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In the photoeynthstio baoterlum Rhodoweudomoaas 

eDheroide8, hene has been shown to regulate its own ayntheels 

by exerting a repreeslve a8 well a8 a feed-back oontrol on 

6 -amlnolevulinlo sold eynthetase ( A&A aynthetase), the firat 

enqrme of the heme bioeynthetio pathw8y (Lasoellee, 1960; 

Burnham and Lasoellee, 1963). In Iron deflol8nuy this 

organism aocumulatea porphyrine, ainoe the oontrol on the 

first eneyne is relessed owing to the metal being unavailable 

for ineertion into the porphyrin nuoleua. Many bacteria, 

yeast8 and the olllate Tetrabymena aooumulate porphyrin8 in 

iron defioienoy (Lasoellea, 1964). !Che mold NeUro8DOra 

oraasa do88 not a8oumulate porphyrin8 in Iron defioienoy but 

instead aaoumulatee a eideramine, uhiuh 18 a ayclio trl- 

hydroxamate having a profound binding affinity for iron 

(Padmanaban and Sarna, 1964). Sider8min88 have been widely 

deteoted in fungi (Keller-Sohlerlein et al 1965). m-p The 

findings that z. ora fails to aooumulate pOrphyrin8 in 

iron defioienoy even though heme 8ynthe8i8 i8 8ignifioently 

lowered and that the addition of iron to 811 iron-defioient 
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oulture results in induced eyntheeie of heme euggeet that 

Iron may regulate an enzyme or enzymes of the heme bloeynthetio 

pathway prior to porphyrin formation (Padmanaban et al 1967). - -’ 

The reeults obtained in the present Investigation indloate 

that S-aminolevulinio aoid dehydratase ( ALA dehydratsse), 

the second enzyme of the pathway mey represent a major site 

of regulation of heme biosynthesis in this organism. 

EX.PEFtIME!IT!Bt 

2. ora Rn 5297a (wild) wae grown in stationary 

oultures in 50 ml flaake oontalnlng 10 ml of the basal medium 

under normal and Iron-deflolent aondltione a8 desorlbed by 

Padmanaban and Sanna (1965). After 40 hrs. growth aultable 

addition8 were made and the flask8 were shaken for 2 bra 

(Padmanaban et al 1967). - -9 The myoelia whlah reoeived 

identioal treatment were then pooled and the omde extraot 

prepared uelng potaeaium phosphate buffer (0.05 A!, pH 7.5) 

oontalning 0.01 I cystelne. AU dehydrataae wae too low in 

the orude extract and hence the enqme was oonoentrated by 

preparing the 25 - 40 (H’Ii4)2SO4 fraotion, whioh aooounted for 

all the enqme aotlvitg. The enqme was aeaayed eeaentially 

aooording to the method of Burnhem and Laaoelles (1963). 

The porphobillnogen formed wae estimated ueing perohloria- 

Bhrlloh reagent after arresting the reaation with TCA-Hg 

reagent (Granlok end Iauserall,.W58). Total phrphyrine In 

the myoella and oulture filtrate8 were eetlmated after 

extra&ion rrrlth 8-1 wetat8: auetio atzid (3rl V/V). ‘phe 
porpmrine were extraoted from the ethyl aaetate layer ueing 

lO$ HCl and the optioal density meaeured at the peak of the 

soret band (Kreirer - Birnbaum et al 1965). - -9 The ALA and 
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porphobilinogen oontente of the myoelia were measured in 

lQ$ TCA extracts after oolumn fractionation of theee uomponents 

aooordlng to the prouedure of Urata and Granlok (1963). The 

experiments were repeated at leaet four times and the reaulta 

presented are thoee obtained in a typioal experiment. 

RESULTS AND DISCUSSION 

The data presented in Table 1 indioate that while 

there is no aooumulation of porphyrins in the Iron-defioient 

oultures of I. ora88a9 there ie a significant aooumulation of 

6-amino levullnlo aold. This suggested that ADA debydratase, 

the enzyme aatalyaing the formation of porphoblllnogen from 

S-amino levulinic aoid might be lowered In iron defioienby. 

Table 1. Level8 of hems bioeynthetio intermediates in imn 
defioiency in g. massa 

Condition 
Level of the intermediates 

mu moles/100 mg dry nt 

Porphobilinogen 

Total 
wmhyrin 

BOl3llel 34.0 Nil 14.2 
Iron-defioient 114.7 Nil 13.5 

The same levels of porphyrins in the normal and defioient 

aulturee despite the aooumulation of60aminolevulinio aoid 

In the latter might be due to the fact that further utilitation 

of the porphyrins would al.80 be impaired due to the non- 

availability of the metal. 

