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SOME EXPERIMENTS WITH AUXIN A AND OTHER GROWTH FACTORS.

»

INTRODUCTION

In the Fall and Spring of 19.%6 and 1987, auxin a,
a plant hormone was isolated, and its identity confirmed. The Went test
(722) techniqﬁe was developed toatestv its activity. That technique was
éxpérimentéd with in hope of finding some improvement on it. Other sub-
stances such as indole-3-acetic acid and Y -indole butyric acid were tested
by the developed Went procedure. Pre-treatment of Avensa seeds with hetero-
auiin, urine, auxin a and ethylene-chlorhydrin vapour increased our
knowledge and cénfirmed literature on seed pre-treatment with growth
factors énd dormancy breskers.

Whether or not auxin a played any rele in animael
tissue was accidently brought to our notice, and some interesting results
were obtained -which seem to conﬁlicf with .opinion to date, that auxin
plays no role in the animal kingdoma

Haning exhausted our supply of prepared auxin a,
our attention was attracted by comﬁercial preﬁarations such as Hormodin-A,
and a few evergreen and deciduous cuttings were treated in s hope of
‘promoting rooting. |

In the following thesis the suthor wishes to
explain these éxperiments, their nature and results, andbtp conclude with
a correlation of opinions %o daté A the nature and activi$y,0f auxin a

and related substances.



In the early literature on the work in this field
»ﬂ;tné noh—committaloterms; growth subStance, Wuchsstoff,‘growth regulator’
ffand growth hormone were used,. but as knowledge developed 1t became clear
?that substances causing cell elongation must be regarded as a separate
”‘groub,’ Since recent work indlcates that thls group,is heterogenous, the
ﬁ'ternt"'s.uxin" first suggested by Kbgl and Haagen Smit in 1951 will be
"arbltrarily restrlcted to those substances whioh bring about the specific
: growth reaction whlch is oonvenlently measurable by the curvature of
Avena coleoptlle. In this thesis the terms phytohormone, growth substance
t(g. s.),growth hormone, growth fdctor and active fsctor will be used in
”fjthe sense of auxins. The~term.Wuchsstaff in perticular,‘has been used
‘fOtlSome of the growthhsubstances of lower olsnts,fsuCh as BiOS. It |
hoannot be too strongly emphaslzed that only those substances whose activ-
kity is determlned on hlgher plants preferably by the standard methods
described in Ghapter 111 of "Pthohormones” by Went (1957), can be termed
aux1ns. In thls test strength of actlvity is measured 1n avena unlts
\~'(A.'Eg); By,one A, E;‘ls understood the amount of’growth factor;which
doauSes’in the test reaction of Be We Went, a curvature of ten degrees in
the Avena- coleoptlle.’ Thls test reactlon will be deals w1th later, The
'top of an oat sprout in one hour wxll produce, roughly, one A. E. 'A

corn top, w111 in the same tlms, diffuse 1nto agar, 1. 5 As E.(?Zb)



Yo

A

o  The reaiiéation that impcrtant functions in‘higher
:‘ahimalsfare,cohtrolledvby~chemical substances which ect in'extremely~dilute
1cohcent£eti0ns has‘been shown with the pfogrese‘in hofmone'and»fitamin |
‘reSearch;‘ However, it is only in recent years that important functions of
11fe among the higher plants have been shown to be similarly controlled.

’ hIn fact, experlmental proof of the 1nfluence of such substances in plant
»physiology was only achieved int ‘the last two decades, although J..Sachs(50
:-:1n,1880opred1cted the p0351b111ty of such 1nter—relat10ne even before the
hofmone theOry'was introduced in animai physiology., To give an historical
survey of the devetop: ment of ‘the hormone concept in plante,ln an artlcle
of thls type, would not glve 1t the justlce it deserves, moreover this

: ;information can be obtalned in excellent detall in either n Growth Hormones
- In- Plants" by ‘Boysen Jensen (1956), or, "Phytohormones" oy Went and Thimann
‘f(1957); The following chart might give the reader a brief 1dea of the

,stages of progress made since Darwin and Sachs work in 1880 (15)657)

See page 3a.  for figs 1.

The unknown factor then eppears in growing tips and
may ‘be. diffused from there 1nto agar ‘blocks and tested on other decapitated

Avena coleeptiles by the Went procedure.

E
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. The Reason For Choosing Urine Ae i Sources

In the Fall of 1930 Kogl ét al, at the Unlversity

oAy
i

lef Utrecht,;undertook the chemical investlgation as- to the nature of the
Qgrowth~hormone or hormones in plants, of which,at that time, very 1ittle
‘weszknown.i'According‘tO‘went it,was~tnlikely,to be an inorganic com~
iﬁohhd'ahd,due'to its"heat:resistance it'was‘unquestionably not an enzyme,
Obtainlng 1t from Avena coleoptlle tips. and testlng 1ts coefficient of
iffusion through agar blocks it was found to have 8 molecular weight of
':576. 00n81der1ng possible errors thls would be somewhere between 300 and
| 400, (35«)
| The‘success,ofea chemical invéstigation ihto a
probleh of this. k1nddepended on a speclflc test reactlon, sufflclent
stablllty of the substance being examined and a reasonable supply of initial
.imaterial. “Previous historical work showed that the firss tw0‘condit10ns
at least, were fulfilled in regard to the plant growth factor. Their
“problem was to prepare the material and try to arrive at 1ts chem1cal
~structure and physiologlcal 1mportance by a study of the actual crystalline
hormone.,
| ~ The flrst step was to find the most suitable
';materlal to isolate i% from in sufflclent quantlties for testlng purposess
'Its isolatlon from grass tips, phys1olog1cally the most 1mportant source, .
'lproved unfeasible, as d1d many other sources whlch have proved themselves
'ito have a factor w1th coleoptlle bending ablllty. Experiments w1th a
~greet varlety of 1nit1al materlal were set a51de however, when they found

) 1n human urine s source whlch proved by far the most satisfactory as to

‘yleld. For. many years mammalian urlne has been known to contaln certain

L ; aotlve factors 1n hlgh concentratlon. It was,probably~with thls hope




5
;vfin view that pregnant urine which was known to contain folllcle hormone
1[cwas looked o

How great the difficulty of isolation from the

» i
W

so far known plant material would have been could only have been app—
yfreclated after they reallzed the activity of the crystalline substance.
ECalculatlng a yield of 10% pure substance they would have needed enough
‘raw materlal for chemical study to net at least one gram of the factor.
,xThis would call for ten billlon decapltated corn plants or cultures of
 Rhizopus reflexus amohntlng to thlrty-nine hundred meters giving nlne—
‘*thousend four—hundred 11tres of culture fluld.“ With E.coli the sur-
‘facé questlon would be elimlnated but twenty—flve thousand litres of
‘;culture fliud would be needed, 31m11arly the waste water of thirty
,thousand Kgs. of bakers yeast or the heat extraction of two thousand Kgs.;
or plasmolysls of one thousand Kgs.kof it,is out of the questlon. Cn
the other hand human urine contains one’ gram in five hundred 11tres{339
| Their ch01ce should be considered fortunate, in
as much,as the coleoptlle bending effect in- extracts of these lower mem-
Jbers of the plant klngdom is. probably due to 1ndole—5—acetlc ac¢id, a
dbreak—down product of tryptophane and not due to the more powerful and
;complex;factor %o be~found in human urine.
k | Another factor to consider before they cculd

;judge the sultabllity of the 1nitia1 material was to draw certaln conclusions

from the enrlchment whlch would have to be 1n each partlcular case before
7éett1ng at the pure substance. For example, the actlve substance from the
"culture fluld of Rhizopus reflexus could only e obtalned pure after four-
-hundred and fifty thousand to one—mllllon, twc-hundred and fifty thousand
: ,tlmes concentration. With human urlne only twenty-one thousand times

- concentratlon is neoessarye ‘As a comparison, may be mentioned here,'that




6 : ,
i infthe'purificetion of the'follicle'hormOne from pregnant 4rine as orig-
wesinailyfused‘by Kogl, a fifty-four thousand times”concehtratioh was necess~

ary; : ‘

’ Deciding on urine ag their source of their hormone
‘the next step’was to de01de if human, animal, pregnant or mixed was the

“pest source. This question probably urose in their mind due to dietary
‘:~and other differences. To test these sources for activity they adopted,
’as,inaprevioua work, the Avena unit (A. E.)s The results of these teets

Cdere as follows’;:f(asg ,

R Human Urine : : A. E. per mg.
' Average of 140 cases o o v 2400
Normal variation : S0 1000 to 5000,
Pregnant urine(average of 14 cases) 1350
Exteeme values L EET 250 to 13, 000.
Horse Urine ' = -
Stud ~ T s 2000
Mare (5 samples) R ~ 1800 to 7000
Cow Urine , ; :
Two samples - . S 65 to 240
. Pig Urine | | -
Four samples . ‘ st ' 0 80 to 180

It;wae‘to their:advantage in their original work .
t0 use urine from pregnant humans, 1n &s much as commercial folllcle hor—
mone could be obtalned as a by&product.

This preceding review has then, it is hoped

served in some measure to explain why’we chose human urine as our source.

‘Extraction From Urine.

Extraction procedures were. taken 1n a large meas=-

’ ure after Kbgl and Erxlebenﬁuﬂbue to the dlstillatlon facilities and time
‘lfactor at our disposal ~a total of fifteen litres of relatively frésh

;male urine w1th an expected factor content of about thirty mg . was
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"‘mixed with HC1A(ls1N7 until~distinctly acid %o Congo Red, and distilled

 down to a rlch syrup by the batch process. Tor ekémple: ‘November 17th.

‘ '% at 5 Pe M. in a two lltre Claisson flask were distilled 900 cocs. of urine

: 3 .
”down~to two=thirds volume. At 8 P. M. another 525 ccss were added and the

" whole brbught &oWn to a syrup and placed,in,refrigeratora Nbvember 19th.
| at 7330 P Mo, distiiled down, and at 9:45 P. M., added another 350 ccs.

‘EXTRACTION PROCEDUBES

ffPBOGEDURF L Evaporatlon of Urine

t.Nov. 17--Distilled 1225 ccs. to rich syrupfand put in refrigerator.

“iNbﬁ; lQé—Added~ 1550 ccs.‘and distilled down and put'invrefrigerator.
‘;Yﬂbv;w21++Added' : 1625~c§s;'and distilled down and put in refrigerator.
‘ NQvg.éé§—Aﬁded, 2250 ccs. and distil;ed‘dOWQ and put ih,refrigérator.
Novs 26~-Added 50O cos. and distilled down and. put in refrigerator.
‘ﬁe§af i+%3ﬁae&~;f ‘2550 ccs.’and,diétilled~d0wh'énd pqt inirefrigerator,

‘ b¢¢;j;4_;Aaaed;;;‘ 2580 cos. and distilled down and put in refrigerator.
kbecg_le——Addedf H 2620 cos. and distilled down and pub in refrigerator.

‘ béé; ;9-—Added 1000 cﬁs; and biought~totai down‘to rich syrup. The
*residué,wés dark ﬁran ﬁith;sqme needle9like’érystals’aﬁ&'COntained ﬁhe

fiéx§e¢ﬁed_gf0wth factor. uj_ i ?“%”‘

" : Procedure 1 was preceded by conslderéble trial

"and error ‘before a satlsfactory way of reducing frothlng and handllng

;i?apparatusygould be determlned. Degree of vacuum‘and temperature control

. appeared to be the two limiting factors in this respect and constant

: &étéhf aécdmﬁanied by-élow;diStillatidn were necessary thréughdﬁt.' If
o app&ratus is set up as in underlying dlagram it will be found to be as:

‘fas satisfactory as poss1ble.
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“"Figure 2.

Pﬁooedure 2;‘,Ether»Extraotion of the’rew;syrup.
oy A The syrup was then diluted to 3 litres with
distllled water, agaio d1st1notly aoldified w1th HCl (1 1 X) and extracted
4 times with equal volumes of peroxlde free ether in a 500 cCs heavy ‘
seperatory funnel. |
Procedureos. Drying of Ether Extraot

i The oollected ether extracts now contalnlng the

tractlve factor were dried over anhydrous sodium sulphate by addlng the

o salt to large Jars contalning the exgraot and 1ett1ng atand overnlght.‘f

' Procedure 4, quoentratlon of ether extract,

| | | | | The ether extracts were now. evaporated to as near

‘-xdrynese\as possible; This wag of course a batch process again addlng
t'perlodloally fresh volumes of -ether’ to the acoumulating concentrates.

, t‘The brown, 01ly residue left contalns almost the total of growth factorst
"yln,an‘enrichment of approxlmatly 81xty—f1ve tlmes. It was found that

”"great care must ‘be exerclsed at this point 1n the respect of good ven-

tillation and warm water—bath temperatures only. Hot plate must\be

>
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v

: removed and flask. cooled by immersing base in cold water before removing

‘~:vcork to~supplement_the‘depletlng‘extract, In the event that this proced—

dreris-not followed. whehfthe cork is,rem0ved the fumeSufrom the hot
liquld may rise out and flow down over. the hot plate and cauae combustlon.
fOrdlnarily 1t should be unnecessary to mention such details, bat we flnd
rln;th;s case caution“cannnot be over-emphasized. o
_Proceddre 5. ;ﬁecﬁionation With»bicarbonete,solution,

| | | ‘Theﬁresidue'of P. 4 was dissolved in 150 ccs. of
: bure ether‘aﬁd eight times shaken,ﬁith SOdium bicarbonate solution,

‘ dueing 50 ooe; et‘a timea The bicerbonate extracts~are podred together
’erand acldlfied with HCL (l 1 N) until dlstlnctly acid to Gongo Bed and
’[elght times extracted w1th ether; u51ng 50 ccse of ether at a tlme."It
’:13;1nterest1ng to note that the colour disappeared when the auxin was

a sodium salt and returned to the orlglnal orange colour when acidified
again. The]ether extract was driedewith,sodlum sulphate as before andAk
evaporated ﬁSing'only hot;water’from,ohe tap as‘a source of heat, except
ﬁowarde'the~end.: The residde weighed approximately 4g5rgrame, edrich-"
. “menoe78,times, | .

,f?rqéeddiegér» iExtraetidpﬂw;th;petrol etber.

G “ | ‘The ether residue’fromrProoedure 5,was'next put
r'on a water bath with 40 cess of petrol ether (Cautlon B.Ps 40-60 Ce) and
'l refluxed underudouble condensors for L‘hour. After coollng the petrol

"!ether was decanted and the process repeated twice more with fresh petrol

'fether. The ineffectlve impurltles dlssolve in the petrol ether.

<

~f§f6¢édure«7a Extractlon with 1igroin.

S L To the regidue in Procedure 6 from ‘which the
;,petrol ether had been only decanted we. now added 40 cese of ligr01n

f’(B P. 100—120 c.) ‘and for hour heated it to 90° c. decanted and this



lQ‘

~process also reoeated twice and then freed of ligroin by dlatillatlon in-
vaouo.‘ The llgroin also disaolVed additional ineffectual: impurities.
The residue was now about,z;grams~and the conoentration,zﬁe times,
‘?rooedure 8. 'Extraction~Wlth Benzol | /

’ The reeidue from Procedure 7 wes dissolved in
30 ccs. of 60/ ethyl alcohol and the solution extracted by shaklng ten
:times with Benzol, using 10 ccs; at . a time. The total 100 ccs. of
. Benzol solotion-was now itself extracted 3 times with equal volumes'of
‘wote: and then again 3 times with an eQual~volume‘of 50% meﬁhyloalcohol.

o ’ | The mefhyl aloohol extracts were evaporated to.

