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(ii) 

ABSTRACT . 

The organic nutrition of o. f o.cultatively autotrophic Thioba cillus 

(T. r_iovel~) o.nd an obligo. tely 2utotrophic '£.hj.okcillus
0 

(T. thiopa~) 

were cor1po.red . It ~1, ide r an5e of organic co;;-1pouncls o. s potential growth 

substra tes and as effectors of bTowth we r e t ested in agar plat es a nd in 

liquid culture . The uptake; and r:1G t abolisr.; of' 14c-labelled glucose , 

glutamnt e and a cet a t e was examined in great er detail . 

(i) T. novellus used a wide r o.nbo of or5anic coopounds, including 

ru::ino- r.. cids, sugars, organic c. cids -~nd alcohol s , o.s substrates f or 

het orotrophic br owth. T. thioparus used no or ganic co@pounds a s a sole 

eno r ;;y or Cf: rbon source . 

(ii) Of the test ed organic cor.1pounds r:10 st , but not a ll , wer e 

inhibitory to T . thioparus, but very f ew t o T . novellus . Some: sir:libri ties 

in the shape of the growth curves for the two species were evident in the 

presence of inhibitors, nnd possible mochanisras for this a r e discussed . 

The coopounds capab l e of r eversin6 threonine inhibition of T. thiopnrus 

c.ro biosynth~ticc. lly r el ~t ed . 

(iii) A V(;ry l ow r [l t c of upt o.ke of 14C-lnbelled glucose o. nd 

gluto.o['..tc ( supplied atµ Mo l ar l evels) was found in!• thiopo.rus, 

cor:1pnrecl t c the hi[;h ro.t e of upt ake in T. novellus. Acet nt e wo. s r ap i dly 

t aken up by both species . The a sswilo.t od compounds were b .r ge ly 

oxidiz ed to Co
2 

by !.:_novellus, both het erotrophico.lly- nnd autotrophicn lly­

grown , but in T. thiopc.rus most of the 14c t o.ken up wo. s incorpora ted into 

cell const ituents. 

(iv) The net nbolism of both o. cet [l t c nnd gluto.r:int e by T. thioparus 

wo. s r estrict0d by an incor:1plet e TCA cycle; t he resultant distribution of' 
14c can be corr el at ed with a l a ck of : ~ket ogluta rate dehyd.rogennse . The 

TCA cycle wo. s npparently compl e te in T. novellus. 

( v) The inhibitory effect of 1 6 mM succinate on T. thioparus 

was investigat ed. In liquid culture gr ovrth and consequent thiosulphate 

consumption ~nd pH change s were inhibited . In cell suspensions the 

rate of acid production and of 14co
2 

assimila tion was unaffected. The 

uptake and metabolism of acetate was unaffected . The uptake of 14c­

glucose wa s markedly depressed, and possible mechanisms for this ar e 

discussed . No ba sis for the inhibitory effect of succinate on growth 

was found in these exper~~ents. 

The findings are discussed in relation to the current theories 

of obligate auto trophy. 
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PREFACE 

"The characteristics of the chemosynthetic organism are a s 

follows: 

(1) Development occurs in a purely mineral mileu using an oxidizable 

inorganic substance. 

(2) Vital processes depend on the presence of this substance, which is 

ammonia in the case of denitrification. 

(3) Oxidation of this substance is thG sole source of energy. 

(4) Inability to use any organic compound as a source of energy. 

(5) Inability to decompose organic compounds ; which in fact prevents 

development. 

(6) Assimilation of Carbonic acid a s the sole source of carbon, for 

chemosynthesis." 

S. Winogradsky (1890) Annals ~tiut de Pasteur. 4. 213. Quoted 

in S.C. Rittenberg (1970a). 

"The evidence is briefly reviewed and leads to four conclusions. 

One: there is no obligatory coupling between phototrophy and autotrophy 

or between chemolithotrophy and autotrophy . Two: autotrophic bacteria 

are not uniquely inhibited by organic matter. Three: all putative 

obligate autotrophic bacteria so far tested assimilate and metabolize 

exogenously supplied organic compounds. Four: mi.xotrophy can exist with 

respect to autotrophic and heterotrophic biosynthetic mechanisms and/or 

to chemolithotrophic and chemoorganotrophic energy-generating processes. 

