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The assay method til-scrihed by Wt:�T in the preceding paper affords 
the possihility of invcsti!Flting the (h�mical nltllr� of the root forming 
hormone. rhizocaline. For such experiments the (irst essential is to find 
;' !-load source of the substance. In thl.' e�perimcllts of BUL ·ll.I.E�NE and 
WIlli,. (1933) it was found that an eXfract of rke polishings had con

sidt'rablc activity. When starting experiments on the che-mica) natur� of 
rhi;m:alinc. howe-\·er. lIsing the above method of a�say. <l number of other 
prcpolr;Hiol1S were tested anu some richer sourCt:s than the rice polishing 
extract were found. The root forming hormone appears to be fairly widely 
distrihuted in nature; some of our determinations on various products are 

listed in Table I. in which the activity in rhi�ocaline and in auxin may 

TABLE I. 
Root producill.g rind growth promoting acllvities of various products. 

Activities rxprcsltd per mg of fresh weight or solution. 

Product 

Rice polishing!. water extract • 

Urine at different times of day . 

Wheat germ oil. extracted with KHeO] 

"Galen B" . . . . . 

Pollen of Acer Neg undo • • 

.. Hlcoria cordiformis 

.. Ph alar!. minor . . 

.. Sequoia sempervirens !l93i) 

.. }uniperus. • 

" Quercus alba. 

Leaves of Hehanthus ilnnuus. • 

.. Prunus taurocerasus. 

Leaves of Malva. • • . • . 

Etiolated Pisum buds and shoots • • 

. . 1 
 

I 
I , . . 

Activity 
RU/mg 

0.7-.3.0 

0.036 

l.l 

o 

2.S 

2.5 

9 

bO 

0.02 

O.Oi 

0.1 

D 

 Activity 
GS!mg 

0.25, O.S t 
0.5 I 
0.035 

2.7 

20 

65 

O.i 

0.5 

0.5 

OJ 

0 

0 

0.1 

0.0\ 

Activity Rallo 
RUIGS 

2-i 

2- 6 

0 

a.Oot 

2.5 

S 

18 

85 

00 

00 
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t-I.' ' I 1/J1iJ.lfl'd. In �l'n("rill those pr('para!ions a(lln' in jndll(in� rnottorllhlfjon 
.Ir.· ,'/:-11 .Idl\'o' III pronll\lIn� (dl \.'Jnll gil ritlll. Th� ��\Jr(h \\,.1:; f\lrth..:r 
�hon(,l1l',1 Iw Ih� dl!'(o\\'ry ,h.l: III Pilfll\:ul,lr !hl: PMtiillly punfi�d (':\tr,lct 

llf �mw'h �\l�S,.lIl1.'\.' (,I\I\in) (lhr;lilh:d fnllll J<lJi:\'p/l.� .�lIifill,' �Llhlln: 
Jlll'dllllll. ,lIId .1I11th,'r l'\Ir,I\;! pr('pilrt:u In' Prof. Klinl. frum UrIlle were 

JI\�hl.,. •• (ml.'. FrLt:ll the Ilh'rhod hy wh:dl !hc�c pn:pM,ltIOI1S wcre obtained 
it ",.I!' dCdr tlhlt tht: ro(ltf"rll\ln� hormone mllst Ol!. like au\in (.ILlWIlOlk 
,\\:II.!) ,In urg,lOic add. ExpcrunL'J1rs "'L'fl' thcrdllrc \.:;Irried out to determine 
wh,·thcr the pwpcrrics of th� f\\·l.' hllnm\nl's \\'L'rc �i:n.J .. r or nllt. 

The IIIl1!'t d.trill·rcrlstic property of the auxins is the case with whICh 
they arc Hl.lcti\\lted hy ll\iJi:;ing "gellts. the d\luhlc hond of thl: mLltccule 
being very �\Isc�ptible h) <Itlilck. A series of oxidations \\'ilS c\1rri�d Ollr 

with th� urine pl'Cpcmltilln mentil\llcd lIbo\·c. ,tnd I'dcrrcd fO in chis and 
rhl' pren'dll19 p4lpcr ;loS KV. T"olc II shows that rhi:ol'a!inc is in,lI.:ti\, .. lted 

TABLE II. 

InactlViitlOn of Rhi;:ocahne b�' :\mall amounts of oxidisJn\l "grntS. 

Treatment ActIvity In orlllinal Activit)' after oxidatIOn 
solutioD RU. rc ;<JOJ RU cc X 103 

H202 2 X 10-1 moIs per Ing IS,S 2.2 

H202 9 X 10 ,1 mols per mg 8 8 

11 1 X 10-1 reols per mg & 0.0 

KMIlOf 3 X 10� reol, ptr reg 8 0.0 

Bz10Z ca. 10-1 mols per mg II 7 

hy H:!O::. KMnO� in neutral solution. and iodine, but not by bemoyl 
peroxide (also not by H;!O:! in one experiment) under the conditions 
used here. Rhizocalinc is therefore probably an unsaturated acid. Treat
ml:l1t with hydroxylamine gave no loss of activity. 

Experiments to determine the dissociation constant of the acid by 
I:X fl'ilcting with a given solv�nt at different pH (d. DOLI.: and T 11Ii\:\NN, 
1932) have �o far given only approximate results. However. in Table III 
ilfC given results of a series of extractions from buffered solutions. each 
extmction being made J times with H the volume of CHela' It may be: 
seen thut the pH range involved is between 3 and 6. Direct determinations 
indicated 0 partition coefficient between CHCI:J and water of abollt 2. 
and from thj:i figure and the assumption of a pK of 1.5 the percentages of 
the hormolll.' which should be cxtmctcd were calculated. It may be !;ccn 

that the lIgreemcnt is fairly good, and hence a partition coefficient of about 
2 ilnd a log di:;;;ociation const.mt pK -= 1.5 Me approxilllat.:ly �orrcct. 