“dryness;-ohe':ésidue,was united with the water extraots and the wholeo
'; four times extrocted with ether by Shaking, The ether extract wes then
;eﬁapofoted,~leaving‘abouto%-gram of‘residue‘at~an enrichment. of 600 times.
' Plocedure~9. Leod;Salt“Preoipitation of-Imourities
e | | The ethér residuérof Procedure 8 is dissclved in
15 cos.‘ofléé% alcohol;’ To this was added a concentrated aqueous»
'solution contalnlng .5 ‘grams of neutral lead acetate. ~Thefpreclpltated
rlimpuritles were then flltered off and waehed with alcohol. To the aotive‘
filtrate was added 30% NACH drop by drpp tlll weakly alkaline. This
.brought,down‘a precipitate amongst which was the . sodium salt of the
ihormone; oKogl did’not have good successfaf precipi$oting éll hiS~active'~‘
factor 1n thls way, ‘80 rather than d1551pate our: factor among several

fractlons it was declded after consultation t0 convert the hormone back

5 ‘to 1ts original acld pﬁ. by ‘adding glaclal acetlc acid, thls dissolved

the precipltate. This solution was extracted 4:t1mes with equal volumes

o“‘ofueﬁher and evaporated to-residue. Enrichment,is now in the neighbor-

\;‘ bood40f_1000 times,'ahd‘the_residue aboﬁtf.S‘gr&ms;




_prosedure 10. Galcium Salt Precipitetion.
| The- residue of Procedure 9 was dissolved in 3 ces.
:of atoohol: and dlluﬁ@d w1th 50 cea8. of water. Next a\conoentrated |
~aqueous solutlon of 26 grams of caleium acetate was added,and then under
repeated shaklng with normal KOH until no more precipitate comes down
wpon addlng further drops. The preelpltate was then flltered off and
wa;hedhrepeatedlyowith aqueooeAelcohol (10%). 1% containe‘theh only‘
» ;;trecesfof the active substance probablyuadsorbed~on to the cryetals.
~Ehe filtrate was then aeldifled with glacial acetic and extracted with
!ether 4 times. The ether residue after evaporatlng to dryness repres-
’ented ebout «2 ‘grams at an enrichment of about 1600 times.
| ’  Due to our llmlted .vacuum distlllatlon equlpment
‘H1t aeemed rather p01ntless to proceed w1th KOgl's next step of esterlf—
rlcatlon and lectonlzatlon. Inasmuch es auxin a lactone is no way near
as actlve as auxin . aj and although it might be hydrollzed back ke auxin
a it is p0881ble our factor might have been d1551pated in fractions.{7a)
Mbreover the point of esterlflcatlon, as the author sees 1t is to make

a lower B P. product and thus faollltate vacuum dlstlllatlon fractlonr

; vaatln%’a procedure which we were unw1111ng $o embark on as we hesitated to -

'rlsk the loss of the actlve faotor, due to our llmlted equlpment for
dlstllllng under hlgh vacuum. In addltlon we were 1nterested in obtaln—
,1ng a hlgoyactlve concentrate w1th which to do some experiments and not
a’ crystalllne product for structural analy51s; For thls reason then the
author dld not con81der the dlss1patlon of hisg product through esteri-
fication, reepectlve lactonlzatlon and high vacuum distlllatlon and 1ts

‘ temperature‘fractlonatlons would be Justlfled¢
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procedurs 11:-
’ | Sub1ected renidue of Procedure 10 to as high
veeuum 33*90931ble,( 01 me and 100 Ce Accordlng to Kogl the firet fore- =
run ‘of auxin would dlstil over at .005 mm.‘and 125 C. Therefore this was ,
as far as we carried our procedure.‘ |

| ‘The syrup was taken up in 5 ccs. of a dilutlon

fluid and bottled (contelnlng 160 mg. of Kol and 0.2 cem. of acetic acid/L)
,,iIn phy31olog1cal work ‘the transport of growth—factor is probably handi-

capped in the absence of such a solution.

Procedure in Brief for Preparation of Anxin a Concentrate

Retalned N o S N : : : _Discarded,

: \Urlne,ls Litres _ , N -
‘Acidify'and dietil‘-‘ i ->Urine distillate

~ Urine Byrup .
~Dlseolve in water, acldlfled and extracted with ether) ,
S P-Water residue

‘;Etherrﬂxtract:.' r 2o
4DryVOVer.N8150¥ﬁand*eVagprate syrup-.- . s - :
= e = e - -=> Rther distillate

,Ether Residue :
~.Dissolve in 200 ces. ether and extract eight times
Wlth 50 ces. of saturated Na HCO
‘ l‘ o - e ~ ,';;Ether Layer

Blcarbonate Fractlon'

- Aeidify, extract eight times w1th ether, dry over
Wna So ~and evaporate to. syrup

A : : - r , Blcarbonate water .
o l a S , o L solution

; Ether Residue '

'“Reflux 3 times with 40 ecs. of petrol ether each
for 2 hour and ether decanted of 1.

f}'fPetrol Ether



. tlmes with ether and evaporate to syrap-
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Petrol Ether Residue : ,
“Reflux 3 times with 40 ccs. of ligroin each for
;9 hour and decant, then high vacuum heating to
drive off 11gr01n e ‘ ‘ . ’
sy : R - \ .-=3 Ligroin solution

]

‘;Ligroin Residue

Dissolve in 30 ccs. of 607 ethyl alcohol and
extract 10 timeés with 10 ccs. of Benzol by

? shaklng

> Alcoholic solution

Benzol Extract ,

‘Extrect & times with equal volumes of water
and then extract 3 times with equal volumes
of 507'methyl alcohol, :

> Benzol Layer

Mbthyl and Water Extracts

fyiEvaporate alcohol extract to- dryness, add

‘water extract and extract 4 times with ether.
Evaporate to drynese'

?»Water layer

: Ether Besidue o

_‘3ssolve in 15 ces. alcohol and preclpitate

impurities with lead acetate (.5 g.) ;
concentrated and neutral e R f e s

' > Lead precipitate

 PFiltrate from Lead Salt Precipitation
Acidify with glacial acetic and extract 4

> Water layer

Ether Besldue ,
~“Dissgolve-in 3 ces. alcohol dllute with 30
-ccs. water and precipitate 1mpur1ties with
+6 g. of calcium acetate 1n concentrated
agqueous solution. Add normal KOH until no ;
- more precipitates. Wash precipitate with agueous
~alcohol. : :

~ Piltrate from .Celcium Precipitation
Aeldify with Glacial acetic and extract 4
“times w1th ether, . : el C

o l ‘ e mmmmmmmeeeeeemeee> Water layer

'Ether Extract
\Dlstllled to heavy viscous syrup under high :
~ vacuum.and boiling water bath for five hours.

‘Take up residue in phy81ologlca1 dilution fluld

and llttle alcohol

-> Ether distillate

=3 Calcium precipitate
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!

~ Developing of Went Test Technique and Testing of Auxin & syrup.

k It now remained to test the auxin a for activity.
This necess;tated first making the apparatus and then deve10p1ng and
practicing the technique using B-indole~acet1c acid in the primary tests,
a fafrly oheap commercial preparation known to have a similar test reaction,
‘;as auxin a but to a lesser degree.; It«seemsfrather prematurefto plunge
into this- phase of the work without first explaining the physiological
effect of auxin a on Avena coleoPtiles, which has 80 fortunately led to
such & manner of testing its presemnce eith%qualitatively;or quantitatively;
| In demonstrating the presence of grouth substances'
”'the coleoptile ofithe'Avena seeming.hes been«usedhalmost exclusiVely asg
- a test ohgect.‘ Its structure and sensitiveness to stimali. make it suitable
‘7for quantitative testsas well as qualitative demonstrations. For this
reason practically all the faots known about plant hormones and most of
fthe theoretical conclusions are based upon the Avena test which in itself
’agaln is based apon growth in length of the Ayena coleoptile. A minute
lamount of growth hormone applied unilaterally to the decapltated tip
sbrings about 1ncreased cell elongation on the side receiv1ng the growth
substance, and this produces a growth curvature.‘ The amount of curvature
fcan be. used w1th1n certaln limits to indicate the concentration of the "
applied growth substance.’ | | . |
| | Before describlng the test the structure of the‘

'fyoung oat plant w1ll be explained.

The Avena Seedling d5
Upon germination of the seed. the primary root

begins to grow out and is followed within one day by two seoondary lateral

roots. MEanwhile the shoot also starts to elongate. It consists of the :
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growing point e very short stem and two partially developed leaves and

a surroundlng sheath the coleoptile.‘

,;g ; el endGSPerm“""'f"'””
coleoptile - - - -~ -
”primery‘leaf—-——f——
(sdutellumW__;ﬁ_f ~ |- -

mesocotyle__ IS
~secondary root_

coleorhiza - — - —-

primary root . - _ .-

Eigure‘5awzzy

Between the coleoptllar node and the insertion of
the scutillum ghere develops an internode generally called the mesocotyl
or in older literature the hypocotyls Theelength of this mesocotyl :

‘ varies~on the treatment of the seedling. If ‘the coleoptile'be considered
one cotyledon and the scutellum the other, then this 1nternode is truly k
’the mesocotyl (1e. between cotyledons) On the other hand if the coleoptlle‘
be considered the first eime true leaf then thls mesocotyl is simply the

- first internodefor (epicotyl) 'f81nce the term mesocotyl has been
generally adopted in phy81olog10al llterature we shall retaln its use,
| The growth of the cole0ptlle which 1s a hollow
. cyllnder with a solld conical topnpiaces almost entlrely 1n the longltud-
inal dlmenslon° In 1ts early ‘growth up to a 1ength of 1 cm,, cell.
,,div1sions of the parenchyma accompany ‘the elongatlon (Avery & Burkolder,
“1956) {1 )s The epidermal cells however cease dlvidlng at a very early |

, stage and grcw only by extensione‘ From a length of 1 cms up to its flnal

ﬁlength (5 -7 cm.) cell divisions are practically absent (Tetley &

JVPrlestly, 1927) (66) and’ growth is entirely by cell elongation at thls
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‘ vystage. ’bn this acoount theicoleoptile is a'suitahle objéct~for sﬁudies
-: of étoﬁﬁh’hot~complica£ed_by Qeil division,and Qhaﬁever cénclueioﬁs are
drawn from it apply only to cell elongation. Tt is believed this cell
;felcngatiOQ/tb be brought~giout in sﬁmekwéy“by”a phjtohbrmbﬁé pfodﬁced
in'the‘tip;(}zg) - | | | ! |

. | , f: BNa In transverse séctiéh,’the cOledptilé is elliptical,

ﬁith the,short axis in fhévplage‘ofysym@etry of the seédling.’rohe'small
’“vésoulaf bﬁﬁ&le‘runs up\on either sidet(Fig.f4)s‘ The célis:at the’tip
' of fhé galeoptiie are mOfphblogically distingﬁishable from'the chers~by‘
the”fact\that’they’do‘ngt‘éléngate and ﬁrekalmdst istiameﬁfic {Pig. 5},
’TThéfépidéfmglkoells’ofkthékEXtrémé tip §tain somewhat moié deeply than
:fhé‘ré9t~égd’aré preSuﬁably ridher in pfotoplaém.f The reéion of‘iso;
diametri¢ célls isvlimitéﬁ‘to thé‘ubpermOSt 0;5 mm;‘of‘the'1ength of the

‘coleoptile (du Buy & Nuernbergk, 1932) {8 be

choss fks‘e(:l‘r'on' 5 o, From Wb

dorsal side faces seed

Long tfudii el Sactivon.

. figds . By L L fig.5.
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The, growth of the primary leaf closely follows that ’

’of the coleoptile g0 that under normal conditions that coleoptlle ie al—

. most completely filled. At a length of 50 - 60 mme the ‘coleoptile is
broken through, ‘near the tlp, by this 1eaf which then starts o grow very
o rapidly. At this “time the growth of the coleoptile ceases, The whole
‘~period of~growth lasts about 100 hours at 25 ¢. and the maxlmnm grawth"
rate whlch is reached at an age of about 70 hours is approximately 1 mme
per hour. {B W. Went 1957) (7ad ). qu'experimental purpqses, coleoptiles
25 - 55 mm.;in length, growing at a=maximumtfate are’used.

| s Durlng the ‘growth of the coleoptile from about

20 MM, 0n, the upper most 2mm. scarcely elongate at all. The zone of

",maximum growth 1s flrst located near the base and migrates upwards and

flnally remalns about IOmm. below. the tipe. At abOut,4O m,; lengﬁh the .+ -

1growth of -the most basal zones~ceases altogether. (Fa'W. Went, 1937) (72 ).

‘Preparatlon of Test Equlpment.
The test objects have to be manipulated ~under
orange or red light beoause they are exceedlngly sensitlve to the shorter

wave lengths (under 550m*() (Sllberschmidt 1928 ) %I“) These shorter

wave lengths 1f unllatterally 111um1nating the coleoptlle cause phototropic;

bendlng while, if symmetrlcally dlstrlbuted they cause '8 decrease in sen-
7 51t1v1ty to thelapplied auxxn. According to Went Gornlng light fllters
243 or 548, or Schott's O,G. 2 are. very sultable to cut out the pho»o—
“tropically active wave—lengths from 1ncandescent lamps. Wlth this poxnt
in mind all experlments on test obgects were carrled out in the. photo-
graphic dark*room.'

, A relative humldity of about 90% and a temperature
(of 22 - 25 Cs was algo con31dered advisable; to secure this condltlon (716),
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fSeedlings were grown before and durlng testlng in. a light-proof glaee
;case.; Thls case was about two feet 1n 1ength with a removable vaeeline—
fsee;ed t°933§d ‘wet towel—paper 11ned interior. By its use a convenient
tempefafure”aﬁd‘humidity'Was eaSily maintained. |
| | The next step was to devise some. klnd of holder
“for the‘oat‘sproets. A three inch quarter inch glass tubing was: cut and
‘fteﬁitsfend were eealed two~smaller lengths after:the fashion shewn:in
;Figﬁre;;,;eli”VIhe’red hot glass is very conw@@eﬁqy‘hendled, enlarged or
r’pﬁlied oetFihﬁova lip with the eid‘bf ancbidefi;e:end ﬁweeeere; As soon
:  as the tbolseheafed up they would stick to theiglaSS., Seme‘four dozen
of these were made of uniform size ‘and shape. These were egustably held
in saw slits 1n a 1" by l" by 18" bar of wood by means of small sheets
rof copper strippinga One rack‘contalned a dozenfor more:ho;ders,and the
box would hold as many as three racks at a time.

» k To supply the seedllngs w1th the necessary water
’geiveniZéd trays were contructed 1" by l" by:lsn in length. These were
1iﬁé§f%§ref£iniwex to»eliminate eny‘texiGVeffeeﬁ from,the zinc. It was
aleO‘feund'that“lining ‘the coleoptile holders and seed seats eith wax,‘ﬁ
‘not only prevented wettlng by the water but improved the hold on the

- object. A_helder in rack, coleoptlle and tray, appeared very much ‘as in

TFF
\
'
[\
Wil

. Pigure 6.
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Preparation of Test Objects:

o Qlﬂasmuehlas most experiments to date .in thieyfield

have been carried out with the genetically pure line Qf oats known as

Viébéry Oats~it was considered advisable to use the samefetrain.  These .

‘were obtalned from the expermmental farms at this Unlver81ty.(7C)

.

- Pﬁe Soahed 1.5;5“;‘ Sowed Im Petm di'shes

Figure,S.
‘f’The;prOcedure @as as‘fellews;‘ The seeds were
~ifreed frem their husks (or glumes)kedd soaked‘iniwaterﬂforrz hodre.f@.&
After,thisﬂthey~§ere pleced groove downwarderen wet towel paper in Petri
: dlshes and put in the dark room. Wet paper was on the 1n91de face of the
:‘lld. After about 20 hours they were exposed %o red light to suppress
;ksubsequentrmesocotyl‘grpwth~wh1ch would affect their sensitivity,as test

objects. Subjection to red light'forll hour wasffollowed'by lO hours

' more 1n darkness. The germlnated seeds were then inserted in the prev1ousl?

‘»prepared little glass holders, in such 8 way. that the shoot comes under 1
‘el the centre of the guide and the roots point downwards,. The]clips were
kiree_to move in a vertical plane whlle,the holders could'be rbtated/ahd’
k»thus any adJustment of the growing plant was possible.’ They were:then
}placed in the ‘case to. grow. About 48. hours after plantlng, the rack of
caleoptlles now 20 - 50 mm. 1ong were llfted out and ready for decap—

,1tation.— It was found advisable to bring all shoots in a str1ctly vert—

1cal p031t1on at: least 2 hours before use. When grown to the proper size.

“they were selected for straightness and uniformity, and gince the holders
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\Iuererremouable 12 - 15‘éeod‘plants could be assembled'togerher on the
- séme rack‘- : 4‘ : : :
‘ ey The firstrsurgieal step in ‘the preparation ef the

fftest plants was to cut off the extreme tlp w1th a razor and then to place

the ragk. of” obgects back in the case, . (See steps in accompanylng f1gure9)

o

1% ﬂ i 7

/Eigure J. T
In the subsequent period a large amount of: growth

‘hermone present in the stump is belng used for its residual growth and the k
’test plants become more and more sen51t1ve to any hormone Whlch is applied
(Van der Weij, 1931) (70).‘ After three hours the topmost 4 mm. of the
stump is cut off. This was done by maklng an incision on one. 31de of the.
rcoleoptlle without cutting the primary leaf the: top/ef ﬁhe coleoptlle

is then bent so that it breeks at the 1ncision end +the tOpmost part 1s:
pulled off, The primary leaf whlch now protrudes 5 mm. or more is then
 ‘pul1ed gently s0 that it breaks at its base and is partially drawn out ’
r(See ng. 10). Any water congestlng on the cut surface was blotted of £
w1th a piece of dry fllter paper. The: small block of agar to be tested

is then placed against the drawn leaf and pressed down directly over

{one of ‘the two vascular bundles. It seems t0~be~he1d‘infplace by capillary

,attractlon. It represents about hours operetion to decapltate and apply
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‘the agaf blocks to 12 coleoptilee; The rack. of test objeets are . now
'kplaced back in the glass case, with the roote hanging in water and the
1lid of the box sealed by vaseline. This malntains a,euitable'temperature
: and,humidity;"Meximum‘results are abteined with a relative humidity of
\9;0% and a temperature of 22 - 25 ,'o.rasdi |

After three hours- the rack is removed ‘and the
‘bending of the coleoptiles is recorded by placing a strip of phototrop—
1cally act1Ve pr1nt1ng paper closely behind the plants. They were then |
1llumipated from in front by a8 projector'which eliminated~pendmbra.

The degree to which the coleoptlle had curved
frod the vertical could be measured with a protractor. The angle measured
was that between the tangent to the extreme ourved tlp and the straight base.
‘(See Fig. 9) The curvature over a. ‘range of l to 20 are strictly
'pronortlonal to the concentratlon of 8.8, in the agar. (10' represents
-1 AE /) If the ourvature 18 mach greater than 20 degrees ("Maximum
‘fAngle") (izf) the direct relationship between curvature and concentratlon
no longer exlsts. Degree offcurvature and a coneideration ef}the dilutidh

~factor were used to‘calculate‘the strength of our solutions, .