Examples remain of ba cteria that have not been cultured in the 

absence of an inorganic energy source or light. Such forms are 

appropriately described as obligate chemolithotrophs or obligate photo­

trophs. The available evidence, briefly catagorized, above, suggest 

that none of these bacteria is, at the same time, an obligate autotroph. 

From ecological and evolutionary considerations, an absolute dependence 

on carbon dioxide for all carbon makes little sense, and bacteria with 

such a requirement would be anachronism on earth as it now exists." 

S.C. Rittenberg (1972}· The obligate autotroph - the demise 

of a concept-. 

and Serolog,y~ 

Antonia van Leeuwenhoek Journal of Microbiology 

38 457. 
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1 • INTRODUCTimr 

1 .1 • OBLIGA'rE AUTOTROPHS. 

The problem of obligate autotrophy ha s intrigued biologists since 

the concept of "chemosynthesis" wa s introduced by Winogradsky (1890) (see 

Preface). During the ensuing years the changing understanding of metabo­

lism and a ~ider knowledge of the different nutritional typ~s found amongst 

living organisms, has led to a changing meaning of the terms "facultative 

autotroph" and "obliga te autotroph" . 

"Autotrophy" indicates an independence from the products of other living 

organisms i.e. organic compounds, for both nutrients (e.g. C and N) and 

energy . The autotrophs ar e thus lithotrophs, obtaining energy from the 

oxidation of inorganic compounds, and also using carbon dioxide as the sole 

source of carbon. In biochemical terms such organisms are characterized 

by the existence in the cell of an active ribulose diphosphate carboxylase. 

The methylotrophs use an organic source of carbon, i.e. methane, which 

is also the energy source. · They do not possess ribulose diphosphate 

carboxyla se; but the energy-generating mechanisms and the existence of 

obligate methylotrophs indicates many a ffinitie s with the autotrophs so 

they are considered in this study as autotrophs. 

The term "obliga te autotroph" is used to denote an autotroph incapable 

of us ing organic compounds a s a sole carbon or sole energy source under 

most experimental conditions. It i s a t erm that loses much of its 

effectiveness if too rigorously defined, so as to be incapable of 

accommodating exc eptions under certa in experimenta l conditions. 

"Facultative autotroph" denotes an autotroph also able to exist as a 

heterotroph. 

1 . 2. THE OCCURRENCE OF OBLIGATE AUTOTROPHS IN THE MICROBIAL WORLD. 

Although several claims have been made for the occurrence of obligate 

autotrophs among the motile and unicellular algae and protozoa, these 

claims have not been investigated sufficiently thoroughly over a wide range 

of nutrient conditions. Smiley (1964) found evidence to suggest that the 

"obligate autotrophic" nature of the diatoms was not absolute and that 

marine pennate diatoms are photo-heterotrophic (i~e .. use an organic carbon 

source and light as an energy source). 
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The blue-green a l gae (Schizo phy ce~) have gener a lly been clas sed a s 

obligat e autotrophs , i. e . obligate phot o-lithotrophs (Van Baalen, Hoare 

and Br andt -~ 971 ) • However a report by Khoja a nd Whitton ( 1 971 ) in which 

1 7 out of 24 stra ins of blue- gr een a l gae we r e capabl e of growth, a lbeit 

slowly, on 0.01 M sucro se in the dar k , suggest s that the heterotrophic 

pot ential of more str a ins on mor e substra t es should be examined. It i s 

unfortunat e that the or ganisms wi de l y used as typical example s , in r esearch , 

of bl ue- gr een a l gae , do not appear, as yet, to have been shown t o use 

organi c sources of ca r bon. 

The di st r i bution of autotrophy and obligat e autotrophy amongst the 

bacteria i s complicat ed by conceptual dif ficulties as to the nature of 

lithotrophy (Kelly 1971 a ). Obligat e autotrophs ar e f ound among chemolitho­

trophs ( such as species of thiobacilli and nitrifying bacteria ) and among 

the photolithotrophs ( such a s Chlorobium s pp). Certa in methylotrophs may 

a l so be r egarded as being obligat e aut otrophs because of their dependence on 

the pr e sence of one specific form of r educed ca rbon as an energy source . 

However increasing knowle dge of t he phys i ology of the s e group s has l ead to 

t he need to qual i fy the cl ass ification of many or ganisms as obliga t e 

autotrophs . Kelly (i971 a ) r ecogni ses a number of phys i ological t ypes which 

he has class ified as shown in Table 1 , in whi ch the class ification i s by 

r educt ant source as well as the more traditiona l carbon and energy source . 