From the results presented in Table 2, it ie olear 

that ADA dehydratase level Is low in iron deficlenoy. Addltl on 

of iron at a level of 1 pg/lO ml of medium followed by inoubation 
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Table 2. Effeat of Iron on ALA dehydrataae In 5. oraeea 

40 hrs. old g. craeaa oul.turee were ehaken for 2 hrs. 

after appropriate addition8 were made. The enqme assay 

mixture In a total volume of 2 ml oontalned: ALA- 5 pmoles; 

GG+- 10 pmolee; GSE- 15 umolee; Buffer (pH 7.5) - 25 umolee: 

protein - 5 to 7 mg. After 2 hrs. lnoubatlon at 37O the 

reaction wa8 8tOpped with TCA-Hg reagent and the porphoblllnogen 

formed wae estimated. 

Condition Addition8 to 10 ml medium 
ADA dehydrataae level 

(Porphoblllnogen formed 
mpmolee/mg protein) 

HOW&l a11 
Normal Iron (1 pg) 

Iron (1 pg) + oyclohexlmlde lOllId 
(5 Pd 

Defiolent HI1 
Deflulent Iron 
Defluient Iron 
Deflolent Iron + oyoloheximlde 

2.32 
2.32 
0.96 

0.96 
2.50 
2.53 
0.50 

The sero time ALA dehydrataee levels for the 
nonua3 and Iron-deflolent mycella just before shaking were 
1.74 and 0.58 reepectively. 

of the flaeke with shaking for 2 hr6. reeults in a otriking 

lnoreaee In the dehydratase level. Even in .the abeenoe of 

added Iron there la come inoreaee In the enfiyme level when 

the iron -deflolent cultures are put to rhaklng. Inareased 

aeration rnv elicit thie responee and endogenoue Iron ie 

probably -de available for thie preoeer by Bome unknowm 
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nechaniem. The lnorease in dehydrataae level due to added 

iron ie oompletely blooked by oyoloheximlde, a potent Inhibitor 

of protein synthesis in g. crassa (Pall, 1966). The lnoreaae 

In the enlyme level in normal culturea for the amae period of 

incubation is marginal. Addition of iron to the normal 

cultures has no effect on this process* However, addit ion of 

oyclohexlmide not only blooke the marginal inoreaee but alao 

results in a considerable deoreaqe over the initial level of 

the enzyme. This trend ia also notloeable in the iron- 

deficient oultures but to a leeser degree. It appear0 

possible that the turnover of the enni)rme in normal myoelia 

mey be greater and In the abeenoe of any eyntheala due to the 

preeenoe of oyaloheximide, enzyme breakdown can result in a 

oonsiderable decrease in its level. Neither oyolohexlmide 

nor Iron ha6 any effeot on the enayme aotivity when included 

in the amay mixture in vitro. e- These reeults suggest that 

iron induce8 the eynthesie of ALA dehydrataee when added to 

iron-defioient cultures. 

As a working hypothesis it oan be propoaed that Iron 

aq inaotivate a corepreesor for the enzyme ALA dehydrataae. 

The poeeibillty whethe% protoporphyrln oan funotion ae the 

oorepresaor for this enzyme haa been teeted. It can be 8een 

from Table 2 that protoporphyrin at a level of 1.8 x lOdY 

repressea the ALA dehydratase enzyme by about 6196. Hemin 

at the 8ame level haer very little effeot and at five time8 

thie concentration repressee the enzyme by only 34%. 

Neither protoporphyrin nor hemin hae any effect in vitro. 

It oan thue be explained that when the iron deflolenoy effeots 

8et ln,eVen though iron i8 Unavailable for in8ertiOn into 
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the tefrapyrrole nuoleua at the final step of heme synthesis, 

porphyrins do not acoumulate beoauee protoporphyrin represses 

ALA dehydratase. The Iron status of the myoelium should 

then decide whether protoporphyrln Is available for the 

oorepressor function or is fixed as heme In heme proteins. 

Even in the iron-deficient uultures it osn be seen that when 

the added iron level is inclreased from 1 pg to 10 pg, 

there is a partial oounteraction of the repressive effect due 

to protoporphyrin (Table 2). 

These results are also Striking from the view point 

that A&A dehydratase may represent at least a major site of 

regulation of heme biosynthesis in fungi whioh do not 

aocumulate porphyrins in iron defiolency. This is in aontraet 

to the results obtained in 2. suheroides (Lascelles,'l964) 

and animal systems which also acaumulate porphyrins under 

oonditions of drug induoed porphyria (Granick, 1962). In 

all these systems ALA synthetase has been shown to be the 

regulating ensyme with heme serving the oorepressor funation, 

the other ensymes of the pathwsy being present in non-limiting 

amounts (Lasoelles, 1964; Graniuk, 1966; Wsxman et al 1966). - -' 

ALA was obtained as a gift sample from Dr. S, Grsnidt, 

Thsnks are due to Mr. T.S. Satyanarwaua for teohnioal assistance. 
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