Figure lO.
The red llght under which our Operations were

conducted wasg tested for its phototropic actlvity -on the coleoptlles and

|




22

it was Believed to be phototropically inactive w1thin the limits of
error. Mnch time was lost in trial and error early in the work and it
was not until many racks of coleoptileshad been grown that there were

' produced a dozen properlv decapitated test obgects from several dozen
seedlings. Gontrol of manipulation technique is dlfficult but essentlal.

Preparatlon of Test Solution and ﬁgar Blocks.

As prev1ously stated the Went test technique was
first practlced with B—indole acetic acid. 10 mg. of crystalline
heteroauxin were weighed out and dissolved 1n lO ccs. of Kogl's dilution

fluid. This gave a solution of approximately 01 in 10 equals .001

eoncentration. (Kogl's Dilution fluid oontains 160 mg. of Kil and 0. 2 ccm.'

of acetic acid per liter of distilled water). - Taking 1 cc. of ‘this and
adding 1t t0 9 ccs. of dilution fluid a solution of .0001 ‘original con-
centration was obtained. - Similarly taklng a cc. of this last solution ’
and addlng it to lO CCSs of fluld dilutions of .OOOOl .000001, and
.0000001 respectively were obtained.c This«tested to a Ph; of 4¢8Vas
was de81red by Kogl (?ﬂﬂ SQlutions were kept;in the‘dark\to\prevent
precipitation.(/7) e -
A 57rsolut10n of 24 hour uashed agar wes nmw

: prepared and cut 1nto small blocks which were drOpped into the Erlend&ers
»containing the solution t0 be tested. It was assumed that the concen—
’tration of the B-indole-acetlc acid in the agar block attained that of
the solutlon in which they were soak1ng.~,

| | When the coleoptllee wererin’a decapitated con-,
‘”dition andAready, a block was removed from the solution to be tested |

, cut to the proper size, that is (2 mm, by ‘1mm, by 1 mm.) and placed in ‘
,>posit10n (Fig. 9) Aecordlng to Van der Weig (70) small deviatlons in

N
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‘size>offthelblook has very little lofluencegon‘the amOunt:of oorvature,
osihcelthis is~dependent on the growth substanoe;oooceotration and not
upon the amount of growth aubstance., .However the‘amount of'contact‘suib‘
'face betwee;‘the agar and the coleoptile should always be the same.’ It
was found the degree of curvature was always much greater when the bloeck

k is placed over a bundle than when placed on parenchymatous tissue

(Iaiback & Kornmann, 1933 b.) (46). ;Henoe blocks had to be placed in

~\oontaot withivascular bundles if‘conéistent(results were t0 be obtained.

Figure‘ll.»
'The cohtact area.. is the ‘same in- both g and b though the volume of ‘one

‘block is 8 tlmes that of the other. (Thlmqnn & Bonner, 1952) (69:).

"»Erelimioary,work“withvHeterauxinf

Testlng Heterauxih then [ie. B-indole—aoetic)
we found it to be actlve at dilutlons as low as .OOOOOl and it might be
~’well to add at this p01nt that an image of the coleoptlle was drawn as
it stood before applieatlon of the agar block and agaln after tlme had
k been allowed for bending. Thls gave somethlng,to compare its final
{position With, andialthougharelatively peifeot epeclmens\as,regerds
“‘uniformity in sgize and etraightness oere,used in'leter auxin a work at - 'ké

o this praotice stage we wasted as few as: p0931ble, Although exoellent

’results were obtalned with Heteraux1n 1n dil@flons of .0001, -00001

,000001, .QOOOOOl, 1t can- not be sald they were any better and certalnly
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ot less interesting than the results w1th the extraction prepared in
this laboratory. Hav1ng developed the technlque of growing, handling
and evaluating ‘the test obgects the tlme appeared opportune to test
the extract whlch there was reason to belleve had by now lost its

act1v1ty due to self inactivatlon.‘(see dlscussion later)

vTesting the Aurinfa¢
| | laking'loc, of our,aoxinra ooncentrafefin,a

pipette it'wes added to 9 - CC8, of Kogl!s dilution fluid. After mixing
well l cc. of the .1 concentrate was added to 9 ccs. of dilution fluld.
In thiS'way solutions of 1, .1, . ,,f,OOI, .0001, and .00001 of the
iorimery'dilution (&¢e) were‘made'up. Into this solutlon the small blocks
of agar were dropped at least 2 hours before test1ng . h?g) With test

| colution ready the prepared coleoptlles were tested to- flnd out roughly
at what dllutlon our concentrate was actlve. A time outllne of the’

procedure followed might be enlightnlng at this point.

1. Mbnday’, 8:00. AsMs ,Husked oats and soaked in water untll 10: 00 AN

24 : ' IO:OO_AaM; Placed germinatlng oats on moist towel paper ‘in
' - petri dishes. = : ,

B;Wednesday 8:00 A.M. oTransferred germlnatlng oats %o glass holders.

4, Thursday 8:00 AN, Put agar blocks to soak in dllutlons to . be tested.,

B } ' ll:OOfﬂaM;'VOats ready for use about 25 t0 40 nm, long. Cut
' : : - off extreme tip-with a razor and plaoed the rack 1n \
fCase. e e R
B S i 2:60 P;N&' Topmost 4 mms of stump is removed and enclosed leaf

: pulled loose and partially drawn out, the topmost
~ end Gllpped off and the agar block cut and set in
position’ contactlng e vascular bundle.

Te ... 2:30 P.M. The racks of completely set test obgects were placed
R R . in the case. [ o
Be 5:30 P.M. The racks are removed from the case, the angles of

R o “"'curvature me asured and shadow graphs made on print-
: ' ‘ ing papers . . ,
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7:00 P.M. The shadow-graphs can go ga the wash water, complete

the record. At least 8 houwrs are needed to do the
actual testing once the objects are ready.
Following this procedure the activity of the auxin

a concentrate was shown to be present in toxic amounts in one and .1
concentrations of the original dilution of 5 coﬁ., and to cause curvature
at .0l with activity disappearing at .00l concentration. At ,0001 and
00001 visible activity had disappeared. Controls of Kogl's dilution
fluid and straight water-soaked 3% agar showed no bending. A summary of
these results with some of the shadow-graphs obtained during the work are

found below.

Figure 12.

Concentration.
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A rack of .1 ©OC!

A rack of .01

A rack of ,001

1 2 3 i . . : .

A composite rack of 1 - 8,.001; 9 - 12,.01; 13 - 15 cont ro 1s.
Taken two months after others. Notice that .001 is now apparently inactive,



25b

) 10 11 12 13 14 15
<01 01 01 .01 .00 .00 »00



26
~ Galculatlng Strength of | Solution and Degree of Inactivation.

I curvature visible et .001 concentration then
“"in a 2 cmm. block ther must be at least 2 Amsna units, 1f, according to
'Went hzh) diffusion is’ 58%. 'Then‘in 1 ocmarthere would be 1000 AR,
: and in the original ooncetrate there would ‘be therefore 1,000,000 per cc.
”and therefore 5, OOO 000 A.E. in the 5 ccse of or1ginal dilution. KOgl
says (Baf) auxin a has an act1v1ty of 50,000, 000,000 A.E. per gram. This
‘means 504 OOO 000 A+E. per mg., whlch means we have at least .1 of 1 mg.
: equals .OOOl - If accordlng to Kogl there is 1 gram in 500 leters of
urine this will represent L/SOO of the or1gina1 auxin a in 15 lltres.
" Now if orig1na1 15 lltres had a growth factor content of 50 mg. ‘of auxin
a hza), and if auxin a has an activity of 50, OOO 000,000 A.E. per gram |
'then 15 11tres of raw material should have an act1v1ty of .03 times
B0,000,000,000 AaEs‘equals 1,500,000,000 at a salculated yie1d~of,15% b?ﬂ
tthen,We’shoold get an activity of 225000 OOO~A.E;'fOr a total.- Inasmuoh
e as the. inaet1v1ty of our conoentrate is about 5, 000 000 A.E. then we o
,might assume self-inaotivatlon had set in to- an extent of 100 - (
5,000,000/226,000,000 x100 ) equals 97.78%. |

k It should be empha31zed at this p01nt that the
figures mentioned in regard to the effect of suxin a are not constant.
‘The effectlveness of standard solutlons of original crystalllne material
constantly varles and Kogl has observed (339 extreme values of 2 x 10
’\!two 9 xle A.E. per g. Exactly what oaused thls large varlatlon is st111
e'a questlon for arguement.‘~
The conoentrate then, had lost most of its act1v1ty

. due to self—lnactlvation but considerlng the 1ong time it took to isolate

4;t; ‘the time‘spent'on[the“Went test teohnique and the discouraging

e

iy
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picture confronted us after translating Xogl's artical on self-inactiv-

“ation (jSJ of auxin a, the results exceeded expectations.

;’,‘

':Testing y—s - indole butyric Acid for Activity.

10 mg. were weighed out, diesolved in 10 ¢cs.. of
water and solutions of .OOl, .OOOl .00001 were made up 1nfErlenmeyers.
ZBlocks of agar oere left to ‘soak in,them‘andusets of coleoptiles Were
.fooncurrently groon‘ 'The‘ﬁeet'procednre was &onducted through and the
lndole—butynlc was‘found'to belective‘to a eoncentretion of .OOOl'Which
represent activity of about 1/50 of Beindoleéacetic and about 1/100 of

‘auxin as

Possible Improvements on the Test Technique.

P0551bly the biggest problem in the Went test
technlque was to zet the seedllngs to f£it properly in their holdors.
“By -coming loose or’ gettlng at an angle a rack of 15 seedllngs would

produce 5 or 6ugood test objects. ‘It was hoped that 1f the seat for the

n seed could be done away with by dropplng the seed down in a well—llke

holder, unhusked then the ooleoptile might grow out from one end of the

~-gloom-and the root out from«the other. ‘As a metter of fact it came to

the wrlter s attentlon, durlng some preliminary waork w1th unhusked seeds,‘

that about BOA of unhusked seeds sprouted with the coleoptlle 1mmerg1ng
. from .one end of the gloom and the roots from the other. The advantagee

‘were obvious. Fourty unhusked seeds might'be scettered on wet blotting

:paper iniPetri‘dishes'toygefminate.e When the roots have grown l or 2 cm.

‘long out of one end of the gloom, ‘the coleopti 1e is émmerglng from the

other.~ Selected seedlings are dropped into holders with their roots
i hanging through 1nto the water trough and left to attaln the proper
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height:for'deoapitation. “Phe seedlings,might”have to be turned to get

fethe conductive bundles in a lateral p031tion, however thls is the work of

but a mlnute or two. Gompared to ‘the time lost in husking, dlscardlng and

‘resettlng coleoptlles in their loose. seats this is a real improvement,,;

on the prev1ous technique and 1eads to stralghter, more -uniform coleoptiles

7in firmer seats and a great saving of tlme and loss of test obJects as

well as a much sxmpllfled holder.

m

~ Figure 13.

'The’advantages~are‘brief1y‘summar12ed:

1
: '2.

3,

4'0 .

B

Holder can he made in i-the time..
Breakage of-the seed seat‘isyeliminated.f
Ko time lost husking seeds.

Unlform coleoptiles can be chosen early as the gloom gu1des
them the first cm. of their growth

"Spaee is saved by a reductlon of the number of useless col—
-eoPtiles. : :

, No trouble adgustlng endosperm in loose seats or trylng to

 find & seat that will fit. The walls of the holder converge
L therefore nearly any one will fit.

,No time or space lost resettlng or replaclng coleoptlles that

have fallen out.

; Slnce there are no losses of coleoptlles as the expeﬁmﬁnt

proceeds all results are referable to common- checks.~
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oPretreatment ‘of Seeds to Accelerate Germlnatlon.

That auxln might be playlng a role in the physiologlcal pre—
‘fdetermlnatlon of seeds and thelr phasic development was a question that
k answered either positively or,negatively, could be considered contrib-
“utlng. Lyssenco (73) had an idea that plants in their development pass‘t
through success1ve stages or phases. That our hormone and other actlve
factore mlght or mlght not play a role here seemed of considerable
interest and started us on some seed pretreatment work Whlch ended up
w1th some interestlng observatlons. It has ‘been shown (see discussion)
'that heteroaux1n is 1n no way a germinatlon hormone and if anything
retards it (577« It was a question if the auxln a was srmilar in this
, respect,‘or might there be found a physlological dlfference between auxin
a and: heteroaux1n‘ The p0351b1e effects of varying concentrations of |

“urlne in thls respect and ethylene chlorhydrln were also 1nvestigated.‘ It

: ,mlght be added the attempt was not to break donmancy. It was belleved

- that was already completed and all the seeds needed for germlnatlon was.
: water. In any event it would be- 1nterest1ng to find out if these factors
effected seed gemmlnatlon. Heteroauxin and urlne were used in prellmlne

ary work before auxin a was trled.‘

grreliminarchorks‘

e | . Solutlons of heteroanxln and urine were made up

‘1n varylng concentratlons running %0 both extremes.r Husked Avena seedsh
were pre-soaked in these solutlons for varying lengths of tlme, washed
dand sowed crease down on 57‘Washed agar.‘ The tlme element was controlled
by addlng more seeds to soak every 24 hours and then remov1ng them from &
thelr 1ndividua1 v1als, all at once, rather than taklng them out every

24 hours.% This meant we could compare them with one another and their '
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dreSPectiﬁelstaéee‘of deVeldpmenta In this way the time fdcfor wes
‘fcbntfolled. .Appafently diffusion of active factors was complete iﬁ,24
houre,because longer periods‘were without edditional,appérent;effectsb
‘It was found that “both” urine and heteroauxin 1nhib1ted germinatlon

tdirectly as the concentration. ‘These results confirmed those of/previous

‘ WOrkers 1n‘th19‘f1eld. (§¢7) It is also~interesting‘to note in connection

,with this experament that both water and Kagl's dllution fluid controls
_,‘developed with no noticeable dlfference in ‘one another ag far as Speed

of germlnatlpn was concerned.

Pretreatment with ’,Au‘xi‘n ‘a:;
| ) : This experament was preceded by trial work at
tvarylng dllutlons, controls of both water and Kogl's dllutlon fluld,
'fgnd vasellne sealed lids compared to cotton~sealed lids which IOWered the
‘hﬁmidify over thét’of the former.‘ It was found in thls prelimlnary work
f that cotton sealed llds, leadlng to low humidlty and 90331bly better d
Aresplratlon was advisable' also that concentratlons of l .5, o1, =001
' and #0001 wouldfbe the most interesting. At dilutidhs higherefheﬁ these
they were fOund to parallel the controls. k -

. For th1s experlment 9 zoologlcal speoxmenkgars :
‘Wefe‘ﬁsede& They were. filled with agar solutlon and the washed seeds
resfed crease down on the firm surface. The f1rst seed in each jar
: represented a. Kbgl's dllution fluld control. Other seeds-ln the Same~jar

77would be from the same pre—soaklng v1a1. A large 9th Jar contalned a

,:,sample from each dllutlon and a water and Kbgl's dllutlon fluld control

By

WmusEion diaw

Figure 14.
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The results were not photographed each 24 hours as we wished to omit the
complicating light factor.

The seedlings were examined daily for four days.
Those in jar 1 and 2 never did sprout. In jars 3, 4, 5 and 6 there was
development varying inversely as the strength of the solution in which
they were pretreated. There seemed at this\stage little, if any, dif-
férence in the controls treated with Kégl's dilution.fluid and water,

It might be mentioned however the controls placed at the end of the row
of seeds in each jar seemed to be slightly affected by auxin diffusing
from auxin Presoaked but water washed seeds, into the agar and thence
into the control specimen. Also as time progreesed to the fifth day the
seedlings in jars 5 and 6 began to catch up with the controls.

It is believed that the inhibition found taking
place on those treated at the higher conecéntrations was due to toxic
influences and inhibition of root growth by the auxin while that observed
at the higher dilutions was due alone to auxin's known inhibitory
effect on root growth. The following photographs will give the reader
some idea of the stage of development of the different seeds about 50

hours after sowing.

Goncs - .00 .01 .l D 1.0 water Kogl's dilution
control fluid control
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; After photographlng, the seedllnge were allowed to grow and daily examlned
‘four more days. At the end of this time the seedllngs in jars 5 and 6
had apparently caught up w1th the controls while those in Jare Jand 2

: were st1ll elther dormant or poisoned. The seedlings had now had )

"-grow1ng perlod of 170 hours and it was decided to soften the agar on whlch L

they had grown by placing the jars in a hot water bath. In this way the
roots might be: removed w1thout breaklng, from the agar in which they had
'grown, and measured to compare their length. The length of primary roota
treated with the same concentratlon of auxin showed some variation but
flndlng thelr average and oomparlng thls from different Jars showed some
1nterest1ng resultSa The detelle\oﬁ this comperason‘are tebulated beloo.

; Leﬂgths'of primary roots from~jar§,1 and 2 of course was 0.

