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INFLUENCE OF AUXINS ON THE PRODUCI-ION OF 
ERGOT ALKALOIDS IN SAPROPHYTIC CULTURES 
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Laboratory of Pharrnak~gnosy, Department of Botany, University of Grcifswald, Grcifswald, GDR 

(Recekcf 10 August 1964) 

NJIARLY all strains of ergot (Cluviceps purpureu (Fries) Tulasne) are capable of producing 
alkaloids when grown on rye, but only a few biochemical races are able to produce these 
compounds also under saprophytic conditions. The reasons of this behaviour are still 
U&lOWfL 

The indole character of ergot alkaloids led us to the i&a that either auxins of the host 
plant or similar substances originating from tryptophan metabolism of the fungus may play a 
role in the biosynthesis of these alkaloids. The fact that &14Clabelled tryptophan is incor- 
porated in ergot alkaloids is well known,’ but we have only little information about reaction 
sequence of biosynthesis. Our observation2 that indolyl-3-acetic acid (IAA) enhances 
alkaloid production and the finding of Yamano et ~1.~ that ergot strains are able to convert 
tryptophan to IAA and indolyl-34sopropionic acid should be mentioned in this connexion. 
To clear up this problem we fed various compounds known to influence growth of higher 
plants to ergot in submerged culture. 

We carried out the experiments utilizing 7-day-old cultures of strain SD 58 of Claviceps 
purpureu which produces clavine-type alkaloids in saprophytic culture, and used the replace- 
ment technique. The substances to be tested were dissolved in phosphate buffer, pH 5.9, 
and after addition, the flasks were placed for 3 days at 25” on a reciprocal shaker. Alkaloids 
were estimated after extraction from the basified replacement medium with chloroform, 
and retransfer to tartaric acid solution, by van Urk reaction. IAA, indolyl-fbutyric acid 
(IBA) and indolyl-3-propionic acid (IPA) were determined after extraction from the medium 
at pH 3 with peroxide-free ether with Salkowski’s reagent according to Gordon and Paleg. 
Tryptophan in the medium and the actively taken up tryptophan extracted with boiling 
water from the washed mycclium was estimated enzymatically by the use of tryptophanase 
as indolee5 The protein-bound tryptophan was determined after extraction of soluble 
compounds from the mycelium with 80 % ethanol by the method of Spiess and Chambers6 
For details see previous publications.2* 7* * 

Table 1 shows that addition of IAA, IBA, IPA, 2,4_dichlorphenoxyactic acid (2,4-D) 
and l-naphthaleneacetic acid (NAA) at levels of 060 mM increases the yield of alkaloids 
signific.andy. The effect of these additives is smaller under conditions of higher alkaloid 
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production in the control. In the presence of IBA, IPA and NAA in higher concentrations 
(3 mM) no alkaloid is produced M hereas with IAA an enhanced effect is found. The effect 

of low IAA concentrations is enhanced by the addition of Co --ions. (In higher plants Co i 

increases the growth-promoting effect of IAA. r)s I”) Coumurin. a plant growth inhibitor. 

supresses IAA effect. 

TABLL I. EFFECT 0~ I’LA\‘I (,KO\VTH-PK(,~~OTIN(, st BS~~~CLS oh rtlc ~1~1.1) 01 11hA1011~S 

l3> ER(rUT 

MA. IBA, IPA 
metabolized 

Alkaloid\ produwti 
___---*___ _. 

(mg/lOO mg @g’IOO nig 
C~xxentriitionu mycclinl dry mycchal dry I nc‘rcae 

(mhll wght) wecght) II 

Control 30 
IAh O%O I 39 (loo”,.) 10-t -l-If> 
co ’ O-16 __. 70 133 
I4A+Co’ 060 to.16 1.39 (loo”,,) 249 730 
IPA 060 0075 (9” ) 26 651 
IBA 0.U) 0.96 (57”::) 62 107 
1.4-D tM0 30 20 
U.IZA oa) ‘XI 2X) 
IA,\ 30 6.36 (87”,,) 502 1573 
IAA+Co 3 0 1_ 0. I 6 5aO (68 I’,,) US I 18.1 
IA.4 + NAA 3.0-t 0.60 5.06 (69”,,) 451 I102 
IAA + coumarm 1 0 t 0 60 5.52 (75”,.J (12 107 

2.4-D 3.0 370 III1 
_-__-.-.- _.-. -- ------- -.. --- - 

IAA is rapidly metabolized. The dcgradntion of IBA i\ sipniticant \\ hrrcah that of IPI\ 

IS within the limits of crrw. Addition of NAA. coumarin or Co -ions dccrca\c\ I.A:I 

destruction. 
The rc\piration of the mycclium is stimulated by the lo\\cr conccntration~ (040 mM) 

of auxin4. but inhthitcd by the higher (34 mM). IAA IS ~111 clccption. il cnlu~c~ rn>gcn 

trptnhc in both conccntrutions. much more in the higher. 

