation at .0001 11. Both forms of OSA are 1nh1• 

b1 tory at .001 M., but the eater 1a mo" 1nh1b1tory than 

the acid at botb. .0001 M. and .001 M. 

Differences 1n permeab111ty to anionic oamphorsul­

tonate and to the ethyl ester may help explain the d1fte~ 

ences 1n act1v1 ty of the two forms ot OSA. Appar4U'.\tl.y, 

the ester enters the plant cell more readily than does the 

1on1c form. This 1s reflected ln higher 1nh1b1t1ons re­

sulting from Et.CSA than trom the tree acid. That OSA 1a 

aet1ve as an anion is suggested by higher actlv1t1es 

resulting t:rom .0001 m:. applications which permitted a 

l&wer concentration of OSA antons within the t1$stuts. 

These reaults are 1n agzte&Dlent w1tb t~e l'eport of Bond 

concerning the ffects of CSA on Elodea denaa at h1gh abd 

low coneentrat1ona. 



Table I 

Avena coleopt1le aect1on elongat1ona 84 hours. 

Cond1t1ona ot teat. Initial lepsth. Final l•nsth. d ElongatioD-- -
~ 

Cobtrol.a 51 7 13,6 

Indoleacet1c aeid~ 1 ppm. 40 47 7 17.5,. ' 

Camphoranlfontc ae1d.. .0001 M. 35 9 25,7 

Campb.oraultohic acid,. .001 M. ~ 40 5 :w.z 
Ethyl eamphonnltonate~ .0001 •· 36 40 ... ll.l. 

Bth,'l eamphonulfonate-. .001 fl-. 40 fO 0 0 

Indoleac tlc acid,. 1 ppm. plua
Ca.mphoraul.fon1c ac1d, .0001 M. 2 

Il'ldoleacetlc acid, 1 ppm. plus 
Camphora.ul1'on1c acid, .00:1 11. 11 

In«oleacet1c ae1d,. 1 ppm. plua 
Etb,.-1 phol'Jiulronate,. .0001 Jl. 60 15 

Itldoleaeet1e ae1d• l ppm. plus 
Etb:y'l eamphoran.lt"onat&, .001 M. 1 



kble .II 

Avena coleept11e section elotlg8.t1otu 90 hours. 
~ 

.-c.;.ond=1::;:.;t:;.;::;1;.;::o.n--.s. ~ te:a t .. In1tial lensth. Flnal length _a_ EloMat1oa 

Controls ...... 50-· 6 13.5 

Indoleacetic ac1d. 1 ppm. 42 ' 49 7 16.7 

Camphoraulton1o acid. .0001 M. 45 54 9 20.0 

Campboraultonie acid• .001 ~ 4S 50 '1 16.3 

Ethyl ca.mpbol"Bulfonate# .0001 •· as S8 B 5.5 

B.thJ'l. oampbor&ul.f'onate, .001 •· 40 11 1 2.5 

lndol"eet1c acid• 1 ppm. plus
CamphorsuU'on1c ac1d._ .0001 •• Q 3 7.3'" 
ID4o1eaeet1c ae1d., 1 ppm. plua 
Camphol'SUU'on!c aeid- .001 M. 40 52 12 30.0 

Indoleacetic ae14., 1 ppm. p~n.a 
:th'yl. C8JQPhorsnltenata., .0001 fl. 40 50 10· 25.0 

(it , 
C) 



fabie .III . 

Avena col•opt1le section elongation& 84 hours 

Cond1 tiona ,!!. te•t• 

Controls 

Indoleacetic ac1d, l ppm• 

C$DiphO!faulton1c ao1d, •0001 •• 

C~hor.ultonic acid• ·.001 •• 

Bth7l ttamphoraultonate,. .0001 •• 

Btbyl campborau1tonate• .ool 
Indo1eacet1c ao1d, 1 ppm. plua 
Camphorsul:fon1c ac14, .oool •• 
Indoleacetic ae1d; 1 ppm. plus 
Camphorsulron1c acid• .001 •• 

Indoleacet1e ac1d1 l ppm. plus 
Ethyl eampborsul.fotlate...0001 M. 

Ibdoleacetio ac1d 1. 1 ppm. plus 
Eth-yl campho:rsnl.f"onate; .oo1 M. 

In1tlal le!!ith+ 

-44 mm. 

42 

45 

'' 4S 

44 

41 

4S 

44 

45 

F1n.al unstb.• 

50 -· 

50 

5-i 

tl1 

50 

45 

58 

56 

4'1 

a 
6 

8 

9 

3 

8 

1 

l 

1~ 

n 

~ 
Elongation 

1&•6 11111
• 

19.0 

ao.o 
6.8 

11.1 

2•2 

a.a 

28.9 

25 

"·' 
s 



Plate II 1lluat:ratea the re·sponaes obtained trom sl:tt 

pea aeedl1aga upon t,...atmtnt w1 th IAA, CSA and Et-oSA. 

Stem sections were 1n cGntaot with tbe teat solutions tor 

12 boura beto~ being photographed. Five aectiona were 

used p r test condition, but the two moat typical ot these 

were a lected for photog:rapb1ng. This was done ln tbJ inter 

eat of space economy, to~ the uae of five aect1ona from 

each o the testa would bave presented photographic 

d1tf1oult1ea. 

Det1n1te 1nwal"d curvature ot the alit halves or the 

1nte~nodea was caused by I6A alone, as shown by the photo­

gl'&ph. Ethyl oamphor•ul.toraate at .0001 M. and .001 M. 

caused marked straightening ot the sllt halves, an auxin­

like action. ~n 1 or 2 ppm. ot IAA was applied 

together with Et-cSA the straightening was also evident. 

Cam.pboraul.fonio acid applied alone at .0001 M. cauaed a 

al1ght ~curvature ot the alit halves, but no curvature 

was cauaed at .OOl M. 

Compared with the Avena elongation testa. the pea 

teats are not aa 1nat~ct1~e in pointing to a relation­

ship between IAA and oam.phoraultotla te. Ethyl oampb.or­

aultonate aeems to have 4et1n1te activity in the pea teat, 

a property not ahown by the tree ae1d. Responaea to 

OSA alone show that .001 M, CSA causes no recurvature 

nat' ia 1nh1b! tory. At .0001 M, CSA there is a alight 

http:oampb.or


ln41cat1on o~ response, Indoleaeetlo ao1d applied 

together with CSA at ,0001 M. and .001 M. cauaea a alight 

response, but this ls not markedlJ different tram the 

response obtained trom CSA alone. 



II 
Resport$eS ot elit p&a internodes to IAA# CSA and Et-CSA 
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3. Elodea shoot growth. 

Tables IV and V l1at results of two aeries of teats 

intended to deter.m1ne the responses of Elodea denaa 

shoots to .0001 M. CSA and Bt-csA, as well as to a numbe~ 

of other compounds. These compounds were chosen from 

those reported by K1ng (20) to have activity in stimula­

ting or 1nh1b1t1ng growth ot Elodea shoots. Results from 

teats of Elo4ea responses are not as consistent aa those 

from Avena elongation teats. The aeries of Table IV was 

done with Bt•OSA only ~nd the aeries ot Table V was done 

w1th CSA and Et..OSA. Botb. the tree acid and its ethyl 

eater sttmulated growth of Elodea_atem apices, and 1n 

combination w1th indolebutyric acld this activity is 

heightened. A curious effect waa noted in the aampl•• 

receiving both IBA and campho:raultonate (Table V) 1n that 

after growth ba4 been a t1mula ted there was bleaching ot 

te~nal leaf whorls on the teat stem sections. In samples 

receiving IBA alone th1a ettect was noted, and 1 ta c!egree 

was increased when OSA and Bt-DSA were applied with IBA. 

Ethyl camphoraulfonate aggravated the damage more than 

the free aeld did. Aa in Avena, IAA and .0001 M. Et•CSA 

ln combination stimulated rapld elongation. 