A,ﬁo,iconc. Pre- Kogi's:‘Length of roots in TAver-| Aver. in extremes

o treatment control different cases in cm. | age | are disregarded
N B 0|0 |o jo (o O [ 0

g 5 | oo o |o Jo |o 0

5| .1 | 9.5 [8.5]9.0| 8.5/ 7.5 [9.7] e.64 8.64

4 | .01 [10.0 |75 [9.0(11.2] 8.5 [7.4(8.70 | 8,70

5 | .001 [1.6  |9.5[13.2|10.9| 7.9 |6.0|9.86 |  9.02

16| w0001 |9.0 [9.7|s.6l10.a]9.8 | |o.e7 | s.ev

|7 | Rogl's dil.9.8  [9.2 10.5| 9.8 5.5 [ |6.75] 9.80

| fluid i 5 | .
|6 | water c. 9.5 10.106.5/10.9 1.5 |  |10.25 |  10.25
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:The~gradua1‘i§creése in root length abserved in the last ééiumn,‘accord-’
 ;ng't9 thé dilution seems'to 6oﬁfirm our Opinion‘of tﬁe stages of advance~
- @ent.bf theadifférent:samplés. ‘Qne can geé, from the extremes frdmfthe
 same ja:s, that accuraﬁe'information'woui¢\entail maﬁy tegt objécts o0 be
calculated in the average. It iS‘béiiéved'by ﬁhe~author‘£ﬁat the 1oweriPh.
- of Kogl's dilutlon fluid over that of the water control was instrumental
1; liberatlng more\active auxin to inhivbit root growth in the case of
the former, thus accounting for the varlatlon‘ln the average‘rdot 1ength
~ofkthe‘two cOntrole,‘

A graph ofqu0t variation‘with‘auxin 8, pretréatment;concentration

Prentreatment'
concentratlon

Length o ro"}‘o”t in cm.

Figure :16.

This §ould not be shown w1th time as a varlable because the roots could
only be handled from agar once. ;However, we have,good reason to believe

.

it would look like thls°
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: Dlscu851on of Flgures 16 and 17,

_Figure 16. There seems to be two dllution periods of 1mproved growth.
‘a;The flrst appearlng as plant comes out of a--more tox1c solutlon and |
’the second as the 1nh1b1t1ng effect of the auxin on root growth is
°~disappear1ng. Also the test obJect seems to show 1ncreased sensitivity
”ito small 1ncreases in dilution between 2001 and .OOOl concentratlon of

“'auxin 24 extract in the pretreatment.

Y
3

g Flgure 17. Thls graph shows those pretreated at concentratlons of .001"
fvand .0001 catchlng up w1th the controls p0391b1y due to- the 1nh1b1t1ng(
j;1nfluence of auxin a on the root wearing off' whereas ‘those from .1 j
’eand +0l concentratlons are still-much behind. | |

BN

- Pretreatment with ethylene chlorhydrin Vapours»

It was realized from the work of Denny (/&) at

~f the Bche Thompson Instltute, that ethylene chlorhydrin vapoure had




Ethyiens

o~ 3

‘dormanoy breaking~and'r06ﬁ promoting ability.

)

‘Somo curiosity arose in

’our minds as to whether it would have any effect on seeds which had

already obmpleted their dormant perlod and awa1t1ng only moisture to

sprout.

To satlate this question &vena ‘seeds were pre=

treated on the 26th of November in an atmosphere of ethylene chlorhydrln.

This wa8~supplled by suspendlngfa piece‘of cheose cloth presoaked with

5 cess of 407 ethylene chlorhydrin in a museum jar.

~The controls were

treated with &5 cess of water soaked ‘into cheese cloth and suspended in

a secondxmuseum jar.

l~N07ember'519ta and sowed ‘on wet blottihg paper.

,From'this atmosphere\the‘ﬂeeds wereorem0ved on

The effect of the

pretreatment on the 1ength of the coleoPtlles and the primary roots

was strlklng and 1f properly interprexted mlght lead to somethlng.

The results of the megsurement of the roote and coleoptlle are tabulated

below.
; - [ Ratio of"

Length in Cm. JAver. Med.| Goleoptiles
; L o ’ "ﬁ : \ ) . ; ; . tOff"l"OOt .
ISeedling [T 2 |3 |4 |5 6 7189 Cal.on| Cal.on
{ No. ‘ ‘ ' e | Aver, |HMed.
Length of | . | IR R T T =
|Coleoptile 9.4 9.6| 9.1 9.4 8.6 945 8s5 9.2| 9.4 | 2B 76
[agh o — Ts —— — — ,
P. koot  [11.5/12.8/13.0| 13,7 11.3{12:5|11.3| 12.211243:] -
Length of | | S 1 | R S B
[Coleoptile 8.2| 9.2| 8.6 7.6] 6:5| 8.5 B.6|7.0[7.8 8.0| 8.2 1.06 1,05
[eogth o T T T —— 1
P.: Root 5.8 B+6| 6.8 6:5 8.7 7.8 8.4/6.5[8:8 75| 7.8

It is sign1fioant t0 note that in the controls the

’coleoptlles were longer than the prima:y roots,~whereas in the case of the
ethylene pre—treatment the cole0pt11es were shorter than.the prlmary roots.'

,Mbreover the ethylene pre-treatment stimulated both the roots and the
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coleoptiles over that of the controls. Just what the position of sause
and effect is in this case is hard to say, as 1s the full significance
of the results._ However the ethylene chlorbydrin pre-treatment has brought ,

about a deflnlte stimulas in growth of over 38%.




PART G.

;Aux1n a and Animal Tiesue.‘

ey The ~question that]the plant hOrmone'auxin a
might play a role in animal tissue has interested us greatly from the
- start, . However it was not until the author became accidéntly innoc-
k ulated by e dilution of his concentrate;dld‘this interest take an active
'turn. |
In the couree‘of preseing in a cork in a emall
vial held between the thumb and seccnd finger the bottom broke out of
the vial and the glass cut. the tissue of the thumb permitting some of
- %he aux1n a concentrate .Ol to gain entrance. thhoughuthe ‘arsa
,1ngured soon heeled‘over and gave no discomfort; it was noticed that
é\small tumor was appearing; which increaeed'invsiZe_up‘to a certain
: pointeand‘then apparently remained dormant. The obgect, in this caee,
never before had had a tumor—like growth of any kind and there is no
‘,doubt in hlS mind that it was due to the concentrate accidently innoc—‘
ulated. After a period of four months; during which time it underwent
no change in appearance, the author feeling that hls utility as a testl
'obgect had gone as far as possible decided that 1t would be interesting
to cut it Out make a mlcroscopic examinetion of it, and compare this
"w1th a malignant epidermal cancer that might be obtained from the
:Vancouver General Hospital
. Dr. ‘Gee. of the pathological department of that
1net1tution was consulted ard she adv1eed that being p0331bly mallgnant
1t should be removed along with any surrounding tissue as soon as
: possible. To: thie end she mede arrangements with the emergency werd
~ surgery where Dr, W. 0s Green removed it with con31derable adgoining

tlssue and closed the apoerture w1th 3 stichee. At time of writing
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‘the~soar'has well healed and,apparently no regeoeration of tumofous
tissue ‘has taken'piace,~The,f6116wing is our macroscopic and microSGOPic
report,dnsthe tumof.k‘ |

' thcfoseopic}

4 The specimen con91sted of a small oedge of skln ‘

_and subcutaneaus tissue measuring 1x 1 x 0.5 cm. on the superficlal

surface of whlch ms 8 wartm rough; slightly ralsed area, 0s 5 cme in

dlameter., On section this is seen to be situa&ed entirely in the epith—‘ o

‘ ilium, but to be a papillary type of growth firm 1n consistency,
greylsh—white in colour and apparently benign.

’M1crosoopic.

‘“ | Sections through the small growth showed it to be
of typical pap1llomatous type, with fairly course broad based paplllary
pro;ections con31st1ng,of well-defined unlform squamous epxthellal cells.
‘The basement. mambrane was intact throughout and very exten51ve keratln-
\ization appeared in the superf1cial layerss There was no evidence,of
‘malignancy and it'would be diagnosed as hornifyiné papillome.‘f,g{
‘Follow1ng are some photographa of miaroscopic slides prepared both from

a mallgnant external growth on the cheek, and from it.

Figare 18.
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Discussion on Microscopic¢ Photographs.
A, Tumor from the Thumb. Fig. 19 & 20.
£y | Under low power basement membrane is shown to be
quite intact. Under high power goed oell,differentiatxon and uniformity

is shown and mitosis is relatively dormant.

‘st ‘Cancer from the Cheek. Fig. 21 &22¢
‘Under low power isolated islands have broken
,through the basement membrane and appear to be growing 1nto the subeunt-
'aneous tissues. Under high power cells are not uniform in size or shape,

differentiation‘is poor and -deep ‘staining is noticed. Nitotic figures

can be observed and there seems to be a condensation of nuclear materiali
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TUMOUR FROM' THE THUNB (LOW POWER).
— e R VR




Pig. 19 - 38C
ie Jont Tumor from the Fhumb (low power)
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TUMOUR FROM THE THUMB (HIGH POWER ).
PRttt it ottt i stat oot i

Figure 20,




Fig. 20 cont.

385
Tumor from the Thumb. (high power ).
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Pig. 21. Cancer from the ®heek (low power )




383,

Cancer of the Cheek. (high power),




PART H. o o

eTreetment of cuttlngs w1th Hormodin—A to stimulate rooting,

‘;#v; ‘ 0 In viewof the wealth~of literature and'public es s %
- well as sclentific interest that has appeared recently regarding ‘the
‘rooting of cuttings it was: decided to famlliarize ourselves with
procedures Ain this field and p0531bly make some contrlbutions to the
’knowledge accumulated to date., As & matter of fact our interest
‘Treceived its initial impulse when we realized from the llterature (5@)
that auxinis not only caused cell stretchlng but etimulated the activity
’of:the'cambium 1ayer.;»There was some notlon,in the~mindfof the suthor
that euxin might cause,stdmps of freshly cut-ceniferS'to calloas over |
and produce one or more sappllnge one of which would eventually take
: the leads | |
- From thieerather far fetched‘idea we modified
our experdmental ambitions %o try~andfbenefit‘the‘feforrestration~of
‘.cOnifers'in-a‘mofefpiacfieal‘way;viZs to promete fhe roeting'offcuttidgs
of oee yeardeld~1eterals~by‘presoaking thefbeeal end in varyiné‘eoney
‘eentrationeloffa'eemmereialfpreparetion of root promoting substance -
"celled hormodin —\As Thls experlment was undertaken in the Fall of
the. year and 1nasmuch as we were, at the tlme,’also interested in
Lyssenkés vernalizatlon theories and the breaking of dormancy we:
‘ 'deeided 40 pretreat tee cuttings at low temperaturee‘end with ethylene
chlorhydrin vapours. (ﬁ;) | . L ' | |
o ﬁeteral'cuttinge~9f Pseudotsuga,Taxifolie 1'yeAf '
dold‘Were placed~inetheviee box et~freeeing temperature fdfﬂone\week‘ k

J-after which they were removed and subgected to ethylene chlorhydrin

'f'vapeur (B.P. 120 C) The cuttings were placed in a closed container

'in whlch was suspended 8 pieoe of cotton oontalnlng 5 eces of 40/




40
ethylene chlorhydrin.

In 5 déys the cuttings were removed with &

marked -loss of needles. They were treated with dilutions of hormodin - A

varying from 100, 80, 40 to 20 units at from 24, 48 to 72 hours.

From this point they @ere removed to flats in’the

greenhouse: The medium in which the ends were burried was a mixture

‘of sand with a littlelgfgg?moss to hold the moisture. In March an
accident; during which the cuttings were accidently destroyed, befell
this experiment.

Cascarm:. Bhémnus cuttings, that were being treated
gimultaneously with the fir were lost at the same time. At the same
time of setting out these last cuttings wey(éa) also freated e large
variety of species with hormodin - A alone,’ some of which are now look-
;ﬁg very promising.

Some 19 different épecies of ripewood cuttings
were ﬁreatedkat concentrations of 40 to 20 units of hormodin - A for
periods of 24, 48 and 72 hours and thenvplaced in cold frames. The

results are tabulated below.




A report on results with cuttings treated with
‘Hormyod'vin - A will not be available until the third or

fourth week in May, 1938.
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»_Spéciesvk

| T e
-l :

: 40 Units
- 2dhrgl

48~hrs;

72hrs.

241

48

T20 Units

72

~ Pseudotsuga Taxifoliam.
‘ ’-vrf{Dbuglgs;EiT);iﬂﬁf

" 'GﬁamAecyparﬁs Tootkat

- ensis. (Yello® Cypress) |

g Juniperus Scopulorum.‘
(Juniper)

Taxus Brev1f011a.
(ew)

"Abies Lasiocarpa.
‘- (Alpine Wir)

\Tsugaymertensiana.
- (Blue Hemlook)

»~i§hinopanax Hérridus;

Tormus Tattallil.

J‘n\if (Fl. Dogwood}

,Rhododendron Califor—
“nicum. (Rhododendron)

f{Arbutus Ménzie311.
;;(Arbutus)

";rvacclnlum Ovalifolium,

’"(Blueberry)‘

fg\Shegherdia>0anadensis;
: .(Sopalallie) ‘

S ‘;Quercus Garryana. (@ak),

,.Jaglans Ganerla.v’
«;(Walnut)

'1 Eagus Sylvatlca.'
r;(Beachnut)

: Q¢Liqu1dambar Styracflua.:
V(Liquidamber)

~‘jDaphne Cnedrum

. {Pepper)
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DISCUSSION

~ Chemical Nature of Auxins.
)  £ é f S Mo date. there have been isolated 3 auxins. These

~ are auxin e, aux1n b which 1sAthe lactone of  the former, and hetero—
auxln or what is sometimes called 1ndole - 5 - acetic acid. By the

‘; brilllant researches of Kogl Erxleben and Haagen Smit (1955 and 1934)

: thelr constitutlonal formulas were elucidated. Avxin a and auxin b gave
the greatest problem in this -respect inasmuch as their toldlsupply of
avallable crystals was 700 mg. An example of their line of reasoning is

presented below. (s¢)

Flrst the acid and the lactone were shown to have

but‘one double bond and the acid to have but One COOH group;, After addition

of hydrogen at the doudle bond the number of H. atoms in the molecule is
'still 2 short of saturat1on and hence there must be one ring in the
molecule. -In auxin a the remalnlng three oxygen atoms were found to be in
hydrogyi groups, while "in. auxln b one hydroxyl and one keto group could

be 1dent1f1ed. Oxidatlve degredatlon of voth auxin a and b gave rise to.

Cys dicarboxylllc acid which contalned no hydroxyl groups. Slmilar
K0x1dation of the hydrogenated derlvative which is biologically 1naot1ve
ylelded 8 neutral i3 ketone. The 0x1dat10n has therefore carried away
: all the hydroxyl groups together w1th a chaln of 5 carbon atoms. From
the difference between the two oxidations it 13 also clear that the double
bond was not in the slde chain whlch was removed. Further reasonlng
ylndlcated that this 81de chain contalned the 3 hydroxyl groups and the

COCH group extabllshed thelr relatlve p031tlons, hence the oxidat10ne~

must be formulated as. follows, substance k belngvauxinfe,andyz being

dihydre~ auxin a.
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c CHOH. CH, CHOH. CHOH COOH o .
GOOH
U - (3)

COOH

CH.CHOH.CH_. CHOH CHOH.COOH

*‘“‘<i: (2) ____<§:: ,f ,’(4)‘k
| s;f‘ ﬂ;CHOHCHKCOGHKCOOH -
__—<:r“H ‘ 1

(s)

S1nce auxin b loses 00, on heatlng to gain a
neutral ketone, it must have 1ts ket0 group 1n the B~ position and there-
'fore be formulated ag 5. The relation between these two compounds, auxin
!a and b, or what is sometlmes called (Kdgl) auxsntrlollc and auxenolonic
aclds, 13 thus gimilar- to-the relation between the two female sex hormones,

theolo; (trlhydroxyoestrln) and theelln,(ketohydroxyOestrin) ' The structure

- of thé7c3re81due was worked out by breakdown experlments while flnally the
‘synthe91s of & dlcarboxylic acld identical wlth the oxidatlon product 3
5("aux1n-giutarlc acid") (Kbgl and Erxleben, 1935) (37) confirmed the

following formula for auxin a and b

3

GH. ’ auxin a,,auXQntffolic‘acid.




44

CH,

fq_Hy____CHf;-fGH——fC———-OHOH.CQLGOCH;GOOH |
A & , : e : , .- |
CH, - | auxin b, ‘auxenalonic acid. ; ; , ‘5

o H§——ch—\c‘fH—~cH
o,

. Their Self-inactivation. (357 -

As mentioned in an earlier part of this paper both

, auxin a and b have the ﬁmfortunate faculty of under501ng self-inactivation.