These properties (Ire similar to those of the auxin fro:lI RJllZOI'LJS (P = 

1.6: pK = 4.75). 
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TABLE III. 

Extr,\ctton of Rhi:ocilhne at ullfrrcnt pH. Three extractlon! I!th half \'olumc: of CHel) 

extract rt�ldut hrought to th� s.1mr final volumr. Calculations for P � 2. pK :: 1.S. 

ACIIVltles found In RU, cc 
pH 

fI.O S.D ".6
- --

1.0 '---i�f _. 

Extract. 0.8 5 8 7 7 

RUidur. 6.D 9 I.-i 0.5 0.0 

ActIVity of extract in 0'0. Il.S 36 85 93 100 

Acti\'lt)' of tllracl Calculall�d 0:0. 9.3 10 , 60 87 100 

One of the last stages in the purification of the auxins is vacuum 

distillation. in which. with the still here used. the bulk of the growth 

promoting activity is found in the fraction distilling at 90-100" L!nd 
0.001 mm Hg. The distribution of rhizocaline in the fractions of one 

distillation was found to be parallel with the distribution of growth sub
stance. the fraction at 90-1000 containing the principal amounts of both. 

Finally the formation of lactone by heating with 1 % He1 in MeOH 
as described by Kom. HAAGEN-SMIT and ERXI.EBEN (1933) waS 

determined for bo th hormones. Under the conditions used. conversion of 
the acid to a neutral compound was 98 �f complete for rhizocaline and 
97% complete for auxenolic acid. 

Extraction of the partially purified syrups with various organic solvents 
also showed a qualitative parallelism in the distribution of the two hormones 
between extract and residue. 

It follows that rhizocaline is an unsaturated organic acid, of about the 
same acid strength and solubilities as the Rhizopus auxin and auxin A. and 
distilling and lactonising (or esterifying) under the same conditions. The 
two hormones are thus closely similar. but not necessarily identical. partic
ularly since the results of Table I show very wide discrepancies in the 
ratio of root units to growth substance units in a given preparation. 

In order to further investigate the relationship we were able. through 
the generosity of Professor KOGL, to test the activity of his three crystalline 
auxins in rootformation. Auxin A had only a low activity. when received, 
for rhizocaline. and was almost inactive for growth substance. The acti
vities of auxin B and heteroauxin. on the other hand, were high; the data 
are listed in Table IV, together with the activities of the stock solution3 of 
KV and the Rhizopus preparation Br. F. It may he seen that though the 
activities are roughly parallel. the value of the fa tio: rhizocaline units per 
mg auxin units per mg is not constant. This points to the possibility that 
the two hormones are not identical but are both present in all these 
preparations. 



Fllrrha t:'\ld,'IH:,' "11 Ihj� 1,,'IIH "',IS "ht.llncd fnllll ,I �l'I'It:S of ,':\ld,lflOIlS 

wilh hnlro!1"ll p�nl\llll.'  of ;I   lllllltl.' sl,llltlnll wIth .s lIlots 

IIi HcO;! 1I1,II:II\',II,,'d .Illxin B. ilS dL·krrl1ln .. ,d on AI'l''''1. Iw .Ihnlll lJO';. 
,lIld Ill'!"1I1.11I\irl I.' "'" thall '-;0';: In l onlf'lrm;ltillll thl" ill<llti\';ltion WilS 

'10 I; ,lI1d 70';. Tn',II!1H'111 with 'W Illol� of II�O:! prlIdm:t:d colllplctt: 
1n.ldl\ .\lI.\l\ �\t h,,'h �lIh�l.lIh:\'S ful' both flln,tl\1\1s. 

TABLE IV. 

Cllll1p.lri�(}n of .. UlllI ,md rllI:uC>lIiOl.' ac!ivlt\' of K,·ll;r.'s crvstalhnr ,lUxln·products. 

t\(II\'lrll:'� In 104 l1nir� mil 

,\ullin A . . . . . . . . • • . . • .  

AUlin B • . .  " " . ' . • .  

H!trrO:luxin • •  • • • • . • . • .  

K V (containing auxin AJ 

Br, F ................ . .  

O.S 

10, 7. 17 

2.6. 2. O. i. 0 
lor 211 

O.S 

11 

2.Q 
11'!.51 

i.9±1.1
\ 

J.b ± 0.1151 

Auxin 

<: 0.01 

B 

2R 

0.9 

1.2 

Rhi:wcahne 

auxin 

> SO 

D.i!l 

0.1 
10.31 

5.5 

3.0 

The inilctivation of the rootforming activity Wa!� thus different in allxin 
B fmm that in heteroauxin. which \\"ould seem to indicate that the root

forming .u:tivity is not due to one subsrance present as impurity in both 
preparations, However, the other alternative. that the root-prodUCing and 
growth-promoting hormones ilre identical. is not supported by the wide 
\·ari'lfioJlS in the ratio of the two activities. In this respect it seems especially 
�jgnificant that in the purification of the auxin the activity in root formation 
is reduced by from 10 to 50 times. It is at ledse safe to conclude tha t the 
2 hnrlllones an� extremely closely related. It is hoped to obtain conclusive 
evidence &\s to their idt:ntity or difference .It a later date. 
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