With b1at1d1n , which 1taelt 1nh1bita growth o~ 

Elodea, Bt•CSA e11e1ta additional a1gns ot damage as evl• 

denoed by aeath or the proximal enda of at$m segments and 

alight cbloros1s. Whether this 1a primarily an etfect of 
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his t idine or Et-cSA 1a d1tt1eult to determine from 

these data . E1thezt compound alone d1d not exhibit paztti• 

cularly harmful ~tfects. 

Biotin caused an apparent 1nh1b1tion or growth1 and 

Et•CSA c used additional damage symptoms when pztese.nted 

with it. 

The appar$nt 1nh1b1 t1on eaus$d by yeast extl'&.ct 1n 

the t1rst a r1 s ot tests (hbl.e IV) may possibly be 

att~buted to anaeroblosla and ammonia liberation caused 

by m1oroorgan1sme which rapidly contaminated the samples 

conta1n1rt~ Y!'as t extl'act . In the later a r1 s of testa 

(Table V) solutions were changed more often and damage 1s 

• not so apparent as tn the earlier series. The importance 

of frequent solution changes tn growth studies or this 

kind is appaNtlt when certain compounds are added to the 

1 ~ cultures which tavor the growth of m1oroorgan1ams, King 

(20, p.l29, 131, 132, 1•1> c.U.d not obange. b1a oultu1'8 solu­

tions except at val"ytng 1ntel'Yals or 4 to 17 days -- 1n 

some instances not at all - · and 1t 1e doubtful whether 

many of his test compounds remained atable in solution 

for more than two or three days under continued 1llumina• 

t1on and 1n the preaenoe of Ddoroorg n1ama. 

Tryptophane alone dtd not stimulate elongation ln 

either of the two aerlea. T~tophane applied w1 th Et..CSA 

appeared te 1nh1b1 t growth 1n the first series and to stim­

ulate 1t al1gh.tly 1n the seeond ser1ea. 

http:extl'&.ct


Adenine aultate inhibited growth strongly in 

the second aeries, and this was partly reversed b7 CSA 

and Et•CSA. 

The :results of this study point to atlmu.latoey 

activity ot CSA and Et-cSA in growth of Elodta stem aeo­

tiena. Thta act1vlt7 appears to augment that of IAA and 

IBA,. but to be lnh1b1ted by adenlr.te sulfate and b.letidine. 

Thiamine and b1otln weN also 1nb.1b1tory, but slight rever• 

sal of thiamine 1nh1b1t1on waa oauaed by Et.CSA. 

http:adenlr.te


Tabl• IV 

BlQdea shoot grovlth.
(SOlu£1ona changed every two days) 

!'reatment Initial lenst)l. 

Controls ~.4: em. 

H. 4 ppm.1st1d1ne1 22.9 

H1at1cttne. 4 ppm. plus 
Ethyl eamphoraulfonate, .0001 M. 23.8 

Indoleacetic ae1d. 4 ppm. 23.9 

Indoleacetic acid• 4 ppm. plua 
Ethyl 4a.m.pbors-ulfonate, .0001 M. 8.'1 

Biotin, 4 ppm. 22.7 

B1·ot1n, 4 ppm. plus 
Etb:yl camphorsulfonate. .0001 u. 14.1 

Yeast ext"N-et, 12 ppm. 22.0 

Yeast eztract. l2 ppm. plu 
Ethyl eamphorsultonate, .0001 M. 13.0 

Tryptophane. 4 ppm. 13.1 

Teyp topbane• 4 ppm. plua
Ethyl campborsulfonate, .0001 M. 16.4 

Ethyl camphorsultonate .0001 M. 17.1 

9-clax le!!A~:: 

39.• 8 em. 

22.'7 

20.5 

29.8 

23.3 

26.5 

11.5 

19.6 

18.7 

14.3 

14.0 

19.3 

Change. 

--·. s .-"'4--.~ 

-o.2 

-3•.3 

4.9 

14.6 

3.8 

-2..4 

-2.4 

5.7 

1.2 

-2.4 .....,2.2 



Table V 

Blodea abbot growth. 
Al ternat1ng lO•bour periods of teat solutions and 24-hour periods o£ mineral nutrient 

alone. 
'l'J~eatment. In1t1al length. 9-daY. ~epgth. ChaPS•• 

Controls 

Camphorsnlfon1c acid,. .0001 K. 

Bthy1 eamphorsuUcnate,. .0001. M. 

Indclebutyr1c acid, 5 ppm. 

Indolebut,r1c acid, 5 ppm. plus
CamphorauU'on1c acid. .0001 x. 
Indolebutyric acid• 5 ppm. plus 
Etb:yl camphorsultonate • .ooo.l M. 
Yeast extract,. 10 ppm. 

Yeast extract,. 10 ppm. plua
Camphoraulton1c acid• .0001 M. 

Ye·aat. extnet, 10 ppm. plus 
Ethr1 camphoraulronate, .-0001 M. 

Tbiamine, 5 ppm. 

Tb1.am1ne. 5 ppm. plus 
Campboraulro~c acid, .0001 fl. 

i'h1am1ne, 5 ppm. plus 
Eth,-1 campb.oraultonate 1 .0001 M • . 

16.0 •• 1-6.5 om. 0.5 Cll'le 

15.5 16.5 1.0 

15.0 16.0 1.0 

19.2 21.& 2.3 

15.0 18.0 3.0 

19.0 20.5 1.5 

18.5 19.0 0.5 

16.0 1'7 .o 1.0 

18.5 19.5 1.0 

1'7.0 1'1.5 o.s 

15.0 15.5 0.5 

18.0 19.0 1 ..0 ' 



Jfable !.- continued 

Tre:a tme nt.. Itd.tial lepgth. 

T17Ptophane, 5 PPIU• 20.0 Cllle 

Tryptophane, 5 ppm. plua 
Campho~aulfobic acid .0001 M. l'l.S 

Tryptophane, 5 ppm. _plus
Ethyl camphoraul.f'onate, .0001 M. 17.0 

Adenine sulfate# 5 ppm. u.o 
Adenine sul.t'ate, 5 ppm. plua
Camphoraulton1c acid, .0001 M. 12.0 

Adenine aul.tate, 5 ppm. plus 
Ethyl eamphoraultonate# .001 M. 12.0 

'-daz ~l•pgtn. 

20.5 'CDL. 

"lS.Z 

18.0 

ll..• O 

12.3 

12.• S 

Change 

<l.5 'Cllle 

1.0 

~1..0 

a~o 

0.~ 

.G...Z 

~ 
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Plate III S.lluatratea the responses of Elodta 

stem eect1oaa to dln1 tropb.enol and CSA. After ten daJa ln 

phosphate buffer at pH 6.7, the plants reoelv1ng .0001 M. 

DNP were damaged aeverelJ• aa ev1dence(l by almost complete 

d1a1ntegrat1on of the tlasuea. When .ool M. CSA waa 

supplied the atem aeet1ons, moderate yellowing ot the 

leaves oc,curred. Dinitrophenol and OSA supp1.1eCl together 

caused little or no 4hanges 1n the appearance of the atema 

or leaves. Tbla ls an 1ntereat1ng result in tbe light of 

respirator1 t1nd1nga to be discussed 1n a later section. 
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l 2 

3 

Elodea denaa from cultures grown in .067 • • phosphate 
buffer (pH 6.7) for 10 da,-s under tluorescent illumination. 

l. Controls. 

2. Dinitrophenol, .00001 M. 

3. Dinitrophenol. .ooool M. and camphorsulton1c acid, .OOlm • 
.. 

4. Camphorsulton1c acid, .001 • • 

Plate III 



52 4.Beap1rat1on studies. 