It has been found that suhstancch influencing tryptophon mctaboh\m have a grcnt clIix~ 

on the production ofergot ulhaloids. Most compounds Inhibitingactivc uptake oftryptophun 
dccrcuse alkaloid biosynthe&. substances promoting active uptahc cnlx~~ux yxld of alha- 

loids. The uptake of tryptophan was measured by the Iryptophun c\trxtublc flonl fhc 

myceiium at the end of the experiment. 
7ablc 2 \ho\\s the intluencz of auxins on some steps of trypt0ph.m mctubolihm. It is 

evident that IAA. IBA. IPA and NAA diminish the amount of tryptophnn extractable 

from the mycelium and the amount subsequently metabolized. It I:, thercforc improbnblc 
that they act as promotors of active uptake of tryptoph;ln. 2.4-D. ho\\,c\cr. secms to hc an 
exception. 

The degradation of tryptophan evidently follows t\\,o p:lth\vay\: OIIC via nnthranillc 
acid. and the second via IAA. The formation of IAA dots not invol\,c tryptaminc ;I\ ;ln 

intermcdintc. since feeding tryptuminc did not yield any tract of IAA. It 4xluld bc mcmloncd 
that m control experiment\ IW IAA \vas formed also \\ithout fading tryptophan. 

a K. V. THIM \v, ._(ww. 1. Rot. 53. 241 (I 956). 
lo 11. BORRW and G. HEMPFL, In preparation. 
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Tmta2 EFFECT~F~LANT~~~~~E-FR~- SUBSMNCF3 ON TRYPDXHAM MEMBOUSM 

MERom 

AdditlVCP 

control 
+IAA 
+IAA 
+IBA 
+IPA 
+NAA 
+24-D 

-producad 
, 

Atlthlanik 
Alkaloids acid 

:: 113 106 
z 106 72 

z: 102 137 
223 117 

IAA 

458 
566 

2360 

- 
342 
567 

Tryptophan ’ 
, -i 

Mdabo- 
Stored linxl 

1810 6100 
1680 5860 
1240 5300 
1040 4830 
1125 4140 
1140 4aM 
1920 6280 

l L-Tryptophsn (3mh9 was present in each -. 

Some other strains which were not able to produce alkaloids in submerged culture have 
little or no ability to take up tryptophan actively or to metabolixe it. ‘Iv * In these cases after 
feeding tryptophan no IAA was found, neither was given IAA metabolized. 

Though no organic compounds besides the substances being tested were added to the 
samples, protein-bound tryptophan could not be the only source of indole skeleton of the 
alkaloids, because when both IAA and 2,4-D were fed the amounts of alkaloids produced 
during the experiment were greater than the loss of bound tryptophan (see Table 3). 

,umolc3/loO mg mycclial dry weight 

tratiom Atthe Lossat& 
AdditiV8 CmM) Alkaloids b@min8 3dw 

control 
IAA 
EYb 

OZJ 
39 
3-o 

012 
066 
201 
l-48 

2.87 
2.87 
2-87 
2.87 

062 
092 
0.85 
O-47 

l Stored = Oinaichawe. 

The inteqretation of the foregoing results is difhcult. It seems possible that IAA serves 
as a precursor of the ergot alkaloids. Incorporation in the ergolin-ring system via indolyl- 
Zacetamid is not improbable. The other substances may act synergistic, preventing loss of 
IAA via oxidation. But it is likewise possible that the effect of the auxins is an indirect one, 
resulting from stimulation or inhibition of metabolic processes connected with alkaloid 
biosynthesis. It may be that the promoting effect of tryptophan on alkaloid production is, 
in reality, an effect of IAA. 

Ac&nowMgema~s-I wish to thank Prof. H. Borris and Prof. IC. Mothw for valuable advice. 
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