"It occurs in the solid crystalllne state ‘most rapidly and involves no

ox1dation because it can take plaoe in vacue and in the dark, being k
complete in'l %0 2 months. It was fortunate for us, that when we had to
~ leave our work in March 1937 for 2 months that our isolation brocedure
‘had not takcn the ‘product %0 too concentrated a state. Analysie‘of
,inactivated auxin (“pseudo-auxin") showed no change in‘composltion or
molecular weight so ‘the change must be one of isomerization. Study of

the ultra-violet spectra (Kbningsberger, 1956 Kogl 1956) (%%) (35)

xhas shown that it consxsts of a shift of the double bond - from the ring
to the 51de-cha1n, the r - OH group shifting to the. ring, this produces

an asymmetric C atom, which explains the formatigﬁﬂopt1cally isomeric

,"pseudo—auxins" from auxin a:

CH%———C~—~CHOH CH CHOH CHOH COOH

é?; i : f  auxin a (active)

G H,CH-— CH

’ CfH CH——— C—==CH. GH CHOH CHOH COOH

CH Sk e Pseudo-aux1n a (inactive)

6 H- CH—CH
YT g



,It is aa,yet unknowneif:this change has any
phyeiologieal~Significance. In the case of auxin b, the lactone, +the
\‘change is’ accompanled by loss of H 0 and 1ntroduct10n of a second dauhle

bond in the side—chaln, the same change may be brought about by ultra-

v1olet irradiatlon.

] It was not long after thisg work with auxin a and b
ethat they disoovered a substance in urine and in cultures of lower
Jorganisms whlch had physiologlcal activity like that of auxin a and b,
‘exeépt that it was only about half as activeb They found thls substance

to be 1dent1cal w1th 1ndole - 3 - acetic acld and thus the formula for

the third aux1n, heteroauxln is.

/\ g,*_‘ i
\/ k v =

- 1ts mode of formation in»culturee by lower organisms is almost certainly

‘ Ey the oxidative deamination of tryptophdne;

‘Relatlon Between Structure and Actlvity. h&I)

: | | Tables of all the substances which show any kind
of actlvity on avena curvature, stralght growth tests and pea gtem
 curvature were drawn up by Kogl and Kostermane (1955) (&3) and tentative
 conclusions have been drawn which mlght suggest that.‘“
| | Prlmary growth promotlng activ1ty (see Mechanism -

of Action 1ater) ie connected with the presence of ¢

coda The double bond, or aromatic unsaturation.
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2 A oarboxyl group, free, ar if esterifled readily hydrolyz—
) ;able.'

»:Bs A rlng system, ‘either 5= membered (auxin a and b, aromatic
: (napthyl or phemyl), or a combination of both(indole,
indene, etc.) : ,

4s A minimum distance of at. ‘least l o atom between the carboxyl ‘
group and the ring.

| 5. A verykdeflnite steric structure;, since in the one case ‘
- #tudied the cis-compound is active, the trans-compound not.

‘The;chemical,chenges which do not directly

1nf1uenee the prlmary growth reation, but ‘modify the secondary pr0perties
(see mechanism ef Action leter) of & growth-promotlng substance, ares:.
1o Length‘of the acid eide-ehaino

~2;'~Methyl subStitution in the nﬁeleuea

3: Substitution in the side~chain.

4, The structure of the nucleus'itself.:

,'The~NEchaniSm»oftthe Actien.~(Primary and Secondary Properties)

The physiologlcal aet1v1ty of & substance depends

!not only on its direct ef?ect but also on its secondary properties whlch
determine whether it w1ll reach the place of action or not. To use the
v31m11e of the key im the lock, the effectlveness of the key is determlned e
not only by ‘the wards but also by the grooves infthe side of the key,
~which in themselves, have nothing to do with the openlng process. Still

N the 1ncorreet arrangement of the grooves nmay prevent an otherw1se correctly L

“ shaped key from opening the lock. The 1mportanee of thls 31m11e is then

f‘that we might study separably eaeh property of the key, and are warned

"'against ascrlblng the act1v1ty of a substance %o those detalle in 1ts

l~chem1ca1 structure which affect- only its secondary progertles. |



Fbr example the rate of tranSpott‘of a:substance

limits'its activitya‘ Thlmmann (1935} (67) hae shown that gome eubstances‘
‘inactlve wr,of only small act1v1ty on Avena may be highly actlve in
cau31ng pea’ stem curvatures. (Another method of measuring cell elon-
: 5gat10n (ZIJ)). Such substances may be regarded as possessing primary
growth—promoting actlvity. Would it be 90381ble then to- test for the- wards
‘tof the key independently of the grooves that is to test for a prlmary v
1property of growth promotion w1thout belng fonfused by interference of othens

k The relation between molar concentration and activ- v
f‘ity on pea stems has been compared for a number of substances which show o i
‘Wldely varying activ1ty in ghe Avena test. The result is that auxln a,
indole = 3 = acetlc, 1ndole -8 - propionlc, 1ndole - 5 - Gutyric, and
::K'— naphthaleneyacetlc acids at 1ow concentrat1one approach the same

‘<

act1v1ty per mclecule. ‘This means that irrespective of secondary factors

‘%

‘which operate %o decrease the actlvity on Avena ‘the number of molecules of

'{these subatances necessary to .produce -a minimum growth effect is the same.
The production of the prlmary growth effect is therefore, apparentTy,f
chemical reactlon 1nvolvxng stoichiometrical relatlonship between the
'ractlve substance and the substrate 1n51de the cell on which it acts.’
‘Substances whlch do not give the ‘same molar ratio are presumably preventedi

from d01ng 80 by bther secondary propertxes, these may or may not be the

‘,same as those which decrease their activ1ty 1n the Avena test.

A few ‘of these secondary properties mlght be',

' 1. ;Transport, Its path and the forces which cause it are vague and
- holding back knowledge - in this respect.

By Permeabllity. Referrlng t0. the ability of a substance to enter the
¢l and reach its point of action. Its solublllty in both water

and lipoids probably plays ‘an 1mportant part.

LG QSensitivity to 1nactivat10n. It is known that aux1n a and b are
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i

' more sensitive to 1nactivat10n than heteroauxin, by ox1dases.

4. A number of other factors such as lateral transport and the velocity
~“of the actual growth-produclng reacion, may also be of importance.

- Identlty in Higher Plants.
‘ The reader might wonder which of these three
';~auxins is the native growth hormone in the various hlgher plants. While

this cangbe proved only by inumerable isolatlons Kogi Haagen Smit and

;,‘Erxleben, (1954) (¢O) have given ‘good ev1dence by indirect methods that

thetaotlve substance of the Avens, coleoptlle is auxln 8o Firstly by
calculatlng the molecular weight by dlffusion methods (agar blocks).

’ The aux1ns from the higher plant sources by this
: method glve a velue of 328, while those from yeast and Rhizapus cultures
eglve values of about 175. Secondly the senS1tiv1ty to ?H pmov1des 8
dlfferentiatlon of another type, indole derivatives 1n general are des-
troyed by warm acid; but not by alkali, aux1n 8 is destroyed by alkali |
but not by aczd, auxin b is destroyed by both The auxin of coleoptiles
Cis sensitlve to alkali and that from fung1 to acld. The facgs therefore
‘are consistent with the 71ew that the aux1n of hlgher Plants like Avena
‘coleoptlles is au21n a, therefore it is 1ndeed highly probable that other

: higher plants are stlmulated by eux1n &, in view of the fact that auxlns

fhave been shown not to be a Species speclfic.

szmenclatﬁre,Inconsistencies.

_Auxin & end b ‘and heteroauxin are . the only three ‘

substanees to date that are known 0 exist in the plant klngdom and have
,oellvstretching ability. Many SJnthetlc preparatlons have been shown to

‘permit or cause cell stretchlng.‘ In the present eondition of thek‘k
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‘.nomenclature beceuse they give 8 reection in the standard Went test 1t is

‘permlseable to call any of these synthetic chemicals auxins. In the Opinr ;

ion of thexauthor they shouldn't be called auxins unless occuring natur-

ally in the plant kingdom.

‘The Activity of Some Synthetlc Gompounds related to Indole-S—acetlc Acid.

Slnce it was discovered that the common indole—
_S-acetic acld wag’ active and occurred widely in the plant klngdom, Kdgl
"and Kbstermanns (1955) prepared alarge number of derlvatlves of 1t

: dsyptheticslly, and.tested themjbyAAyene curVature methods. There activity

Ev

was found to be much less than'that‘of the'originsl‘heteroedxin., In their ‘

‘fderivatlve research Kogl and Kostermanns first cons1dered the importance of
the carboxyl group and therefore prepared 8 geries of esters. It was
“found that their actlvity decreased with 1ncreaS1ng size of the esterlfylng
‘radical. Kogl beleives the esters are hydrolyzed in the plant and that

, they owe thelr ectivity to the acid produced from them. The decreaslng
,actlvitles may be ascribed to decreasing rates of enzymic~hydrolysis° The'
double bond appears to be essentlal for activ1ty, for the 2. to 3. dlhydro-

derlvatlve 11ke the dlhydro—derlvatives of auxin a and b is 1nactive.

Fembering of ring-atoms of indole
. compounds is as follows:

Introddction of an\alkyi'group into~the:i or‘5’pcsition‘0f the*nucieus
'»always reduced the actlvity, sometimes completely.. thhylation elsewhere
~‘(except for straight growth of Ayena), while 1ntroduct10n of an ethyl

rgroup is more 1nact1vat1ng than methyl. Introduction of methexyl in any

i position completely removes all act1v1ty. Uzk)
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The length of the ec;d gide~chain also gweatly
effeots the ectivity. For- example indole -3 - earboxyllc acid is- complet-d
ely inactlve as is also 1ndole— 2 - carboxylic acid. Indole— 2 - propionicb ;
‘acid hasyonly very slight actlvity, but ‘indole -5 - isopropionic acid was |
almost comparable with indole-aoetlc acid. Of other derivatives indole-
‘jlaotic'aoidewee found inectlvefwhlle indole pyﬁaﬁeoaoid,had iow activity.
‘In our own‘oase of oourse,it'was found thetoindole -3 5,39ﬁiyrio acid was
actiie. | | /
Indole - 3 - alanine (trypophone) has slight

aux1n act1v1ty but thls is lost on recrystalllzatlon and is therdfore due
,toolmpur1t1es.,fHowever, Went flndsfthe behavior of tryptophqne~1nterest—
‘ing,from ahother soandpoint. ff~applied to Avena’curvatores,,he says,

are produced after a lapse of two hours or 50, Itjelso aooeleratesfthe
'growth of coleoptlles when applled to the ‘base. (72k) Iodole = 3 - ethy- '
lamine (tryptamlne) behaves in the same:way.'Uh@ﬁbog,i937)(éi). The
dlatter substance whlle 1t does not contain an acid ‘group could be doubtless
deidized to 1ndole —3— aoetic acid, v1a 1ndole —Zo aceialdehyde. T:ypt—
ophane,,as we have seen may be converted to indole ~3= Beetic acid by
) fungi and bacterla and the'same 00nver91on by plants is therefore extremly
’probaole, Went feels that'ﬁyptophane and tryptamine are of special
1nterest as constitutlng models of the auxin pre—cursor in the coleoptile~‘
‘~they are subSuanoes whlch inactlve in themselves, are. readlly converted
j‘to the active form by plant enzymes., WEnt glso . points that‘tryptamlne«
is a base and therefore accordlng to the eleotrlcal polarity theory VzL)
:  would travel upwards in the plant. Thls would be very 1nterest1ng 1f 1t

" had not been shown {724n) that the auxin produced in the grow1ng tlps of
- these higher pmants was not 1ndole —5— acetlc acid. ;
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 Not only variations in the side~chain but
~ variations in the mucleus itself may be affected without wholly losing

the activity. Thué,~Thimanh (1935)~(b7) has shown that indene -5— acetic

eaoid whlch contalns a carbon atom instead’ of the nitrogen of the indole has

mederate actlvity on Avena. On the ‘other hand cumaryl—acetio, with
oxygen instead of the nltrogen atom was inactive in produolng curvature.
| | Haagen Smitt and. Went in 1955 listed (27) a

,number aef substances which they found to be inactive by all test methods./
‘Glover 1n 1956 reported that skatole had- growth promoting actlvity on

~ Avena. Went"hae'ehown this to be false. bﬁﬁ)faegarding'the activity of
esters, it is of‘inferest’that'the’esters of'éuXin aJﬁre'inactire. There
is goodoeyidence'that auxio a ocecurs iﬁ a numberfof natural pro&ncfs in

 the inaotive ezter fomma~ Thus Kogl, Erxleben and Haagen Smit (37 ) were

. able to obtain con81derable actlvity from several vegetable oils by

"hydralyxing the OilB w1th & lipase preparatlon or with sod ium ethylate.
oSome oils such as corn germ 0il, contain auxin in free form. Auxln‘*
estere:ig_edlble fats~anﬂ 0113 may well be the source of the auxin e

o infuriner ThlS has been made very ‘probable by feedlng experlments.ofAs
’explained in a prev1ous paper by the author (7#) 1t was found that auxln

.-content in the urine 1ncreased greatly afteroingestlon‘of salad oils' “'9

. and butter but not from 1ngest10n of pure protein, sugar or hydrogen— :

‘ated fats. (74 )

 The Auxin Pre-cursor.

‘ That the seed plays a part in the formatlon of
Lauxin in the coleoptlle has been explalned by Skoog (62) If the seed

is removed aux1n production in the ooleoptile Fip decreases and if the



plantuis.decapitated and thours'later»regeherstion'df‘auxin prsdﬁction‘
in thesstump does’not occur. The blahtSIremaiﬁsnormal hewever beqeuse they'
'ere still*sensitive tO‘applied'auxin;l The auxin secreted'by~the coleoptile
‘tip does not come direetly from the'seed'as hasibeen claimed bj;Phol in
:1956 because if it did it should be possible to intercept it by removing
‘the coleoptlle and replacing an agar block on- the stump. Skoog eould
obtain no auxin:in thls way, even.with very young plantss ‘This'was~shown‘
:'by the failure of such blocks to,produce‘ahy curvature oh‘fhe'Ayene after
5~hours;‘ If however fhe'bloeks,were left on the test coleOptiles»for e
“longer . period they glve rlse 40 distlnct auxln curvature, this indicates
: that some substance (precursor) is being converted 1nto auxin within the
fissues of the test,plant,r Forlsuch tests’deseeded plants,‘which,do not
showyany fegeneration Were‘useds"The evidence is ﬁherefore strong thet’
‘aepreeﬁrsor;,present in tﬂe seed, moves”ub into the&coleoptile ﬁip and is
"there 60nverted,into auxin. Some of it is doubtless~also eonverted into
auxin in the seed itself.eChOlOdny has shown that wetting of seeds causes;'
:rapid suxin formation. (§ ) | k

| The: free auxin thus formed is probably from the
brecﬁrsor; It may be suggested (Skoeg) that this precursor is an ester,
the esters of auxin a belng themselves inactive.

| In general the productlon of auﬁin tekes place

“in the spieal parfs_of,all>organs wh;eh are aetlvely;elspgating,'suchu«

as terminallbuds~on:gfewing stems, young leaves on growing petroles;
infloresences or flowers .on growing flower stalks and coleoptlle tlps.

‘Now we know in yeung seedlings the last stage in the production of auxins
«qcan take place in the darkness (61) and since it might be concluded from

- the general agreementsybetween thefexperlments on plants other than
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3  seedlinés, that auxin produétion’in.éﬁch pianté~£akes’piace only as a
resalt of the‘aotion of 1ight; it fﬁllowszhat‘light‘is’necessary,er y
the,formgtfﬁn §f the auxin precﬁréor. (720) There must therefore be 2 de-
finite light—sensitivékregction involVed iﬁ the'formation'of the pre-
cur;or. In 1928 Gregory (25) came to the conclusion that a master photo
chemical reaction, independent of carbon assimilation, 1eads to the
fgrmgt;on\qf;a substance’d;rectly'involyed in leaf e;pansion, There is
VAOthinggiajthe literature to‘sﬁow that auxin itself plays any part in
‘,ieaf‘éXPansion ekcept that it~ié connected with fhe elongétion*of,thé
’véins. The mesophyll ‘is not 1nfluenoed at all by auxin application.
The cases on record where auxln is formed in the

'dark are all provided by seedllngs. VIn~these it is almost’certainly
,formed from an inactive precursor~whigh’ié‘stored in;the‘séedé It is

| important ﬁhen for the gr¢wth of seedliﬁéa whiéh‘have to begin their‘

) iive$ in the dérknesa, not only‘carbohydrétes andfother~nﬁtrients but
',~a190'§uxin'i§ thué stbred in & readily available»fbrmo~
. | Auxln production iz not in general due to mer-
, 1stematic act1v1ty of to the presence of embryonlc cells as is- proven
by itstroductlon in coleoptile tips and in leaves. Wéight'for‘welght,
‘iauXiﬁ productioq is the greétést in the very young leaves of the bud.,
(Zz) On the ofher’hand therejis~a disﬁinct correlation betﬁéeh the,pdsition
,of an organ and its aux1n productlon, ‘only: the most aplcal reglons form

auxln, and the more terminal thelr p081tlon the greater the productlon.
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. Gher Nethods of Awxin Deteriinabion.

| ,Althoughtthe'went‘test tecnnique of'coleoptile
'bending,isﬁuniverSallylaccepted as a method of testing grdwth substances,~‘
trother methods have been devised wh&ch have certaln merits in their favor
ualso. Among these are the Pea test, streight growth methods, ep1nastic

response and such varlatlons of the Went technique as removing ‘the seed

o to increase sensltiV1ty, or applying the hormone in lenoline paste 4hetead

of by agar blocks. An excellent account of these may be foumd in |

‘j"Phytohormones" by Went 1957. The pea test being ‘most popular of these

other methods it might be well to mention it brlefly.
: When elongating organs, partlculerly stems are |

: split longitudlnally in the grow1ng zone, the two halves curve outuard
in water and inward in auxlnfsolution. The outward curvature is due to

ftlssue tens1on, the epidermal cells belng normally under tenslon and the
‘ 1p1th cells under pressure. The inward curvature 18 a differential growth
1phenomena of a complex nature. (Jost and Beles, 1956 (31) Such cur-
vatures in - pea stems can be used as.a convenlent quantitatlve test for
euxin.~ Thls test has been shown by Thimmann ( 1n 1955) MY] b0 ‘e
Juseful for testlng substances that may be active in growth promoting
without shsw1ng any curvature in Ayena. For example Cumaryl~acet1c will
not brlng about curvature in Avene but w ill show stlmulatedcell e10ngb
atron/ln the straight growth test op cause curvature*in ‘the -pea test.
That ig, it apparently possesses the prlmary but not “the secondary
propertles as mentioned on pageqv of thls ciscusalon."