Figures 1 through 5 port:ray graphically the results 

of experiments involving the effects of CSA on respira• 

t1on rat s of potato tuber slices. The results depicted 

in the graphs al'e .from 1ngle experiments chosen as typl• 

cal or a series of exp .rime.nts. A summary of the effects 

of CSA wh.1eh wer obse:rved ia given in the following 

paragraphs. Reference$ to the figures which apply to each 

statement are given at the end of each ltem. 

1. Camphoraulfonate depresses •ndog nous respiration rates 

of potato tuber ti sue ln an inert (barbiturate) butter 

(2•D,E:). 

2. Oampool'suU'onate s tlm.ulat.es endogenous l'esp1ra tion 

rates ot potato tuber tissue 1n a phosphate butter or 1n 

a barb1 turate buffer o.onta1ning phosphate (l•D,.EJ 3•BJ 

5•B). 

3. Indol•acet1c ao1a stimulates endogenous respiration 

rates of potato tuber tissue in a phosphate buffer (l•B) 

4. Indoleacetic acid depresses endogenous respiration ratee 

of potato tuher tissue in an inert buffer (2·B~. 

5. Camphorsultonate ugmenta IAA in stimulating endogenous 

respiration rates 1n a phosphate system (l~C,F). 

e. Oamphoraulfonate augments the depres.sion of respiration 

rates by IAA 1n an 1ner~ buffer (2·C~F). 

7. Wh&n dinitrophenol (DNP) 1s present in an inert butter 

1t depresses endogenous respiration rate at .0002 M. 

and .001 M. (4-B,C). 

http:tlm.ulat.es


53 a. When DNP 1a 1nhlb1t1ng reapirat1on rate 1n an inert 

butter at .0002 M., OSA rec!ueea the degree o~ 1nh1b1• 

t1on at .001 K., but less ao t .0001 M. (4•E,D). 

t. When DNP is lnb1b1t1ng at .001 M.; OSA la :relatively 

lnett&etive in reve~s1ng the inhibition at .001 M. or 

.0001 ll. ($•EJ. 4•FJ 5•E). 

10. In a pho pbate•contain1ng bu.fter (pH 5.9), DNP show• 

maN:ecl inhibition of respiration rate at .0002 11. (5-CJ 

3..C). The d•g:ree of respiratory 1nb.1bi tion by DNP at 

.001 M. does not appear to be as marked 1n phospba te 

ayatema as in inert systems (5•DJ 3•D). 

11. Ca.mphoraulfonate appears to augment DNP•1nhlb1tion in 

phosphate systems (!•B,FJ 5•E;F). 

These obael'Vationa were made from experiments using 

potato tubtr slices only. Some attempts were made to use 

Elodea in respiratory experiments but the volume ot tissue 

~ ~qu1Ped waa ao large that utilization ot standard-sized 

Warburg vessel was impractical. 

'b ft":tecta ot IAA . ~arng.O.SA on "sP1.ratlog t-ats g!··eotato 
. er :~:1Joi•"Uimo•R ti""bUft4r. 

Stimulat1on ot the respiration rate of pot to tuber 

altoea in phosphate butter 'by IAA am OSA is shown 1n Fig­

ure 1. The rate ot respiration 1n control tlasks 1a shown 

by curve A. Indoleacetic acid alone accelerated respS.ra• 

tion rate about 90%1 as shown by curve B. Camphorsulfon1e 

acid alao stimulated respirat1on rat&, as shown by curves 
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. I 

D and E. At . 0001 M.# CSA stimulated respiration rate 

almost as much aa IAA did at a similar concentration. In• 

creasing the concentration of CSA to . 001 M. gave a tnrtber 

increase in respiration rate. Campbo:rsultonate and IAA 

together gave an even greater respiration rate than CSA 

or IAA alone . It is significant that GSA aote 1n a 

manner similar to tba t of IAA in this experiment. 

Because this experiment was done w1 th phosphate but• 

fer the increases 1n respiration rate may be attributed 

tentatively to an increase in "aalt respiration" conoomi• 

tant with increased active uptake . The observations of 

Hackett and Th1mann (16. p . 554) that IAA and naphtbalene­

aoet1c acid stimulate the active uptake of water by potato 

d1sea suggest that the stimulations observed in thle ex• 

periment ar• attributable to an increased active uptake 

mediated by auxin . The a1milar1ty of respiratory r-espon­

ses l1o1ted by CSA to those of IAA indicate that the 

effect o£ this compound mar be similar to that of auxin. 

The effects ot IAA andCSA on resp1ration rate of potato 
l®er ailce!i1ii'Di'rblturat'81)uffer. - ­

The set of curves illustrated ln Figure 2 repre ents the 

results of an exper~ent performed ' under oGnd1t1ons simi• 

lar to those of the previous experiment exeept that a bar• 

blturate buffer was substituted for phoaphate butter. 

Cu~e A represents the respiration rate or the control 

samples. It will be noted that the reap1r tion rate is 



higher ln these samples tban 1rs those ot the prev1ot18 

group. Th.1s difference waa cona1stent ln repl1cat1ons of 

the samples and might be expla1ped by differences 1.n tubera 

from experiment to experiment. Slloea from a single tuber 

were used tn ach exper1ment f'otr tl'e purpose of holding 

t1.ssue var1at1ons down to aa small a value as possible . Ia 

contrast to the efteets found 1n the previous experiment. 

respiration rates were inhibited by IAA at . 0001 M. Oaa• 

pbo:t'aultonate also deprea·eed M$p1r t1on rates at , 0001 M, 

and . 001 M. Curves B- D and E 1llustrate these effects . 

The degree ot 1nh1b1tion by OSAI was related to .1ta concen• 

trat1on 1n the same way attmulat1on was r•lated to concen• 

trat1on in the previous •xperlment . The b1gbel" concentra­

tion ot OSA . 001 M. depressed r6ap1r$t1on rate more than 

tbe . oool M. level. Application of IAA together with OSA 

(Curves C an4 P) depressed reap1rat1on rate more thah 

either compeund alone wh&n .001 x. OSA was added to .oool II_ 

IAA. Whet! CSA wa$ appl1•d at , 0001 M. w1 th IAA at . 0001 

x., the 1nh1b1tlon was not as gHat as IAA applied aloM 

at . 0001 M. (Oompa~e curvet B and C). 

French and Beevers (14, p . 66l) :round that . 0001 M. 

IAA stimulat•d respiration ot c~rn eoleoptlle sections 1n 

phosphate butrer. ~· t1ndinga of the previous experi­

ment oonttrm the effectiveness ot . 0001 ll , IAA ln atimu­, 

lat1ng respiration ~ potato disoa in a pb.oaphate system. 

In an inert aystem, the same concentration acted to depress 
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respiration in a d•gree a1m1lar to ita at1mulat1on of 

respiration 1n phosphate butter, The meoban1am b7 which 

IAA acta in causing tb.e respiratory :rea.ponaea is not 

known, but 1t might be assumed trom the r1nd1nga or the 

experimenta lllustra d,· in F1guMs l. and 2 that the action 

ot IAA ln phoaphate buffers and in inert butters are oom• 

plementaey, 1. •• the mectlan1am wh1ch 1 st1mulat•d 1n the 

presence or phosphate 1e inhibited in ita abaenoe. This 

could be an ettect ot auxin er o~ substrate (phoapbate) 

but since th1a thosta concerns the ettecta ot CSA rather 

than t1le theory ot auxin action th1a was not 1nveat1gated 

turtber. 

rf etf'ec;t,a ot . C~t ~ Dtat .2.!! ". ap1pt1on ra~ S!! ROtato 
................ ·•.-..~* sX!cea''ln R oiP5ali"bU?ttr. 