One or gani sm can , a ccor di ng t o conditions , adapt t o life over a spectrum of 

types so that i t be l ongs t o sever al or many of these groups ; a t l east one 

organism exi st s to exemplif y each of these types . 

Types 1 and 7 a r e the obligate autotr ophs - me t a bolically conservative 

- while types 2 and 7 a r e facult ative autotrophs . 

Certa in supposed autotrophs in the bacteria have not been sufficiently 

studied to establish their sta tus a s autotrophs l et a lone as obligate auto­

trophs. The quit e high organic content of mos t mineral-salt solutions, 

even in distilled wat er, often hampers such char acterization; as it did 

for Desulphovibrio (Rittenber g 1969). 

It i s noteable that obliga t e autotrophy is confined to unicellular 

organisms and quite probably entirely a property of prokaryotes. 



TABLE I 

CLASSIFICATION OF PHYSIOLOGICAL TYPES. 

sounm~ OF ENli!RGY 

Chemolithotrophe 

inor~an ic oxi dat ion 

or~anic oxidation 

mixotrophic 

l>Jlotot ro phs 

Li cht(inorganic Sor 

II
2 

as n-donor) 

co., 
'" 

SOUTlCE OF CAnBON 

JITXOTnOPTTlC ORGANIC" 

'

·:.· ··~r ..... J ... ,, ...... ;,, ......... , .................... ·• . . . . 
~It ne 1 ~ · ••••• !:~ _._ ._ •. .•• , ....................... , .• ·J type 3 

~ .. 
•: 
:: . ,· .. : .. · .. ·.·.·,·:··.:.,,. ... ·.~··,·:·:,,·~~ j 

' 
... 

type 4 lt yne 4 rfl ~-: 

I type lS 

•:.,\.•,,/•:•t:-=/~'.,•,•,!'::.:.•I\. :: 
•• ' •• •• •• • • \ J. #. • • •••• , • ------.t . 

I 
·:. ·: ·.: .... : .. : , ... . ·.~· -·.'· ": ,:,· ... :.,. '•.: ,•,•,•:•.·.' 
••',• • ..f. ·u 2 •'','',••'••!'•'•••,•,,, , , , •,, '(.J pe , . : • ,, : , . ., . :. : . • , . ·,,. .. 
• ... ,•, ,'• .......... •·. :• ... ,, .... • .... ·: .. 

·= . ..... .... . . . . . . . . .. -. ·. r 1 : • • •. ,• , ..•• • .., . ·, , •. • •• '.• , • .... • • , • · ,, . · .• · type 9 ••..••.•• , ..• ,., ., •.••• ,., ........... ,.,. ,· •. .___,'"'~---.& 

Light(organic 
............. ·\··:,· ·:,,·:.-::;,1. ~ ·,,', :·.·· ;:t·: 

H-donor \I •• • •• •' I • •' • • I • ,'-:-, ~.--.-, -.-----,,: .:. '· l ,, .. ·.. . ..... : .. : '.. . .. ' . '. . \ .... : ': ... ' . ' 
r 7A ' ' . " ' ' t' 7 .. . •. •' " ... ' ..... , '~ ,. ,.. •• \ '•' I ype •..• ' ···~· ype • ' • , • ..,. '• • • • • • •.' ' .~:-.•,••,', ..... .. , .... , ... ,., .•,, :, ........... ,. 

'--- ..... -- ........................ •! ••• ·••,,' ·--. •• ,, ... . ·,•\ '"tt····· 
Organic oxidation 

( dark,aerobic) 

Light ( wo.ter ,as 

H- donor} type 8 

' t· ....• '. ',· . . .. •:,"' ,'.: •, ,' .. :· ... ~. , ..... , .. :: 
.\.; . . '-' \ -· , .. 

'~ • ' • ' ' • ~ •••'I .· ,• .. : .. ,•,,·:.~~ . . . . '• .. 