In the straight growth method of auxin determin-

g ation quite short cyllndrical sections of coleoPtlles are placed in

rauxin solutions. ,They respond‘by an 1ncrease in growth which is prop=
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' -ortional w1thin llmits, to the logarithm of the ooncentration of +the
auxin'(Bonner, 1955)~L5‘) : Th1s makes possible ‘a’ 51mple auxin determinr
ation by*stralght growth measurements under the mlcroscope ellmlnating
:the nece331ty for humldity oontrol. Dlstance of the sections from the
tip, re81dual growth and age of seedllng all vAry to make this test poor
for quant1tat1ve work. : ‘

kB. A« Scheer (1987) (%) fi;ndé that at hrigh'

‘ condéntrations,of g.s; Wen{s’tgst'is,nét aceurate due fé transverse
’spreading;éf;the hormOné. They suggest’another method of»measnring thg
oiérall lehgth of the‘coléoptilé. An agar‘bléck“containing fhe Gs8. is
fplaced,SQuarely on thaﬂdecapitated:Stump ahd the toﬁal‘lehgth measured‘in
24 hours.»!With,ghis method they obtained an increase in length Ofvloo%
in 24 hous. o -

; 'The cOnveniehée 6£ curvatuge methods rests upon
two fadﬂs'(l }. the residual grbwth aftér deca@itaﬁion'is‘the same‘bn

:  both sides of the plant and thus is automatically ellmlnated from the

,measurements ---no controls are necessary, and (2.) only one measurement

~need be made, there 1s no ‘zero readlng for the plants are chogen to be
stralght. Be51des thls, the curvature magnlfles ‘the amount of growth

joccurlng and thus makes it eaSy to measure..
The fact that aux1n is 1nvol§ed in a large

’number of processes other than simple elongation makes pOSS1b1e & number

of means. of assaylng it. The inhibitlng effect of auxin on the growth
Qf'roOtsnon cuttings, tpe inhivition of lateral bud development and the
production‘of‘swellings'on stems and hypocatyls és well,asiits effect on

learl péti@ls have‘a11'been used with more‘br less success.
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‘On Germlnatlon of Seeds.

Ethylene chlorhydrln has been shown (72p) %o
_promote the?gfowth of'root85 Mbst sﬁbetances hav1ng thle auxln»like
characterlstic inhiblt root lengthening. In Vlew of this it is peculiar
‘that the ratlo of the root length of those pre—treated with ethylene
chlorhydrin, over. those of the controls is 1. 58. In the seedllnge pre-
:treated w1th the vapours,if the coleoptiles had been ‘longer than the
roots,,it would compare more favorably w1th the controls and we might
lntefpretfonr‘results,as a straight stimulation’of‘growth° However this
‘is net thé'ceSea The‘roots have  turned out longer than the ooleoptlles
) whlch means they have been stimulated over and obove that of ordlnary
growth 1nasmuch as the root coleoptlle ratlo in those pre—treated is '
'1 33 as: compared to 90 in the controls. t ’

| Van der Laan {1934) (&§) reported that ethylene

1nh1bited the fobmatlon of growth substances in Avena. ‘Mbre recent
studies by Crocker, Hltchcock, and Zimmerman {19385) (}3 ) suggest that
ethylene itself may be a plant ‘hormone, though the experlments of Eﬁchener
1955) (PHJ have failed to show any growth—promot1ng effect of ethylene
;applled in a series of concentrations to Ayena coleoptlles. ;

Van der Laan (1954) (tfi treated seedlings of
Vicia Paba w1th ethylene, the greater part of the growth substance in
them disgppeared as dld geotropic sen51t1v1ty, and the shoot grew horig~
¥ ontally,‘“

The author would like to suggest that in view of
thesebresults of Ven der Laan, possibly when pre—treating our seede with
‘ethylene vaponrs we. pre—determlned the destructien of the auxin as far as

iit was concerned in 1nh1b1t1ng root lengthenlng, “thus accountlng for our
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f\lothr roots in thé case of those’pre—treaﬁed with ethylene;' But this
dOesknot‘explain~the~inorease in 1ength of théhcoleoptiie over that of théf:
cohtrole.‘ To thls end let us say to the extent that the root length
might be a 11m1t1ng factor in growth of the areal parts then the 1onger )
roots ghould produce lopger coleoptlles,\ Just how the auxin mlght be
~ destroyed as far as its'rooﬁ Iengthening inhibiting qualities‘exist and
yet be‘prQSQrved;fdr its cell stretching ﬁppk in ﬁhé coleopti}é, brings
‘us back to therld'questioﬁ of‘héw it can;stimulate 50190ptiles and in-
hibit rooté;f'Now‘Van der Laénf(l954),(¢5)'alsofshowed‘that ethyieﬁe
fdecreases the procuctlon of growth substance in Avena and in Vicia Fava
but not its utilizatlon, for, when a grawth substance 1s directly applled
growth is no% affecteda Now in our case auxin is being produced at the
growing tip of the coleoptlie. This can promote cell stretchlng as it
travels»basally. That means it can be utllized being freshly produced.’
This might;acc6untffor our increased length of coleoptiles.
’ | Crocker, Hitchcock, ahd Zimmermany(1955)«(13 )
‘éon’c'vluded ,that‘ethylene may itself act as & :hormonkef.‘ Went says the effect
:.;of ethylene on growth bygélongation‘is to inhibit,and not to promote. In
nSalix cﬁttings,~ethylene”ai§he has a small effect in increasing the numbers
‘of roots, but if they are treated with auxix‘;; its effect is greatly in-
~¢reased by ethylene tregtment. 'Thus e£hyléﬂe only seemS'td‘be effectivé
in fhe bresenoe 6f auxih. Since the eaperiments of Crocker, Hitchcock
-and Zimmerman were carried out on green plants, rlch in auxin it is
highly probable that the actlon of ethylene which they observed Was

through its effect on aukin already in the plant.

Seeds and Hormones and;Ethylene_yq«i~°

Bl

Aslhgs‘already been mentioned the results showing
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,ah iﬁhioiting effeot on eeed’germinatiog by auxiﬁs confirme’theSe of
other‘workerskig’this field (W;,Daviee)\(ne), T;:301ooalﬁ} (€5), 1937,
oHoweVef Atkins aod HudSoh-(l937 ;(174, give evidence to“show that if no
‘ystimulation in germination of seeds takes place on suxin pre—treatment
 then acceleration of growth and length of shoots takes place 1ater on.“
o‘The fact that our higher dil utions eventually caught up with the controls
: confirms this. ’
| Choiodny~in‘193é (1e) in an attempt ﬁo explain
vernalization in terms of auxin accumulation in the meristematlc tissues
of ‘the embryo, treated various gralns with heteroaux1n and found the
- plants so treated flowered ‘at:the same time as thelr control but their -
yield was 1ncreased.
. 'Gtaoe (23) treated tomato‘seeds with hetefoaﬁxih‘,w
and many of its derivatlves incorporated in talc dust {Dosage 50 - -850
‘;mg. per acreﬂ and obtalned a stimulatlon in root and top growth accurlng
ylater.
l ‘, We Davies and others 1957 (/6) report that all
comooan&gdg;cept ascorbic acid had 8 retardlng efzect in any concentratlon
,on the germlnatlon and snbsequent growth of oats.
| Experiments have been carried out (Fielson N. 1936%&@
kon the growth substance content of seeds of varying ages. It'was found thet
4here was no apprecleble var;at;ong Iﬁ:was moreoyerwfound thet ge;ﬁin- |
‘ation capacity to be eimoSt entirely inhibited in theuolde: seeds. There
miéht then be‘ho‘relaoion betweenfgeimination capecity»and'eontentdof,
auxin. | | | | |
~ Qertain Workers {Cholodny et ai,j ,19‘57‘) (:( )

~ believe germination is brought about by & hormone which they call
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K blastanin, changing from its pre-cursor state‘toxan activé state., It is.
“theirbeleif that it passes from the endosperm into the embryo, and is

5,
N

thus the physiological cause of vernaliiation; Low temperature aﬁd re-
;duoed moiseure maintained durlng vernalizatlon retard embryo growth
-~ owing t0 whlchsblaatanln accumnlates in the tip of the embryo and later
eccelerates plant development.

Ascorbic acid is known to accur haturally in the
plant and as prev1ously stated workers have found that it stlmulates
: germination. Whether or not it is blastanin or is related to it is
unknown. It cannot bektermed an auxin as it doeeynot cause cell elon-
gation, (Giarke,‘w. Gy s 1937) (1%), nor does it facilitate the action
offauiin‘in the staﬁdard Avenavorlpea stmemcurvatureotest. Ascorbic
acid is not present in the germinating eeed but is synthesized in the
,oole0p£i1e from‘a precursor in the seed. .Reduoed asoorbié acid (also
according to W*lG. Clarke) 15 oxidized more by extraots from bassal
seotlons of the coleoptlles than by extracts from aplcal sections; this
4destruct1ve gradient corresponds w1th the. destructive gradient of auxins
Aln the coleoptlle and also mlght be associated with the fact that the

' dlstributlon of perox1dases varles inversly to this; ie. their concen-

tratlon gets greater as one proceeds basally.

Auxin a end Animal Tissue,

- Seubert showed in 1925 thé% eUXin may be present

‘ iovhigh concentrationsiin saliva andkpepsin, both ahimgl secretions.

Kogl, Haagen Smit and Erxzleben in 1953>(33d made eystematio examinations
of aniﬁal excretions and tiesues. Most tissues contain very small amounts,
‘the kldneys, and the colon and 'its contents having the mos’co Magchmann

"and Laibach. in 1933 (§3) found the liver and kidneys of the mouse and hen
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: to e higher in avxin than other tissuess laschmann (1955) o(53)»and |
| Kogl, Haagen Smlt and Tonnis (1335) (e/) foundfthe auxin~content,of |
'fhuman~cavcnnomas,;s higher than that of surrounding tissue.‘
| " Pischer fonnd‘no offect of auxins'on the growth of
‘animal tlssue cultures (see Kogl, Haagen Smlt and'Tbnnis, 1955) (4/)
. Thls however 1s not conclu81ve proof of the ineffectiveneas of aux1n since .
"the embryonic fluid which is used for tissue cultures is relativelJ righ
~in aux1n WxQ) It is beleived the large quant1ty of auxin in the urine
*"13 derlved partly from the food and partly from the action of bacteria E
in the 1ntest1ne. k |
Robinson and Woodside (1937) (§¢ ) have followed the
'~auxin‘formation in thefhen‘s egg during ite‘development. Thefauiin'which
1s prlncipally in the embryo increases parsllel to the 1ncrease in weight
‘ofmthe embryo for the first 7 days, thereafter it increases rapidly to
' ‘reaoh~a;max;mum of about 40,000 plant unltS\or 1 U’of aux1n‘at about 14
;déyé.' Finally it’decreases againe . There seems to be & suggestlve par—
"_allelism between auxin content and‘growth. Mévez and Kropp (1954) {3%)
attempted to associate asuxin with the ohromatophore acgivator. Baysen
Jensen in 1952 (& ) showed that oertaln amino-acids are particularly
‘favorahle for the productlon of heteroaux1n, the most of which was trypth ’ 1
phdne, a constltuent of peptones. It is belleved that thls is the source
‘from Whlch bacteria- produce heteroaux1n, as a break down product of
"tryptophﬁne. ’
Went does not ‘seem +o fawor the.qdea that auxin.
plays any part in the anlmal kingdom although he concedes that auxin
éproduction by pathogenlcvmloroorganlsms may be of great importance in

_ plant déseases. He beieives that little comparison can be drawn between
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i

the auiins and‘the animal‘careinogenic SubetanCee. These substences, he
: says, are hydro-carbons (Fleser, 1956) (20), are very slow in actlng,
, and 1t seems probahle that thelr effect is to 1nduce normal cells to

‘ ohange 1nto omnoerous oells rather than to promote cell gfowth’directly;

Auxins vs. Animal Hormones.

g

The rapid pfogrees Of'work in the field of planf e
f‘hormones mlght be attrlbuted to the relative 81mplic1ty of the relatlon
‘,we beleive to exiet between the plant and 1ts hormones, as contrasted with
"the apparent oomplex1ty~of the same‘81tuataon in anlmalsa ‘The‘harmonal
foorrelation between different parts of an organlsm will be the more comp—’
| lex the larger the number of parts, the plant With its few organs is
kthus a relatlvely favorable organism for study and should, in the oplnlon
"of several emlnant authorltles in the medical fraternlty of thle city,
ylead‘to a great enrxchment of our knowledge regardlng harmonal activitiesf

‘;,in eoimal the action of hormones iS~often indipect. The pituary exerte |
an effect on the gonoda v1tam1n D may aot through the parathyboid, ete.
fThese addltional llnks 1ntroduced make the process harder %o explaln.~k‘
Ve don't malntain that 1n plants the process is itself any simpler but only

f'more open to attack"for example we can 1ndividuate between the prlmery
ﬁ!process in whlch auxln takes part from the secondary ones whlch prepare'

o for its action. ! |

| k ,fhe hormones ofkthe two kingdooekcen be'eontrasted
oin seoeral'reSpecte. In anlmals the food and hormones all travel along

“the ‘Bame path namely that -of the blood stzeam. This,means all oells ;

;recelve the gsame hormonal stimulue and the result w1ll depend on thelr

'i ablllty to respond to 1t.” Plants on the other ‘hand have no true oirCul—



'atlon and ﬁhe movement of hormones in them is mainly unldlreotlonal
1ndependent of “the:mass movements of water and foods.  Thus hormones and
foods move by dlfferent paths and hence every cell is not in a position

to respond; the;sesults 1n~loca1 growth zones and‘phenomena'such'as
\apicalngrowth«;hiﬁ)“ | | ‘ P |

| | | The hormones of the tw0~kingdoms‘also have suffic-
,,ient parallelisms to merit ‘the use of & word which was fast ooaned for
 animal physiology (Bayless and Starhng, 1904) bms) First the baslc
,ofunction of hormones, that of chemical messengers (Bayless), is the same -
‘1n plants as in anlmals' == oury phyto—hormones then are truly hormones.
lSecond, the activity is exerted'lneconoentratlons toadilute to allow of
‘ their making‘up an'appreciebie part of the cell oall or contents,
k f Begardlng the spec1f101ty of plant and anlmal

Lhormones, there seems to be very llttle speoles speolficity in elther
,cases .That is one hormone performs the same functlon in a large olass of
: orgsnlsms. On‘the~other hafid. there is spec1f101ty‘o£ function, a feature’
whlch is more" marked in. animals than 1n plants. fWe‘beleiﬁelthe~auxins
..brlng about ‘2 number of dlfferent effects, while the anlmal hormones
" seem to have one speolal funotlon. The specificity of function 1mfan1ma1
“hormones issstrlotly dependent-on their molecular sfructure 80 that in~ohe
:sterams for instence,,smsll changes in the molecule oompletely alter oertain”
funotions of theé substance hydrogenatlon of arromatlc ring convertse
' female %0 & male sex‘hormone. In . the euxins, acoordlng to Went Wxﬂ small
changes alter only the quantitative activity of the substance and do not
changetits funotion. Just‘how true thls‘will be showu to be. in’ the‘next
,few~jeers'is a\matter of donbt; Quantitatlve changes in act1v1ty with |
'small changes in the molecule also occur 1n the sex hormones. Whether

'these ohanges are due to dlfferences in secondary propertles, such as
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’ penetratlon, partlal 1nect1vation, etc. as w1th ‘the auxins has not yet :
been shown.,

B ‘The author has shown the only known effect to

;date of plant hormones on animel tissue. There is certain evidence that
5 animal hormones have ‘an effect on plant growth’ Oestrone insparticuler
;has been known to increase the dry weight productlon and flowering of
e number of plants (Sohoeller and Gaebel, 1955) (7}, ‘,In'some of Went's
unpubllshed results he 1nd1cates that oestmone (theelin) promotes the
growth of roots if auxin is present. ﬁ?zw
| | The ‘idea that plent hormones eould have any
possible effect in the anlmal klngdom does not meet much favour with
5 F. W Went. His oplnion is admittedly based on experlments sbnducted .
vby Kﬁgi et al where in tlssue cultures en vitrio were treated with one
of the aux1ns. In this experiment they used embryonlc fluld for the
5 dcultures whleh has 51nce then been shown to be rich in auxin. Also they
might’haye usedchetrOauxin‘and~not euxin a. This would decrease their
‘sepsitivity;fo’appiied euxie; We‘reaiiZe odr resﬁlts eifhranimal tissue
:mlght be criticized on the basls of not hav1ng all factors under oontrol
however it was not sterted as an experlment and only mentloned as possibly
one of. auxins 1nterest1ng effects.’ ;
| t  Pe G Gustafsen (26) has shown that parthenocarpy