In the aer1ea ot out-vea ill.uatrated in Figure &. the 

ettects ot DNP on respiration rates ot potato alloea in 

phosphate. butter are 1lluetrated. Cune A represents the 

resp1rat1e>n rates o£ control samples. Curves 0 and D abow 

the depreaston 1n veap1rat1on rate produced by mo4erately 

high ooncentrat1ons ot DNP, .0002 M. and .ool M. When 

CSA was auppl1ed alone" ftsp1l'Qt1on rates lnereaeed (curve 

B) as 1n the experiment of Figure 1. Acild1ng DNP and CSA 

together. however, caused a DBrked drop in respiration 

rate, as evidenced by curve . E and F. 'rbere was a tem• 

porary rise 1n reap1rat1on rate 1n these samples ro:r 

about 45 minut.a preceding a drop 1n oxygen uptake. This 
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waa probably a reflection or a changing equilibrium 

between the tissue alicew and the eompou.nda 1n aoluticut 

surrounding the slices. The col1Sb1ned action ot DBP and 

OSA waa so strongly inhibitory that an apparent "negative 

:resp1ztat1on" took plaee, One concentx-ation of CSA ta 

shown, .0002 M. , and this level was etteot1ve in causing a 

nearly identical 1nh1bi t .1on with two different concentra­

tions of DNP: .0002 M. and .001 

The action of CSA and DNP ln affecting Nspira.tion 

rates ot potato slices in barb1 tur1c acid buffer 1s illus­

trated in Figure '· Aa shown by curves B and o, d1n1 tro­

pbenol at .oooa • and .001 M. waa 1nhlb1tory. but OSA 

•upplied at .001 M. together with .0002 M. DNP was able to 

raise the resp1ratol"1 rate tram the level shown 1n rve 

B to that of urve E, trom 5~ to 86~ ot controls. At a 

low r concentration, .0001 M., the effects of OSA 1n re• 

versing DNP 1nb1b1t1on were not significant. Th1a la de• 

p1cted in oUl'Vea B and D. ~n DNP was present in a rela­

tively h1gb concentration, .001 M., then OSA at .0001 M. 

or .ool M. was unable to affect s1gn1t1eantly the tnh1b1• 

ted respiratory rate, aa shown 1n curve F. 

\ftlen exteztnal phosphate ls absent the effect ot CSA 

on DNP•inhibited t1aauea is that of partially reversing 

the 1nb1b1tion or D:tiP. This 1s 1n contrast to the res­
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ul.ta obta1ntd 1n the prev1oua exp•r1ment. where CSA 

augmented tb.e 1Qh1bit1on produced by DNP . Tb.e·ee t1ndinga 

point to an interaction between OSA and DNP. e1ther direct• 

l.y at a . 1te o£ ae tlon w1 th tbe organized cell or separ­

ately. at d1tf'erent points within the D18tabollc patbwaya 

ot the cell. The poss1bll1ty that OSA and DNP could 

tntepaot outa1d of the t1asuea and to~ a salt o~ eater 

1a eontralnd1oatad bJ the ac141c nature ot both of tba 

compounds. !be ultimate •ttect of eaeh or the compounds 

on the metabolism of the t1aauea muat lie ln a real 

effect upon a key site. or e1tea. w1tb1n the cell . 

'l'be !lfects ot CSA and DNP ~ 3ap1ratton rat1 of potato
fUDer .$1lcei'!.tiparSl'"£Ufiteb"u e:r cpn a~nl!lS phosphite. 

The reaults of this experiment,. •mploy1ng a 

'barb1 tur1c ac1d butter to •h1·ob. .01 M. lllaP04 bae been ad• 

ded~ cont:l rm the importance of an external lnorganlc pb.oa• 

phate supply to the natu.N ot CSA and DNP 1ntenct1on. Aa 

1n the xper1ment o:t Figul"e 3, . 0002 M. CSA at1Dllllated res­

piration rat a about 25~ over these of control sample 

(curve B). A a1m1lal' action aa ob•erved in the exPeri­

ment or F1gure l, but the degree of stimulation by .oool K. 

CSA 1n that eXperiment waa greateza than the at1mulat1on 

produced 1n this experiment . A higher concentration or 
inorganic phosphat in tbe first experiment may account 

for th1s. The results of the espertment of Figure 3 are 

1n agreement with thoa of thle exper1ment (Flgnre 5), in 
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inhibition produced by DNP. s is shown by curves E and 

F. The pres nee of CSA and together wlth phosphate is 

quite 1nh1b1toey. and this etfe 1s appar ntly independent 

of the prea~nee of barbiturate. 

The action or CSA and DNP in the experiments 

of _F1gur$a 3 and 5 is inta.resti 1n the light ot an 

apparent mutual antagonism between DNP and CSA shown in the 

Elodea growth experiment lts of which are 11lustra• 

ted in Plate III (p.6l}. phenol alone and CSA alone 

caused extensive damage to Elode 1n phosphate buffer. 

Supplied together, the compounds were not as harmtul as 

they were when applied singly. urtber experimentation 

with Elodea is ind1eated in stud 1ng this interaction. 

Swmnarized, the effect or OSA on resp1rat1on nte ot 

potato tuber tissue is an auxin•like stimulation ot respi­

ration ra t e in the presence of external inorganic phos• 

phate and a depression or respiration rate 1n an inert 

buffer. Theso etfocta are apparently reversed by DNP, 

Whioh causes CSA to depress respiration rate in phosphate• 

containing systems and to stimula to DNP lnb.1b1ted tissues .. 

1n inert butfe,rs. 
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FIGURE l 
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FIGURE 2 
Effects of camphoraultonic acid (CSA)
and indoleacetic acid (IAA) on resp­
iration rates ot potato tuber slices 
in o.oo M. bal'bituratB buffer., pH 6.0. 
Temperature: 30°C. 
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FIGURB 4 
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FIGURE 5 
Effects or camphoraultonic acid (CSA) 
and 2,4-~initropbenol (DNP) on resp­

420 ilQtion rates of potato tuber slices 
in Oe03 M. barbiturate buffer, with 
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5.Phoapba~ uptake. 

Figures 6 through 13 pMaent graphically the results 

ot radioactive phosphate uptake studies with potato tuber 

slices and Elodea shoots. Each t1gure is a profile ot the 

percentages et total rad1oaetivtty at points along paper 

chromatograms of tissue extraeta. 

Pb.oaihate uptake !! tissues peceivtng ~ teat 
subs aneea. 

Figure 6 is a chromatogram profile of radioactivity 

ot an extract of potatosl1cea incubated ln barbiturate 

butter. The total rad1oactiv1ty taken up by the tissue 

slices in 10 hour •as 269,000 cpm. At Rt o.o to 0.1 

there is b1gh aotivityj prtaumably from inorganic phos­

phate taken up and not incorporated into organic compounds. · 

An aveNge ot 3% of the total act!v1 ty la 1n the region 

ot Rt 0.1 to 0.2, where ATP and 2•pb.oaphoglycer1c acid 

represent the principal cnmponents. There la a alight 

peak at Rt 0.15, attributable to ATP. Complete separation 

ot ATP and 2•PGA was not obtained 1n the chromatograu 

resulting trom this study. Longer solvent migration paths 

or the use of two-dimensional separation or the organic 

phosphates might have proven more effective in separation 

ot tb.eae compounds. At Rt 0.25 tb.ere is a alight peak in 

the aetivityt presumably caused by radioactive Fructoa~ 

l,6•d1phoaphate or tree orthophosphate. Activity thereat• 

ter 1a low unt11 a slope starts at Rt 0.5 and rises to a 

aign1t1cant peak at 0.63. Glucoae-1-phospbate 1a 
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presumably responsible tor this peak. amounting to 

12% of the total activity. Activity appears to be par­

ticularly h1gh on glucoae•.l•pboapbate. Th1a distribution 

of compounds appears to be a normal pattern tor a carbo• 

hydrate storage organ aucb as potato tuber. 

Figure 10 represents the distribution of rad1oact1v1­

ty 1n an extract of untreated Elodea ahoot incubated 1n 

.01 M. barbiturate buffer for 12.5 bours. Total radio­

activity of the extract waa 292;000 cpm. A high propor­

tion of the total activity falls in the Rt rang o.o to 

0.11. This represents tba accumulation of a la~e amount 

of radioae tive inorganic phoepbate w1 th concom1 tant low 

pboaphorrylat1v activity. No significant peaks occur in 

the ch:romatogra.in before Rt 0.60•0.64, where glueoae-l­

phoaphate .1a preaum$d to occur. Apparently. the carbohy• 

drate ~taboliam of Elodea 1a not a active as that of 

potato tuber tissue. A ·generally low activity 1n the 

regions or the chromatogram occupied b7 organic phosphates 

indicates that the phosphate exchange 1n Elo(lea la rela­

tively inactive compared with potato t1aaue. 

PnosRbate u2takt :!! tlaaues tr-eated ~ ~44•d1n1tro• 
Rheno1. · 

Figure 7 represents. the pattern of phosphate aocumu­

. lated by potato tuber · slices incubated w1th .0002 M. DNP 

in barb1tur te buffer tor lO hours. A high proportion ot 

the total z-ad1oaet1v1ty 1s :represented by the inorganic 

http:0.60�0.64
http:ch:romatogra.in


pboapbatea the aotlvtt)T c4' which a:mounte to &2 to 38­

of' th total aottvi t,. between Bf' o.o and o.O$. A lower­

ed relative activity bttween at o.l. and 0.2 suggests taf't · 

A'W synthesis has been 1nb.1b1ted in the DNP-treated 

slices. Low r aot1v1t}' at Rt 0.24 - 0.25 lnd1oatea that 

trnctose•l, 6•d1phoephate -.,- be reduced 1n th1a sample. 

Activity at Rt 0.58 to 0.6& ls down to 2~ ot the total 

aot1vlty compared with 11% tor the corresponding rtglcnt 

tn the chromatogram of the control samples (Figure 6). 

!he total radioacttvt ty' ot the sample ta markedly lower 

than that of the control eamples: 45,300 cpm. 1n contrast 

to 269.000 opm. This lndlcates that total uptak ot 

phoapbate waa mapkedl7 1nh1b1ted by DNP. Not onl7 1a phos­

phate uptake reduced to about 20~ ot the control aample ~ 

but a much smaller proportion ot this phosphate 1a in• 

corporated into organic phosphate. 

A ra41oact1v1ty prof'1l• almilar to that shown 1n 

extracts ot :DNP•treated potato al1cea 1a shown by extracts 

ot DNP•treated Elod•a• F1gu" 11 illustrates this s1m1lal'­

1t.,.. Lower ac t1v1t1e$ ln :Ng1ons represent1ng organic 

phosphate, particularly Rt 0.60 - o.es. suggest that phoa• 

pbo17l tien baa b•en 1nbibited 1n the DNP•treated !lodea 

tissues. The total act1v1 ty tn the sample 1a appros1mate­

1y one•.fitth that of the control Elodea samples, 1ndlca• 

t1ng strong 1nhlb1 t1on of phosphate uptake by DNP. tn• 

organic phosphates represented b7 Rt o.o to 0.1 poeaeaa 
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a percentage of the total rad1oaet1v1 ty similar to 

that shown for inorganic phosphate in the potato slic.es 

receiving DNP . This suggests that the phosphate which is 

taken up in the presence of DNP 1s not converted to organ­

le eaters ln Elod!~ · 

Pbosphatl u,ptake 1n tlaauea receiving 2,,4• d1n1tropbeno1 
ana 2!!1? ottauifonti acta. 

Potato tissues incubated in barbiturate butter for 10 

hours with 0 . 0002 M. DNP and .0002 M, OSA yielded an alco­

holic extract whose radioactivity distribution 1a 1llus• 

tra.ted 1n the chromatogram profile of Figure a. In the 

region Rt o.o to o.l the inorganic phosphate act1v1 ty 1a 

ln a proportion a1m1lar to the percentage of total activ­

ity shown for this region in Figure 7. Total l'&dioaot1v­

1ty of the sample 1a 57.400 opm._ 12.100 counts higher 

than that ot potato slices receiving DNP alone. Prom Rt 

0.1 to 0.2 there is a slightly lower activity in Figure 9 

than in Figure 7. but the difference is so small aa to be 

1na1gn1f1cant. Between Rt 0 . 2 aai 0 . 3, however, thepe is 

d1m.1n1shed act1vi ty in the DNP and CSA• treated sample. 

This region, showing an average of 2~ of the total aotlv­

S.ty in the DNP• treated sample, is from i to 
./ 

J$·,' of the 
.,.' 

total aot1v1ty ltt the sample reee1v1ng both OSA snd DNP. 

Act1vlty la negl1g1ble from Rt 0 . 3 to 0 . 47• where · a small 

peak representing 2% of total aot1v1 ty f:1ppears . 'l'b.ia la 

pr.aumably caused by radioactive Glucose•6• phoapbate . 
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There 1a low aet1v1ty at Rt 0.60 - 0.65, the percen• 

tag• of total act1v1 ty ln tn1a region being appro:x1matel1 

half that or the eorrespon(!ing region 1n the chromatogram 

ot the DNP•treated sample (Figure 7). This suggests that 

CSA has caused a shift 1n the proportionate amount of 

labelling in Glueoae•l..-phospbate and Glueose•6-phospbate 

in the presence of DNP. There 1s an 1nerease in the aotiv• 

1ty of Gluoose•6•phosphate in the DNP•CSA sample that does 

not appear in the DNP sample. 

Phosphate uptake in tl1eu• reoe1vtns C!!llRhoraultonic 
acid alone. ­

Figure 9 rep~aents the distribttt1on of rad1oact1v• 

tty 1n potato tuber slices receiving .0002 At. CSA 1n bar­

biturate butter for 10 hours. Total activity 1n the CSA• 

tr-eated slices is 14% greater than that in the control 

samples (306,000 cpm. 1n oompa.:r:-lson w1th 269 1 000 cpm. ) • 

'l'h1a suggests that CSA stimulates the uptake ot phosphate 

1n potato tuber tissue. Corroboration 1s given this obser­

vation by respil'atol."y findings (Figures 1, 3 and 5) which 

show that CSA stimulates ~espirat1on rate of potato tuber 

slices ln pb.osphate•cont,a.1n1ng butter. 

Distribution or the phosphate eaters in the CSA• 

treated slices 1a shown in Figure 9. From Br o.o to 0.1, 

th.e re,lat1ve amount or 1norgan1c phosphates is approximate­

ly equal to that in the control sl1ees (Ftgure 6}. From 

Rt 0.1 to o.2, the activity in Figure 9 1s distributed dit• 

i'erently than in the controls. A higher proportion or the 
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activity in this region is between Rt 0 . 1 and 0 . 13 

than in the remainder of the region . It is possible that 

this is attributable to imperfect separation ot inorganic 

phosphates, ATP and 2- PGA . Duplicate chromatograms of 

this extract showed a similar distribution in this region , 

however. Significantly lower activity is evident in the 

CSA- treated sample in the region Rt 0 . 2 to 0.3 than in the 

control sample . This is apparently caused by lowered 

activity of Fructose- 1,6- diphospb.ate or orthophosphate in 

the CSA-treated sample. Activ1 ty remains at a negligible 

level from Rf 0 . 3 to 0 . 4, where a gradual rise in activity 

occurs up to 0 . 5. This peak 1s presumed to be caused by 

increased labelling in Fructose- 6- phosphate, Glucose- 6­

phosphate, and phoaphoenol pyruvate. There is a drop in 

activity at .Rf 0 . 53 and a sharp rise at Rf 0 . 54, with a 

continuing rise up to Rf 0.60, where the amount of activi­

ty is 12% of the total aetiv1ty, indicating heavy label­

ling in Glucose-1-phosphate. The fluctuation in activity 

between Rf 0.53 and o.54 cannot be explained on the basis 

of published Rf values for organic phosphate esters, for 

there are no compounds reported for this Rf region (1 , P• 

408). Heavy labelling in the Glucose- 1- phosphate fraction 

may, however, cause spreading in the chromatogram region 

closely adjacent to the area of highest activity, and tb.ia 

wil~ obacure the separation of' compounds having narrowly­

separated Rt values . 
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Figure 13 represents a profile of a chromatogram 