;has been 1nduced by pollen extraots. The extrect was mlxed in 1onalinee
‘and applied to the stlgma or cut plstll of pepper and eggplant. It was
“then found to promote tne growth of ovaries and produce seedless fruits.i
Is 1t p0531b1e that ohloroform or water extracts of sperms mlght not

e_stimulate dormant ovaries in humans.
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Plant‘Tumofs and Théir‘Belatiqn to Cancer. |

- o The crown-gall diseasé‘qfkplanfs\cgn‘fesémble only
cancer of the skin and is best visu&iized‘as‘é'warty,kglqbuiér mass of

tissue the surface of which is studded with & large rumber of smaller

'spherlcal boddies partially imbedded in the underlylng mass of tissues
In other cases the gall is perfectly smooth with a thin 1ayer of epidermis
c;coverlng 1ts Outer;surfacesfand,may groasly resemble,a‘sarcoma of a 1oqg

‘,boné; As‘thé qiséase'appears,in'caturecitJié charéctérized by a smooth
sweliing‘or by 5nfirregular5~warty mass cf‘tissue found/bn the Surface
of the stem above  the rooté;'cThis‘regionvcf the éiant‘ié‘commonly ref-

B erréd to as the crown portion of the plaﬁt, hence~the’name, crqwnégall.
Jenséﬁcﬁas‘amonéfthe first to uhdeitmke‘an iﬁtensive Study‘bf'the crown-
1gaila~ He concurred, in the main, that crown—gall resembled cancer.~ (31 L;k;

o Mhny bacterlal para51tes have been found asccc-
 ¥‘1ated w1fh cancer but 1n 1o case has the: 1nvest1gator been able to estab-

~1ish the organlsm ag-the eflologlcal agent. Bacterla as secondary 1nvaders

in cancer are well knowne Lev1n and Lev1ne (7 ) in a study of the analogle

between the crown-gall and human cancer concluded that the reactlon tlssue
ylnrcrown-galllmayybefbest Qbmparédd'WIth the 1mf1ammatory,processes in
'iﬁfecﬁious'diseasés of animéls; Dev01d of cell types found in animals'
kthe plant is capable of reprodu01ng only the cell that is 1ngured, so

“formlng a protective mechanlsm‘comparable in an;mals Qf scarbtlscue. cIt
‘has been shown by Levinc;(5@“) thatcﬁcdef’cOnditionstsﬁil}‘unknownkthié
‘reéctiOh’tiésuevmay bécomefcxféhsive and invade thé normal tissuccof ﬁhe 
hcst,'prb&uCing a;deétiuctiveknew grgwth.k~Uhder fhese conditionsi'the

crownfgall iskcomparable to:malignant cancer of animgls;and‘man.
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An essentialoharacter,is'tic of the malignant animsi tumor is the pro-
ductlon of 31milar growths, metastases, in parts ofbthe body distant from.
the seat of the prlmary neoplasm.‘ Metastases, or the dlssemlnatlon of ‘
orown—gall by emboll to other parts of the plant do not occur because of
the structural characteristlcs of the plant, The movement of th flulds,
blood and lymph in the animal and the mature of the animal tissue: favor,
according to the acBepted views of the present day, the,separation of
small clusters of cells from the main tumor and their transportation to
distant parts of ‘the bodys Here cells become lodged andproceed to grow,
“forming secondary growth,~ Thls ‘new growth consists of types of cells..
identical withﬁthOSe'Of-the primary neoplasms. The plant fluid, sap,;most"
likelyfpaSSes through cell walls'end‘cell”pores, tut paftioles as large
as'cells‘oannot'pess through these wallsoeven if'the&'sere separated from
“-the" prlmary crown—gall. The analogy between the neoplasms of manland anl—
mals and the crown—gall disease of plants does not hold in thls 1mportant ‘“
and fundamental point.
| | } ’ The layman's conception “+that mallgnant Crrowth*l ared"
‘characterlzed by the development of 'roots' has ‘good foundation 1n the
studles of Handley (aj) and others. 'Mallgnant tissues form strands of .
cancer cells from the prlmary growth along lymph channels untll a favor-
’albe locatlon is reached where the &7 owth tekes on a nodular formo, Smlth
Brown and Townsend contended that crown—gall produoes strands of crown—
gall tlssue so that a new growth is formed from one already present.
Lev1ne made mlcroscoplc preparatlons of crown-galls from petioles and
failed_to find anyoeonneetlng tumor ‘strands. The tumor on the older part
’:’whicﬁfbéeomes‘iisitle"first has bees referred to as the primary growth,

: whilexthe younéer’gall,éwhich becomes‘visiblellateg, hasobeen;refefsedlto :
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es secondery'tumor.‘ lbtaetases in crownegall do not occur and the so=~
oalled secondary tumors are produced by the same. 1noculatlon that cause

- the primary growth. There -is no tumor cell contlnulty between primary

,and ‘secondary tumor over—growthe in plante° The terms primary and
secondaryotumore in crown-gall represent a temporeldrelafionShip in the
develoﬁemtn of two gallefarising from simultaneous ioocuiatioos of emb~

'ryohie tisseee. ‘In cancer it 1s believed that the secondary growthsa
arlse dlrectly from the primary growth elther by emboli or etrands.

‘Berridge ( # ) on the basle of ‘a study of  the
pH;cohcentrations of the,orown-gall tigsue, contends that,the pH conc~
’eotrationfof the plant sap most favourable for the growth of Bacterium -
tumefeciens'L an organism which;can bring‘ebout crown-gall) is at,5.2;’
Thie,pH'concehtration ehatacterizeefthe’merietematic‘tissue where the
eroon-gellfariseeq It is’interesting to hote“thet the euxiﬁs are also}
active at this pH. | o

o It may be stated briefly that Smith(-é?-%) believed
:that bacterla were not necessary to produee crown-galls but that the -
products of the metabolism of the paraszte were sufflelent. Thefprod-

: uctlon of tumors in plants by . chemlcal means hes been the subject of
con31derable experlmentatlone, ‘but the reaction tlssues g0 formed are
emall and do not reach the over—growth etage, elthough 1ntumescencee and -

"o internelooell\proliferations~of a limited type have been reported,(Le¥inﬁ
1936) ‘_(;so&). S ' e

| JEAP o Another aspect of the problem which widens the gap
of enalogy between cancer of anlmals and crownegell of planta is found in

”"the cytological phenomena of these two classes of over-growths. It has

E been known that cells in human and animal cancer tissues are abnormal in

f‘thelr.behavlor, 1rregular in s;ze, and,prollferate;w1th,very little.
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'regularity‘ For this reaeon their cytblogy hes been stﬁdied'ﬁith some hope
of throwing some light on the‘cause‘ A number of investlgatora of anlmal
‘cancer - have described atyplcal asymmetrlcal div1sions, monaster and maltis=
polar spindles, ‘and amltotic nuclear dlvisions in cancer cells.. Cells
with a larger number of chromosomes than normal for the species were
lcon31dered by von Banseman and/others to be due to an‘unequal dlstribﬁtion
of the ehromesomes‘infnuclearkdivieion¢‘VOn‘theebaeie of these’phemonema;
- various theories as to the cause of animal camcer ﬂeve been evolved.

lSomelbelieved that cancer was due to fusion~of‘somatie cells, altered

b"chromosomal behavior, a somatic mutatlon, and . that the cancer cell is an

altered one and capable of perpetuating itself. Stlllothers believe
that some hormone,or other‘substanee,ls‘belng concentreted~in that area
'eand cau3es prolifefation of the eells~so~rapidly thet differeﬁfiation
f'ails to take place. Another theory is that the cells, for some reason
or other, do not age.u Accordlng to Levine malignancy is due to cytOo
‘plasmlc alteratlon rather than chromosomal. or gene changes. ‘While the
orlgln of glant cells of cancer is not clear Levine has shown that the
- foreign-body giant cell and~tumor glant,oells are~not very different
‘except‘that’thOSe thet are induCed by bacteria aie‘malignant, while those
that é%é‘eetiVafedfby nenQIiving granules are~hermle35,,these two types of:~
cells are dlstlnctly ﬂeparable on a cytological ha91s. ’ | |

The eytologlcal study cf crownrgall tlssue showed
no abereent no lobelate nuclel, no multlpolar sPindles and no amltotic
d1v131ons$ It 1s‘noted that blnucleate ‘eiie,andkmultinucleatevcellsfaré
- common,'and thgt nuclear AlY1810nSk1g crown—gallltlesue Qere‘oflthe
| mitotic.type. ’The«stiiking,cytOlogleel,difference‘5etween‘the’orown¥éall

and~cancer celleeis the bizarre nuclear division phenonema in the’latter,
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ogcurripg in the glant tumor cells‘which~we#e described hé‘unihucleate
and muitinuéléate~cells. |
e S Winge( 75" ) studied the phromosome numberﬂin the
‘crpwn-gall of the‘éuéar leaf‘and pointed out;thaﬁ cells in the tumor
‘  tissuekhadltwice the'humber‘of chfomoso@es'normalij‘fbund in theisomatié
cells of thekleaf.,lmhe pfssencg of'these increased chromoaéme numbers/:
ih ﬁhé fumér oells,of ﬁhe,beet'was‘verifigd (,“’) and extehded to crown—
gall bn‘the tbbaCco, -The reaﬁlts of the.various stﬁdies made on ﬁhe
' cﬁromosome‘number in the animal dancef are,essentially'in accord. It was
pointed but (41 ) that while the chromosome number in‘ﬁhe ahiﬁalicancer
 tissge,,includiné man, occufs generally in multiplesiof the known haploid
~number,;there are variations from this,

Crown-gall hasygt least dhe vital fundamental -
point in common with cancer, and that lies in thé fact that crown-gall
'isﬁé'ﬁ60p1a5t1c~diééase consiating‘of a 1ocaliied(area_of prolifefating
~cells. Vhile the proliferations are limited beéause the gall ageé, the
boténist'hés the advantage in having an orgahism which; when injected K
info ﬁogt‘plants,produces'local’cel;'growth and‘éiviéion. VCrQWnegall
,représents egseniialiy‘é fundémeﬁtal fiééué and ;due to the simplicity of

‘ifs hoétg,mathhrow,some light on cancer in animals.

1
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 Auxins and Bioss

| | In contrast to Bayliss' definitlon of hormones
‘there are;such growth promoters as Bios and Vitamin B, neceséary in
lower as well as in higher plants. Whlle free movement of these,su%—
stances take place within_the organism it is not sn:esSenfisi part of
_their activity. This is parﬁioularly obvious for unioellslar organisms.

‘While microorgsnisms, cannot? by defihition, therefore,‘haveehormohes,,

"the questlon as to what neme be glven to their growth promoting substances,

remalns in doubt. The term vitamln has the definlte connotation of a
food factor absorbed from the medium, whereas the growth substances are
g“ln some oases~produced=by the orgsnisms;themselves. For thls ‘TEason,
'"Kﬁgl (1955) (?%ﬁ’was 1ed,to‘term Bios a phyfohormone. rAccording to
’:ﬁnile&’s’hosenciature’(IQSB)‘(so%,we should call suoh\substances loeal or
infra;eellular:sctivstors, | &
| The bios-eomplex has been mentioned because it
; wss the flrst‘example of & system of 1nterlock1ng substances each 1n it;
?Qself a limiting factor and yet the action of each of which is 1ncreased ‘
by the presencefof;the other5~(Eag1es Wood Et al) ('*)s In 1936 (&x)

Kogl and Tonnis isOisted from chinese duck ‘eges a substance they termed

Bios 2 (nBiotinn),‘ Like auxin biotin is active at very high dilutidns; .

I part in 4 x 10” of solution. having a deteotable effect however in.-
fterms of the welght of the organlsm affected 1ts act1v1ty is not as hlgh
assasx1n.‘l

BoOt;formafion‘ih Pisum<prov1des a particularly
good exaﬁple of a system of llmltlng factors in hlgher plants, thelr

being at least 5] substances known whose acgion 1nterlocks. These 3 fact-

tors sugar, auxln and b;otin»sre sll~ava;lsb1e in the pure~state, and




70
hence their interlocking action is easily studied. Each factor might
reach a concentration at which it is no longer limiting, and at this
concentration root formation might be increased by adding the next factor,
the increase being proportional to the amount added. The activity of
any one factor alone is zero, the action’of sugaer alone being ascribable
to the presence of small amounts of auxin in the plent. We have then a
'completekparallel to the interaction of Bios 1, 2, and 3 on yeast growth
or to the interaction of enzymes and co-enzymes. Such interlocking systems
of iimiting factors we beleive are widely distributéd in nature and
probably will be encountered in any process which is sufficiently
analyzed (7a¥). Grace (23) gives evidence that euxins stimulate yeast and
suggests it might have industrial importance also in this respect.  This
seems #o conflict with the opinion of Went { 1937 "Phytohormones" P: 238)

that "there is no evidence that auxins have any action on fungi."



71

Rooting Cuttings.

Before roots can grow on a cuttlng the cambium
1ayer must be stlmulated in order that oallus1ng over of the
kout surfaee mlght take place. In some spe01es 8 wound hor-
mone or sSome substance seems to concentrate at the cut surface
and 1ncrease the act1v1ty of the cambium layer to this end.
Some specles do not seem to take root from their cuttlngs
very readlly. Pos51bly they have been more sens1t1ve to the
1njury and 1ts ramlflcatlons or the wound hormone if such |

' an agent ex1sts does not concentrate at that p01nt or if

it does is not abld to stimulate the actlflty of the cambium

klayer. It seems that some factor necessary to stlmulate the
| camblum cell lelSlon is lacklng, however because when thls

1s artlflclally anplledrln many specles, exten51ve callus1ng

takes place which is soon followed by rootlng. Some SpGGlGS‘-

‘e’bleed thelr sap -8 great deal when cut for thls reason they
;should be ecut dlametrlcally 1n order to keeD the Wound and
’loss of sap at & minimum, B '

NUmerous attempts largely unsuccessful have
‘ been’made to correlate root formatlon or root growth w1th

nntritlve factors, especlally W1th the carbohydrate nltrogen’

 ratio h:u} - However, it was emphasrzed by MacCallum (sa)

i
y

g that nutrlent condltlons are not the prlnclpal factors govern-f \

1ng root formatlon. Curtls (/g) found that permanganate pro-
: motes the rootlng of cuttlngs whlle 1norganlc nutrlent
solutlons have no effet. Zlmmerman (76) and Graham.(ﬂﬁ)

thave shown that oxygen is necessary.‘ Treatment W1th carbon
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monoxide ethylene and other unsaturated gases stimulates
root--format1on‘:9 UZX)* The most 1mportant factors accordlng
= - to mmhwnlz+)are.
(1) time of year at which the cuttings
are taken, which differs for dlff—
| erent plants‘
(2) temperature relatlons of the cuttlng

13) ample waterlng w1thout~1nterference
withgeration, ‘ J

«They found that 1f these factors were con51dered practically
any plant can be 1nduoed to glve 90% rootlng from stem or
leaf cuttings. \

| Loeb in 1917 suggested that root formatlon

‘kln Bryophyllum is controlled by & speclal root formlng sub-‘
stance or hormone. About thls substance he made ‘some state-
‘kments whlch in- 11ght of our present knowledge seem qulte re-
,,markable. He said "In Bryophyllum the hypothetlcal geotroplc‘
ooohormone is assoclated (or 1dentical) W1th ‘the root forming
‘hormone. Further these 1nh1b1tory substances may be 1dentlcal
‘Wlth or may acoompany the root formlng hormones.

In many cases it has been shown that the
presence of buds and‘leaves promotes root formatlon° Bemoval
of buds and leaves stops roob formation almost completely,
espe01a11y 1n the spe01es w1thout root germs (root nodule |
~bacterla) Van der Lek assumes that the developlng bud

g‘forms ene or more hormones Whlch are transported downward n
through the phloem.\ Van der Lek also found that in dormant
'populus cuttlngs taken in December or in January, the buds

3 ’no 1onger promote root development or even sllghtly 1nh1b1t

it, but in the course of the next two months thelr favorable”
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: influence returns. From a great number of experlments

;workers to-day belleve that rcot fonnatlon in most cases is
_‘due to a thermostable hormone, not 1tself e nutrient and
nproduced by 1eaves in the llght. It is furthermore stored
rup in cotyledons and buds, and 1ts transport is bas1petally
polar, ; |
; In 1955 Kogl tried auxin b and later 1ndole 3=
'acetlc acld and found them to stlmulate rootlng. Many hetero-
”'aux1ns derlvatlves were them trled and they Were “found to be
| rsuccessful 1n,promct1ng roots on cut ends. There,;s good
k'reason tokbelieue that the nodules broﬁuced by root nodule -
:’bacteria'are a result of the~stimulation of‘the oamb ium by
1ndole-5-acetlc acld produced by those organlsms. It‘Was
fthese prellmlnary thecrles and experlmental results whlch
led t0’the appearlng on the markst of several very commerclable
synthetlc substances encouraglng rootlng of cuttlngs, Examples
of two of these under their trade names are Hormaéln/A and ‘
Auxilene.‘ It is believed they are all derlvatlves of 1nd01e 5-

acetic acld.