of an extract or Elodea 1ncubated tor 12.5 hours with 

0.0002 M. CSA 1n barbiturate buffer. 'l'ota~ activity 

in this extract 1a 325,000 cpm. in contrast to 292,000 

cpm. 1n the control samples. The difference of ll~ may 

indicate that CSA baa stimulated phosphate uptake in Elodea 

High concentration of the activity between Rt o.o and 0.3 

in the CSA-treated sample is exhibited in Figure 13. This 

difference from the control pattern was also observed in 

duplicate chromatogram strips. Camphorsulfonate has 

apparently caused a redistribution of the radioactivity 

into organic phosphate compounds, as evidenced by increased 

labelling in compounds of Rt 0.1 to 0.3. Poor separation 

of these compounds is probably explained by concentration 

of high activity within a short region on the . chromato­

gram acting to obscure the boundaries between closely 

adjacent areas on the chromatogram. Activity in the CSA­

treated samples falls to a negligible level between Rt 

0.3 and 0.5, where a slight rise in activity is apparent 

between Rf 0.5 and 0.55. The identity of this peak is not 

known, and its presence is probably· not caused by high 

activity in a closely-adjoining region. The peak at Rf 

0.5 is a fairly discrete one, amounting to 2~ of the 

total activity. No other peaks occur between it and Rt" 

0.65, where a s1m1lar rise in activity is noted again, 

amounting to about 2% or the total activity. The activity 
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ot this laat peak 1s about twice that or the peak at 

a a1m1lar place 1n the chromatogram of the control samples. 

This would auggeat that 1n Elodea OSA tavora the accumula­

tion of organic pboaphat~ eaters. 

The •1gn1r1cance or these observations may lie in the 

tact that CSA ts able to stimulate the S.neorporatton or S.n• 

organic phosphate into Grgan1c este:rs as well as stimulate 

total uptake ot phospbate. Camphoraultonate ts apparently 

able to oau e a small increase in phosphate uptake tn DNP• 

potaoned tissues, but lta effect on phoapho:eylat1on 1a 

probably not a1gn1fieant. 

That DNP attecta phosphate metabolism strongly 1a 

1nd1cated by the marked lowering or relative amounts or 

organic phosphates in potato tuber slices incubated with 

DNP. Total uptak• ta also dim1n1ahed by DNP, aa evidenced 

by the attenuated total radioactivity ln samples or Elodea 

and potato tuber treated with DNP. 

The results discussed in the foregoing pages auaceat 

tnat CSA baa the following act1v1t1ea 1n the plant t1ssuea 

atud1edt 

1. The property ot atimulat1ng growth 1n Avena oole­

optlle aect1ons and to a lesser extent, the pro­

perty of st1mulat1ng curvature of alit pea inter­

nodes. The compound 1s aet1ve 1n stimulating 

growth ot Elodea stem aeotlona in eonoentratlona 

ot .0001 M. CSA 1a tox1o to Jll&dea at .001 M. 



2. CSA stimulates respiration rate of potato tuber 

tissues in phosphate buffer. 

3. The stimulation of respiration rate 1s similar to 

that of IAA. 1.e., 1s auxin-like. 

4. Camphorsulfonic acid at1mulates uptake of inorgan­

ic phosphate in Elodea and potato tuber slices. 

5. Camphorsulfon1e acid appears. to stimulate phos• 

pho%'1l·at1on in intact tis~mes. To establish. 

this e.ffeet as f real one, critical experiments 

should be performed to determine the actual 

amounts of individual phosphate esters formed in 

CSA-treated tissues. 

6. Camphorsultonate appears to favor the appearance 

of Glucose-6•phospb.ate in extracts of plants test­

ed with it. Again, this effect should be checked 

with experiments designed to measure the actual 

amount or Glu:eose•6•phosphate presen-t in CSA­

treate4 t1sstuts. 

7.,. The metabolic e.ftects described are in line with 

grow~h ef!"ects described in the early part O·f 

this thesis,. 



74 

Table "Q 

at values of ol'gantc phosphate eaters developed wlth 
a 3:611 water-metbanol•ammon1a solvent 

(1. p.408) 
system, 

Rf valu! Compound 

o.os Pyrophosphate 
o.oe Tr1polJPhoaphate 
0.15 Adenoa1netriphosphate 
o.1s 2•phoephoglycerat 
0.24 Fructoae...l 

phate 
6-dipb.os­

o.es Orthophosphate 
0.32 Adenoaine•3•pbospbate 

0.35 3•phaaphoglycerate 
0.44 Fructoae-6-phoapbate 
0.46 Phosphoenolpyruvate 
0.48 Glucoae•6•pbosphate 
o.ao Glucoae•l•phoapbate 

,. 
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FIGURE 6e Distribution pattern or organic phosphate e~tera 

in a paper chDomatogram of an alcoholic extract 
to or 2.0 grams or potato tuber slices. Tiaauea 1ncu• .... bated 10 hou:ns in eOl M. barbiturate butter, pH
!: 5.3.-:;30 
cC CONTROLS. Total activity: .... 
: 2691 000 cpm.
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FIGURE 7. Distribution pattern or organic phosphate ea ters 

in a paper chromatogram or an alcoholic e xtract 
of 2.0 grams of potato tuber i1ice a. Tiaaue a incu­
bated 10 hours in .01 M. barbiturate butter, pH 
5.3. 

P> 30 ... ..... 2 1 4-DINITROPHENOL, 0.0002 M. Total act1v1 ty: 
~ ........ 45.300 cpa. 
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FIGURE a. Distribution pattern of organic phosphate esters 

in a paper chromatogram of an alcoholic extract 
of 2.0 grems of potato tuber slices . Tis sue s 
incubated 10 hours in .01 M. barbiturate buffer, 
pH 5.3. 

2,4-DINITROPHENOL. 0.0002 M. and Total activity z~.. ~0 

CAMPHORSULFONIC ACID, 0.0002 M• 57•400 cpm..... 
......"" 
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l-' IG URE 9. Distribution pattern of organic phosphate esters 

in a paper chromatogram of alcoholic extract of 
2 .0 grams of potato tuber slices. Tissues incu­
bated 10 hours in .01 M. barbiturate buffer, pH 
5.3.30 

CAMPHORSULFONIC ACID, Oe0002 Me Total activity:•.... 
~... 306,000 cpm...... 
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FIGURE 10. D1strib.ut1on pattern of organic phosphate eaters 
in a paper chromatogram of an alcoholic extract 
of 1.0 gram or Elodea densa stem apex. Tiaaues 
incubated 12.5 hours i~ M. barbiturate buffer, 
pH 5.3. 

GONTROLS. Total activity: 

292,000 cpa. 

o.~ o.a 
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FI :illHE 11 . Distribution pattern of organic phosphato esters 
in a paper chromatogram of an alcoholic e~traot 
of 1.0 gram of Elodea densa stem apex . Tissues . 
incnbnted 12.5 hours 1n-;o! M. barbiturate buffer, 
pH 5 . :5 . 

2 , 4- DINI 'l'ROPHENOL, 0 . 0002 M. Total activity: 

58 , 000 cpm. 
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FIGURE 12, Distribution pattern o~ organic phosphate es ters 

in a paper chromatogram of an alcoholi-c extract 
of 1,0 gram of Elodea densa stem apex. Tissues 
incubated 12,5 hours in-;o! M, barbiturate buffer, 
pH 5,3.,...30 

~ .... 2 1 4-DINITROPHENOL, 0.0002 M. and To tal ac t1 v1ty:p. .... CAMPHORSULFONIC ACID, 0.0002 M • 
~ 
() 62,000 cpm.
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FI GtTHE 13. Distribution pattern of organic phospha te esters 

in a paper chromatog ram of an alcoholic extract 
of 1.0 gram of Elodea densa stem apex . Tissues 
incuba ted 12.5 hours in-;oi M. bar~itura te buffer, 
pH 5.3. 
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DISCUSSION 

Claaaical tbaol"J demands. that a growth aubatance 

bave the following cbaracter1st1ca: a ring ayatem 1n the 
I 

•lecul•• a ·dOUble-bond 1n the ring, a polar gl'OUp removed 

from t~ ring b'f at least OM· carbon ato•• and a &.:t1n1te 

apat1al relatl0l'lah1p between the zt1ng and a1de-cba1n (21, 

p.l79). Camphoraulton1~ acld appears to lack the essen­

tial ftqu1rement ot baYing aneaturatlon at some point 

w1thin 1 ta ring. 

Plant growth act1v1ty baa been reported ror' the 

oampho~ skeleton in at least oH lnatance, that of 

campbo~nme (3'1• p.491). C.amphonulfonic acid, while 

dU'f'erent rrom. ouaphoroxiae (II) could po•••• almtlar 

a1)t1v1ty it the apeccUtolt,' at actio&. were not wbol17 

. d.epertdellt apon tb~ •datenoe ot an od.ae group e-n l'o.a 

carbon atom 111 the nns. 

1I 
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Camphoraulton1c acld (III) laoka a double bond 

ln 1ta rlng nucleus~ which would preclude lta 1nolua1on 

..Obg tbe aubataaoea wb1ch tbeoretloallJ ought to have 

g!'OWth act1-.1t'J. 4fauto~ataMa&t1oa of tM Jto. a Jt•to group. 

bow.v•r• to 71•14 an nolls~ toa wlth oae 4ouble-bob4 

b•tween oal"bo a aftd 3 would ••tidy tb1a requlreMat 

(.IV).• . 

H 

m 

Alka11mt oondl ttcma favor tomatlon ot the ebOl. tora 

but "the &JIOQnt ot thla tautoMz- U1at1ng at phJalologlcal 

pB ranges 1a probab~7 qul te PAll (38. p.MI). U the 

poea1blllty that th1a toa _,. ed.at at all under phJalo­

loglcal cond1t1ona la granted. then the act!v11;J' of CSA 

might be related to that ot compounds which poaaeaa un­

aaturatlon ln the1r rlng nuclei. Enol de~lvat1ve ot CSA 

might be teated tor act1v1 t,. to investigate tb.1a hJpo­

tbeala. No such compounds were available tor atudy 
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dut"1ng tbta• 1nva_a.t1gat1ons. and ti was not 

available in w:blcb. t~ prepare thea. 

It baa been demonat:rated that the -optical rotation 

ot growth-active, SUb-stances may &rtect the1~. degree or 

actiVity, : In gen•ral~ the ( + ) enantlomol'pbe of active 

oompo\lllde ha:ve been •hown to be DlON aet1ve than tba 

·( - ) . forma or the1r racematea (41, p.l'14•1'19). !be 

POtator,- power of d..CSA 18 aaauNd under all normal 

phl'a1olig1cal conditions b7 1ta poaaess1on ot two centers 

ot asaJ1D8try at carbon atoms l and 4. Baceml.zatlon ot the 

camphor r1ng can oec.ur onl7 undett draa~tic condltiona, e.g., 

treatme.nt \lith rumtng aulrnric ac14 (38, p •. 351). 

Ve1dst.ra baa proposed that to be active,. a compound 

must be oriented upon adsorpti-on 1n such a way that the 

polar grooup 1a perpeml1cttlu to the plane ot adsorption. 

'lbta- would be d1tr1ca1t for CSA to aet bec-.uae of the un• 

b1ndet'8d rota~1on oE tbe aul..ton1c g1"0Up. I.t the act1v1tr 

p-oaaeaaed b'f CSA ree14uea Me1des ·la 1ta ab1l1ty to adaorb 

1n a apec1t1c manner to an 1ntertace., the actlve points 

ot' a4aorpt1on would probablJ be . tbe number 2 k•to group 

and the anlf'on1c gl"'Up. Work with mol.aeulat- models may 

reveal some ot the poasib111ti.ea in thls reapeo:t. The 

exact apat1al re-lations o£ apecltl.c ad•orpt!on 1n btolo­

g1cal ayatem are ao .lncompletel7 understood. at p:r sent 

that DlOrtt tb.an conjectllft ·1s not possible• 

It: 1a apparent fr4m the data presented that camphor­

http:poasib111ti.ea
http:Ve1dst.ra
http:treatme.nt
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aulton1c acid poaaeaaea eome degree, of b1olog1oal 

act1v1ty 1n plant t1aauea. Th1a compound baa the propert)' 

or at1mulat1ng elongation 1n oat coleoptile aect1ona and, 

to a leaaer extent. ot caua1ng curvature or alit pea inter­

nodes. The concentrations 1n wh1oh CSA 1a active are aome• 

what higher than concen·trationa or IAA which produee the 

a&M reaponae. Oamphoraultonic aoid at .0001 M. <.H.• 2~ 
ppm.) cauaea elongation ot eoleopt1le aes-enta 1n a degree 

only slightly higher than that caused by 1 ppa. I.U (.2,!.• 

.00005'1 M.). At .001 M., CSA lnbibita growth and ..,. e ­

h1b1t toz1c1 t,-. '1'be etbyl eat.r of OSA appears to be more 

active in 1nb1b1t1QS ooleopt1le elongat1~n .and 1n produ­

cing .arked straightening of pea lnterbode halYea. Th1a 

higher ac t1"ti t., of the eater would be ezpec ted if the 

assumption la made tmn the eater entera. ttaauea more 

read1 1 thatl tbe tree actd. wb1ch probabl1 ex1ata as an 

anton at tbe pH Yalues reported here. 

Re•ulta or Blodea growth atud1ea are leaa conoluatv. 

but auggeat that CSA and Bt-cSA exbib1t growth act1v1ty 1n 

thta plant. In Avena coleopt1le elongation teats and in 

Elodea experiments there appeara to be a aynerg1am between 

indolyl-type growth regulatore and OBA. · The appl1cation 

ot CSA together w1th auxin el1c1ta greater reaponaea 1n 

coleopt1lea o:r Elodea than auxin oP CSA alone. The a..­

rela t1on applies to 1nhib1tory concentratlona ot CSA. Be­

cause indoleacetic acid and 1ndolebutyr1o acid ba~e 
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growth activity s1Diilar to that ot CSA 1n the tissuea 

atudled, it appears that the action of ~ the compounds may be 

a1m1lar. 

·'l'bat CSA stimulates the active uptake or anions 1a 

auggested b7 the reaulta of radioactive phosphate uptake 

experiments (P1gurea 0 and 13). Other workers (16, p.558J 

23, p.2?-4J 28, p.B26) have atud1ed the increase 1n water­

uptake by potato tissue induced by auxin, and their find­

ings point to a attmnlat1on ot •active• (i.e., more tban 

oaaot1c) water-uptake · d1ated by auxlna. The behavior of 

CSA tn stimulating active water-uptake should be checked 

before more than a auggeat1on can be made regarding the 

ability of OSA to at1mulate an •active" uptake. 

Reap1rat1on data indicate that OSA atimu:latea OX'fgen 

uptake in potato al1oea 1n a manner aimilar to that of IAA. 