Other leltlng Factors Necessary for the Productlon of Boots.
A, Garyohydrate applled at the base is necessary '
ffor root prcductlon by an etlolated cuttlng (7ay)s The kind
, of sugar used seems to- be very 1mportant.x Sucrose'and‘fructose'
: give larger numbers of roots than dextrose under comparable ,e
‘,condltlons. These sugars also affect the length of the root

- producea in the same manner.

There are other substances whlch are llke the




, 2 74 '
sugars in: that they must be applled to cuttlngs from the

base but are unlike the sugars in that the amounts of them
necessary to 1nfluenee root formation are extremely small.
In thrs case I refer to blOS. Its functlon as a limltlng
faetor has been mentloned prev1ously in thls d1scuss1on. To

' produoe a v1sible root at least three processes must take

- plaoe in sucoession. redifferentlatlon of perieyole cells
into root 1n1tia1s formatlon of root primordlum by these
‘initialfcells end the outgrowth of the root prlmordium.:
From & standpoint of morphogenetlcs the first two processes
are tne mos?t 1mportant,phys1ologically speaklng they can be
regarded,as one process. ;There several reasons for thlnkrng
that 11;",15‘ this process Whieh is influenced by the kfaeﬂtors",‘ !
‘disedssed above.k FirSt‘the length of the roots is not material-
1y 1nfluenoed by the treatment except bvasugar(Went) 02?);"
Secondly examlnatlon of pea stems has not revealed any V

‘f'appre01able number of root prlmordia, lhlrdly we know that ,

-~ the dlrect effeect of auxrn on roots is Ho 1nh1b1t their

grthh ih”length.o‘Fdrthermore ‘the totalrlength of roots

formed per cuttlng is more or less constant so'that'the more
~roots ar formed the shorter they are. Thls 1ndleates that
:the outgrowth of the roots is not 1nfluenoed by uhe auxin
treatment but by an 1nternal factor whlch may become dis~
' tributed over & large number of root prlmordla.' ka
7 There is, however apparently another faotor‘”'
‘:of qulte dlfferent type whlch apparently also takes part 1n
the flrst stsges of root formetion. If a pea. cuttlng is

v lelded 1nto a number of sectlons and eacn is placed in a
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sugar solution and treated with high concentrations of auxin
(in lanoline paste form) then the sum of the number of
root pr;mordia formed is about the same as if the intact cut-
ting were so treated. The total number of primordia is thus
nearly constant and must therefofe be determined by an in-
ternal factor obther than the auxin which factor only becomes
limiting When auxin is in excess., The distribution of this
factor inside the plant can be determined from the dis-
tribution of the pidmordis on the dissected cuttings; the bulk
of the primordia.are on those sections some disbtance from the
apex which therefore contained the most of this factor. How-
ever when auxin was applied to the intact cutting, 30 primordia
were formed abt the top, but when applied to the uppermost, one-
elghth of a cutting only about 7 were formed at the top. The
aux1n may therefore mebilize some of the other factor from
the lower parts of the cutting. This suggests that an import-
anﬁ function of the auxin is to’control the movement of this
“factor.

Except when applied in very high concentrations
(,00002 grams per éc,)lauxin must be applied at the apex to
induce root‘fbrmation at the base. The commercial preparations
and indene- acetlc and cumaryl acetlc acids whose transport
from apex to base is limited give better results of course
when applled at the base. |

It will be seer from all this discuision that
in the compléx process of root formation several factors are

involved. These include auxin, carbohydrates, a group of
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| ether'substances such ae biotin, and the internalﬂfactor’dﬁscuseed above.
Very little.is known of this fector save that auxin s’e‘e‘mys to control its -
: dietribution. Much further study will be needed to elucidate thelr

\interactions. (Z&ﬂ

i

k;qume:ciait@gpiieatipﬁs;

; N ” Cooper, using hetroauxln in 1anoline in 1955
"probably d1d the first work on rootlng of . cuttings of commercially
~important plants. In 1936 Hitehcock and Zlmmerman used heteroauxin 1n‘

, hlgh concentration and made up a large list of plants eommerclally feasible

' ,1nfthis respect,‘ This list has been extended by the private reports bf

a number of'hortlculturist85f In general the hlghest non-toxic concentrat—

,1on of - 1ndole-acetlc acld dissolved in water will give the best results.

' Ths$ concentratlon varles for dlfferent plants and is 1owest for green

: cuttlngSa ;A treatment with 0.2 ng. per cc.-for 12 to 24 hours can be
erecommended but before large-scale applicatlons are made, eabh specieé

Mtox1c llmit should be found out by experiment. Indole butyrlc and nap-.

'thalene-acetlc acide are also effeéective. For treatment by the,lanoline

"method ereoncenthtien~of‘ebout:i mg; of indolek-z- aeetic‘acid per

gram of'ianoline is satisféctory; With many horticullurists in Holland

"and Scotland the practice of puttlng a germlnatlng wheat seed into the

faplcal spllt end of the cutting has been practlced.v Mbreover in~non~;

deciduous plante, leafy cuttlngs are generally used; pfbbably;because'hoi
ltaukin‘is‘storéa in their Steme.- In’deciduoue plantS‘leafless'cuttings
are used or the leaves are half cllpped because of the difficulty with

ijater supply to the leaf, but here the bud acts as an oxygen supply. o

SR

%For example Hitchcock and Zlmmerman found that leaflees cuttlngs of the i

fdeciduous Ilex verticlllata woald root but those of the evergreen varletlee
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failed to root.

The success of layering prbbebly~depends on the
retarding influence on auxin transport'exerted by high humidities, to-

gether~withfthe~geothopic accumulation of auxin on the lower side of the

' stﬁm; "Rooting takes place usually atrnodesfprdbably because there the

2.

- transport of auxin iS'interfered with. For,this reasoﬁ'the cuttings ere

mede at nodes in most cases. The practice of tying tigbt wires around

branches or cuttlng cortex during growth is probably another example of

T early hortlcultural practlces desigmed thtingly or otherwise, to affect ‘

kthe production and movement of auxin.

The optimum time of year to take cuttlngs varlesf

- among dlfferent planta (1%) and depends upon 2 number af factors such as

water supply~and‘ease,of,wilting,‘auxin production,storage, endedestruc—‘

‘tionm. bﬁzd Many'cuttings fail‘to root when treatedfwithfauxin. This is

p0351bly due to many causes, one of which mlght be that, not auxin but B

‘tone of the other necessary materials mentloned in.our 1nterlock1ng System"”'
cf 1imiting factors iS'missing. nAnother cause might be the lOSS«Of the~
7app11ed auxin or other factors by exudatlon from the cut surface,,cuttlngs

-,whlch root w1th difficulty are found to be those from whlch much. exudation

i takes place.f Lastly the 1nact1vat10n of aux1n at the cut surface, by

o cx1dative enzymes set free in woundlng, mlght take place.

'JSuggested Improvements on Treatment of Cuttlngs.

Treatment of cuttlngs by & dustlng treatment showed

ia superierity?over‘the solutinn treatment. In many cases it was‘found

'~more effective and in cases 1n which 1t was no better in 1ts results than

the solution treatment. Its 31mplicity and coavienlence recommend 1t for
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}'practice. The hormone is 1ncorporated in some absorbent dust. For éx~
ample 2 .5 = 25 parts of hormone. per mllllon of talc dust. Bunches of’
‘ cuttings are dlpped into the dust and the excess ia ahaken off.-»Further
experlments may prove that the solution treatment might be more suitable for
‘ ::certain species or conditions whlle “the dustlng treatment would be more‘
gdaptable'to others. e

Immer91ng the base of partly wilted 1ettuce plants
and .eut. flowers in appropriate concentrations causes these to regain thelr
turgor and freshness in-a remarkable way. The‘llfe‘of certaln gut flowers,'
mayfbefprolongedstndole —Béfacetic acid, itb butyric and prtpionic
homologues, naphthyl—acetic acid and thelr salts and mixturea gave similar‘

‘ results.;
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- The Nature of"the'luXianoinnr

7 Anxmns brlng about a number of different responses
Lin plants and‘seem‘to influence a 1arge number of processes, both normal
and pathologlcalr Some of these responces are; specifically. growth by
cell elongation, the - formation of r00%9; the 1nhibiticn of buds, the activ-,
atlon of the camb1um, 1nh1bition of‘root growth certaln growth phenomena
“1nvolving cell enlargement and cell div1sion together, a stimulating action
on yeast cells and possibly some unknown eflect on anlmal tlssue. The
literaturs shows that a number of different substances can brlng about the
same growth responee. Went malntains that any one of the active substances
can bring about all these different responses. bua4 Its actiV1ty may some~
times be concealed, as in those substances which cause no Avena curvature,
but it may be demonstrated by special experiments. Nhny of the apparently |
dlfferent effects may be traced to different types of cell enlargement but
others, such as root formation are ‘more complex. |
| . All this raises the questlon of the mechanism of
’these affects; There are two possibilities which may be con51dered (1 ) 
the.aux1ns brlng about some mast-reaction sithln the cell the results of
which w111 be determined by ‘the presence and amount of other factors r
("condition of the cell"), and by the conditlcns ‘of the experiment; or (2 )
3 the auxins are stimulating substances possibly acting on the enzymes in’
S some way to set free the energy stored up in llving protoplasm.‘ According
| H0" Fithv(l956) (2#) "stimulus—substances" are those subetances which exert

thelr phy81ologlcal action through the 1ntervention of the 11v1ng substance,

ie. whose first p01nt of attack is the 11v1ng plasma.~ In the typlcal
physiological action ‘then should appear all the characteristlcs of StIM?

ulatlons, eg. latent time, presentation tlme, threshold concentration,k
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exitation of the protoplasm,~anti—reaction‘and recovery,“etc; (Bayliss)

~(/3 ) However Went showed that the responces of plants to auxin are not

“typlcal stlmulus responses and he also shows that the relation between

- - auxins. and growth has nothlng in common with stdmulation ( Went) bnzﬂ

1nasmuch as & given amount of auxin produces 8 given amount of growth, i
fthe eurve of auxin applled against growth pasees d1rectly through the
orlgln, therefore there is no ev1dence for a threshold in the response of
‘young Avena cole0pt11es to auxin. The st01chrometric relatlons of a number
dof substances, in the pea test show thata number of substances approach
c the same value per molecule. This together with the linear proportionallty
:gust mentioned means that the auxins enter 1nto & definite stoichlometric
reaction with some constituent of the cell. The concept of stimulue and all>
.that 1t 1mp11es, has therefore no. useful bearlng on guxin problems.~

| | There remains the other p0351bility previously
, menﬁioned that af a master-reaction. According to this v1ew auxin acts by
: taklng part 1n some reactlon in the cell, from which ‘& chain of reactions
‘ lead to the observed response. ”he type of response then depends on the oth»
o factors both internal and external influencing the reactlon chain (Thlmman'
1955) 06?) As prev1ously mentloned growth is controlled not only by

;Aauxln but also by enother factor or group of factors, the most rapldly

b ~growing zone is that in which both are present in 0ptiona1 concentrations° -

The auxin in the extreme t1p -of the coleoptile cannot cause growth because.

‘ kthe others factors are llmitlng. _The auxin at the extreme bsse of, the

'coleoptile cannot cause growth because the cella can no longer r65pond to‘

y

Cit. Boot formation furnishes a still more striking example. Here, ‘the
-formation of roots is dependent upon the cooperation of a number of factors.

"fThe concentration of auxin determines not only the number of roots formed
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i but also thefcellskﬁhich wiii form thems In general the respohse in,'
organ formatiOn‘is localized. To explain this locallzation of the action r‘
: Went (1956) (77 } has suggested that 1n addltlon to its master-reaction :
eeffect auxin acts by affecting the transport of the other factors, 80
that they become accumulated at the point of hlghest auxin concentration.
‘Howevcr this may be, ‘when the influence of the other factors is taken
'Tlnto account, the epparently mysterious action of the auxins in bringingv
‘about s0 many reeponeeefnorlonger,eeems 50 ooecureQ it is true rhat
" the nature”of the fohdamental maeter-reaction is no£ known, But we believe
at the present rate of progress in thls field the solution of this perplex-
: 1ng problem w111 goon be complete°
Another p0981b1e field of attack might be the
‘affect of euxin on the permeabllity of the cell wall directly or on some
fother eubstancefwhlch affects the permeability~of the»cell wall.. If it
cou1d~be'eh0wn‘thet auxing meke the rail more permeable it right be'coné k
"cluded they improve the- condltlons for the transportatlon of substances
‘necessary to growth, and thus in thls wey play their part in stlmulatlng
~growth It_seems,that~thls.d1recﬁion of attack’eould be more llkely to
ks acﬁount‘for‘fherreasoﬁ so¥many substances bring“about‘the phyeiOIOgical
‘f,effects which,mark‘aoxihs;/ It has been known for some time that plent
"'tis‘sué‘s'contain et‘hyiene ~(,la~) It was prev:.ously stated that e'bhylene w111
r not brlng about auxln effects w1thout the presence of auxlns. By 1ncrea51ng
the ethylene supply in our seed pre-treatment we recorded a marked o
, st1mu;at1on in growth,' Is it p0851b1e that previous to this- ethylene‘
'ras‘one/of the‘limitrgg factors. ,Heyn ettal’in 1936 (27) has ehown;that
" auxin increases the plastioity of 'the*" cell wall. Just what $his relation‘ ‘
between thie and permeablllty 1s mlght be hard to say. FrOmrcalculations

~iof molecuéar concentrations 1t has been shown (went 1937) Olh# that
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there is not nearly enough auxin #o form even a monomolécular film over
the surface of the new cell wall which it produces by which it might
directly affect permeability; thus auxin acts in some indirect way. 1%
was mentioned earlier (13) that wilting,cut flowers are stimulated by
putting auxin ié the water in which their cut ends are immersed. It is
~very likely that this is an indication fo auxin's ability to affect the

- permeability of cell walls.
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, CONCLUSION

BN Self-inact1vat1on does not take place as completely‘when the auxin a
is. in a relatlvely impure dllute state, Just whlch factor was more im-

;portant in preventlng self-inactlvation, éilution, or gome substance

present in the impurit;es is'unknown,, To raise the ?ﬂ‘and conver’d the
aurin & to its sodiﬁm salt and keep the solution in a dilute condition

z%ould'poSsibly serve as a means of retaining the aotive factéf over a long

period of time.

; 2. There are many substances natural and synthetlc which br1ng about ceil
%elongatlon to varying degrees and are therefore termed auxins. Itﬁls
"suggested the word auxins be reserved for apbstances of this nature that‘
‘ ~occur. naturally in the plant kingdomoy o ’ | | |
55; EMny ways have been dev1sed for determining the ablllty with which a
‘substance promotes cellveipngatlon, however the Went test'technlque of
©coleoptile cﬁrvature is‘still‘the most,ﬁopﬁlaf and generally'used inasmuch
"as such.affepts askresidﬁaljgrQWth,kzero reading, etcs are obﬁiated.‘ A
~»éaiiatipn30f’the Went test techﬁiqﬁe is suggested and itS'edvahteéés‘

ienumeratéd.

e4;jThe*auxins are_apparentlyfnot germinatiop hormones‘althbugh they are
Hfbuﬁditofaffect the eubsequept'development‘of,ceftain organs as well as the
yield from reproductive”parfs}"There‘is'GVidenCe'that auxin and ethylene

may sugment one another.

‘~;5; A pre-cursor, possibly the auxin ester, is~be1eiVedmfo be provided'in
- the énddSperm. During early growth thls is assumed to travel towarés the
Vfapex where 1t is converted into active auxin whlch then mlgrates basally

k ito brlng about: growth 1n terms of cell elongatlon. Just when or how’lt
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plays its part in the 1nit1at10n and subsequent development of roots is
still a quest10n.~ When the aulln pre—cursor is used up in the endosperm
then 1ts production or that of pure auxin takes place in the apex in the
presenoe of llght. A germination hormone g belelved to ex1st however anc
it has been called "blastanin"? It is belelved that its mlgration from the
‘endosperm to the embryo takes place during vernalizatlon and is there in
a positlon to affect subsequent growth, Its affect seems to be modlfied by

the presence of ascorbic acld.

.64 Accordlng %0 Grace (1937) auxinsg promote the actlvity of yeast. This

«in contrary o op1nions prlor to her work.

‘k7; Emideﬁcelis presented~to‘show that‘aﬁxinSm will brihg about “tumors
not'only'on,plent tissues but onfanimal tissue. The~éimularities and
dlfferences of the two are- discuseed. Parallels and differences are also

drawn ‘between plent and anlmal hormones.k
8. Some work was done on the rooting of Cuttings from & number of‘specie55“

9. Just why auxin promotee stem elocgatloc and inhibits that of roots is
‘unknowna W. T Robb1ns,y1957 (77) however flnds that the exten31bllity
of cell walls from stems are - 1ncreased but that of roots are decreased
'whenftreated with B—lndoleeecetlc. ‘This may partially explaih chy the
“_hocmone;increeees gicwtﬁ~bf_stems butjinhibite'tyatiof icofse ‘lhe stem

 walls are appareriﬁ}*ﬁh&éically,ana chemically differé:i{i from #Bot walls,

10. To date the belelf is that auyln brlngs about some master reaction‘,"

‘“”1ng substances.: Auxin- 15 one
~ oroa group of 11m1t1ng factors worklng tegether to brlng about the develop—

ment of the mature plant.
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