It la of interest to note than a phoapbate butter waa nec­

essary tor the ·at1malatory effects ot CSA and IAA to be 

exerted. In a barb! turate bu.tr~. both compounds inhibited 

respiration rate. Thls obaervatton 1s 1ntereat1ng in Yld 

ot the tact that moat auxin reapiratory atudie• reported in 

the literature ha'Ye involved the use of phoapbate buttera 

or whole tissue pa rta not 1JIUB8raed 1n butter. As tar aa 

the wr1ter 1a able to deteftllne, no auln rtap1rat1on 

exp•r1JBianta have been made w1 tb the uae o.r barb1 turate or 

other 1nert butters. The dependence ot the aux1nal aupply 

ot inorganic phosphate is suggested by results ot the 



the present experiments. A comparison of Figures lt 

3 and 5 suggests that barbiturate ltselt waa not atteotlng 

the respiratory reaponaea to OSA. Tb.eu figures abow that 

phosphate alone or phosphate 1n the presence of barbiturate 

allowed reap1ratory lncre se 1n the presence ot CSA or IAA. 

The ability ot CSA to atbmlate respiration rate ln 

the presence ot DNP and 1n the abaen-oe or external inor­

ganic phoaphate (P1gure 4) •uggeata a l'lOnaunn•llke actlv­

1 ty tor CSA. It baa ~en reported ('7. p.~4) that IAA 

tails to el1c1t response• from coleopt1le aecttona lnb1­

b1ted by DRP. If the aotlon ot CSA were almilar to that 

ot IAA, lt might ~· expe-cted that n~ reaplratOl"J response 

would be promoted· 'b7 CSA ln the presence ot DNP. Bonner 

(!2£•s!!·> reported ·that d1chloroan1aole was ant-son1at1c 

to the ao t1on ot D1iP. When tiaauea were 1nh1blted by b1gb 

concentrations ot DNP. addition ot d1cbloroan1sole brought 

respiration rate up to a value higher than that ot the 

control t1aauaa. It may be tt.t the action of CSA 1a 

similar. 

Cona1atently h1gber act1•1ty ln the Rt o.• to Oe65 

region 1n chroalatog:ra.. ot utracta f"ro CSA..,treated pota­

to al1cea aDd Elodea, auggeata that OSA llaJ' tavor the 

accwmlat1on o~ orgaft1c pb.oapbate eaters (glucoae-1-phoa­

pbate. glucoae-6-pbpapbate and phoapbeenol pyruYate). 

'l'h1a may arlee 1n two wayat CSA 1a 1nh1b1tlng the ut111­

sat1on o~ the phosphate ea tera or 1 t is at11Dulat1ng their 
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formation) or. it stimulate or prevents uae of a phos­

phate eater not usually 1n high concentration. It 1a not 

possible to determine from the present experiments which of 

these mecban1al111 ia responsible for the 1ncreaa in organic 

phosphates. 

Further work is indloated bJ the xperlmenta embodied 

1n th1a thesis.. It should be determined whether CSA haa 

anr effects on oxidation ot ~ba crcl acids by tocbon­

dr1al auapenstona and 1 t should be determined whether CSA 

baa any effect on the relative rates ot glycolrs1a and 

other mecha.nlama related to 1t. Quantitative measurements 

of the amounts o~ phoaphol'Jlated intermediates present in 

CSA-t~ated t1 sues and in normal tissues might shed light 

on the at te ot action ot OSA. 



i'bl• thesis embodies e-xpePlmental warlt which demon­

strates tba act1vlty of e8lllphoraul.ton1c acid in 1ntlueu­

e1ng tb.e. growth of tao1ated plant parts. The ac~1v1tr of 

the •thJ1 ••ter ot OM 1n tnb1blt1ng eloftgatlon ot oat 

coleoptlle aeettona arKS ,lra, eaua1ng eunature or p•a stem. 

1.nternodea has been aeaerlbed. 

Beaplrat1on experiments were pal'f'ormed wbleh ahow 

that CSA atimulatea rNplrat1on ntes ot potato tuber 

sltce.s 1n phosphate buft"er a.,-atema and 1nb1b1ta Mapln­

t1on itt the abae~tce or pheapb:ate antoQ. Some 1nterHla­

t1ona between CSA and 2.,6-dlDltrophenol are described abd 

d1ac118aed. 

The etreeta of CSA on the uptake or radioactive phos­

phate by p·otato tubeP al1cea were· atud1ed. Beaulta ot 

theae atudlea suggest that CSA may stimulate pb.oaphate 

uptake and polntefl to a poaa1ble attnmJ.atoey 1ntlu.ence of 

OSA on pbospbo-rylatlon 1n potato tuber al.lcea and Elodea. 
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APPBJmiX 

Data pointe flO£ E!Spil'lltloD rate tlgprea. 

Averaged valuea fer cJup11eate naaka • 

.P1spre 1 1 

IQ.eJOlltera ot Olt7&en ~r-~-._ctf' t3•b.__t1_t..t'-~- _ _ _ _ _ __ 
Minutea Controla IAl CIA CSA m -- UA 

.0001 •· .0001 •· .oo1 •· 10001 -, •OOfi •·C!l c. 
(A) (B) .(B) (D) .0001 M (C). .001 Jl (F) 

30 26 46 as 44 59 &6 

60 69 102 88 101 144 126 

90 95 1M 135 144 201 194 

120 108 186 164 19. 238 850 

150 134 236 227 264 300 328 

190 164 300 296 35.6 366 ~ 

~ 



APPBHDI.'l• OQlltid:
Plgu:re 2t 

M1ero11tera of o:xygen . pe~ g_rf1a_ ot_t~ab ts._a,;::;.stt;;:::.•=-------
Mlnutes Cont11018 Ill · W IAA CSl . - . CSA 

,0001 If. ,0001· Ill, ,0001 II, - ,0001 M. ,001 II,
:t:Q dSI .. 

(A) (lU .0001 '-~(C) _ ,QOl_JlJ~J :' (B) -~(-=D..f-)___ 

30 5& 42 H 40 38 
- • 
~o 110 78 78 '10 sa . 79 

125 21-i lS-i 140 120 ,. 1'14 .lG 
.1 

.. ' 155 258 lD 160 1M 214 1?1 

190 soo 168 188 164 IS<& 192 
M1nutea Controls C~· ""- ·- u- -·b·:fe-~~ DIP~·~~·-~ - ~; --·-- - ~~ 

.~ - ~~. ,0002 It, ,001 M, ,oo1 M. ,ooo2 •· 
~n en 

(A) (B) (0) (D) ,0002 M (B) ,0002 If. (P! 

50 5:5 27 z -35 35 

45 72 '14 sa 36 55 68 

120 215 26& 120 '10 28 34 

180 302 $85 15'1 120 21 26 

200 360 428 172 ue 22 26 
t:Q 
(J) ' 



APPBtmiX1 con'd• 

,Plan·I,'• 
_ __ 1floro11tera ot o.n ·per '1J ot treah t1aaue 

Minutea ' Controls DIP · ,D . - DIP DIP . 
•oooa x. .001 K. •Oft •· ,ooos •· •2@12 ~ d 081 ~ 

___ -~ ___ _Cl_l __ ~J»J - {OJ _ e®l~ J(_,(l~l- _.0001_ .. (D) _ ,OQ_l._J_._{J_} 

46 ea 0 44 6-' 18 40 

16& 210 138 41 63 124 l.50 

200 258 153 40 80 l.S 250 

P!qreaiP
JU.nut•• Controls CSA DJtll b Dlt -~ DNl 

.oooa •· .oooa •· ,,ool •· ,oosi •· ,ooHs •·c · c X 
~~~-' ~ -----<A1 ___ ,. __ _(,Jc . ~JO) ,, .(D) ,, ,0002 K,(E)_ .0002 Jl,_(,)_ ___ ~ 

15 25 26 ea 18 , 18 14 

30 55 38 f8 8) :so 46 

45 72 100 40 40 45 60 

180 248 350 142 lla B) 3S 

200 296 390 144 120 S) 30 

co .... 