Sources o. of energy and carbon in lithotrophic bacteria 

Type I ; Obligate chemoli~hotrophs( some thiobacilli,possibly 

Nitrosomonas, . SPirilh,m sp, Gallionella) 

Type 2; "facultative autotrophs 11 ~nd mi:xotropbs ( Hydro genomono.e, 

T.novellus,T~,Beggiatoa,N.agilis , T.ferro-oxidans,T.intermedius) 

Type 3;Chemolithotropbic heterotropbe (T.perometabolis,Desulfovibrio) 

Type 4 Pseudomonas oxaliticus Type 4a Obligate methylotrophs 

Type 5 None clearly ehoYn Type 6 Obligate photolithotrophs 

(Chlorobium spp,Prosthecochloris , some Thiorhodaceae,Pelodictyon) 

Type7 l{any Thiorhoda.ceae, the Athiorhodo.cea.e 

Type 7a Possibly some Athiorhodacea.e on some substrates 

Type 8 Cyanophyta( blue green alg~e) 

Type 9. None clearly aho,rn.Type IO. None clearly shown. 

AFTER KELLY I97Ia. Terms as defined by RITTENBERG 1969. 
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1 .3. EVOLUTIONARY SIGNIFICANCE OF OBLIGATE AUTOTROPHS. 

The earlier vie v1 of Breed et al. (1957) that photosynthetic and 

chemosynthetic organisms represented a primitive form was based on the idea 

that their independence of preformed o~gani c medi a , i. e . their autotrophy, 

enabled them to live i n the t otally inorganic pr imaeval environment . 

Thus the oblieate autotrophs, unable to use preformed organic matter, would 

have been the most primitive; not yet having gained the ability to 

utilise the organic compounds synthesized by other organisms. 

This view has given pl a ce to that of Haldane and Oparin ( Oparin 1 968) 

who sugeest that "life" originated in a "pri maeval" soup of organic com­

pounds formed by various energy sources from an at mo spher e consider ably 

more r educed (as against oxidized) than the contemporary a t mo sphere . The 

succession of metabolic fo r ms th&t fo llows f rom this i s a lmost the reverse 

of t hat suggested by Br eed et al. (-1 957). 

The chemosynthetic organisms would be regarded as highly evolved, being 

both oxidative a nd independent of the presence of organic compounds, in some 

cases. The lo ss of t he primitive feature of heterotrophy would suggest 

tha t the " obligate autotrophs" have be come even mor e specialised. 

1 .4-. HECHANISi\iS ~OR OBLIGATE AUTO'i'Rq_fl[f. 

The basis for obligate autotrophy must lie in some specific difference 

bet ween obligate autotrophs, on the one hand, and fa culta tive auto~rophs 

and heterotrophs, on the other . 

The expl anations, beside explaining the inability to utilise organic 

compounds must als o expl a in the general but not total sensitivity to organic 

compounds . 

An early suggestion that obligate autotrophs we r e a totally different 

life - form seems to have been ba s ed on the claims of Winogradsky concerning 

the gener a l toxicity of organic compounds to obligate autotrophs 

(Winogradsky 1 890, 1 922). The discovery of T. novellus by Starkey ( 1 934), 

a facultative autotroph in an otherwise obligately autotrophic genus, 

rendered this view very unlikely. An analysis by Ui!lbreit (le Page and 

Umbreit 1943) indicating the presence of 3'-ATP rather than 5'-ATP 

temporarily revived this idea. Subsequent reinvestigation of this fin~ 

has f a iled to substantia te the result. 
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A number of different hypothese s a ttempting to expl a in obligat e auto­

trophy in terms of specific difference s in the physiology and biochemistry 

of these organisms has be en put forHar d over the l ast fifteen years. The 

expl anation may well only be valid in t he presence of the organic compound 

and/or t he absence of the ener gy ·source . 

1 .41 • .!§.§!RICTED PERMEABILITY TO ORGA~IC COMPOUNDS , 

Umbreit (1951) suggested , in r elation to the extreme a cid tolerance of 

T. thio-oxidans, that the cell membr ane wa s impermeable , even to the small 

hydrogen ion ( which i s variously hydra ted in aqueous solution). This was 

soon di scount ed but the bas ic idea of the obliga t e autotroph as a biological 

submarine (Umbre it 1951) was r evived by Dugan and Lundgr en (quoted by 

Rittenber g 1 969 ) to expl a in the inability of T. ferroxidans to utilise 

organic compounds . The inhibitory properties of certain orga nic compounds, 

it was suggest ed , ar ose from their effect on the membrane, which vm s such a s 

to decreas e the pe rmeability to f errou s jons and hence inhibited growth. 

Ther e is however a wealth of dat a t o indi cat e t hat organic compounds ca n 

penetra t e cell membranes of obliga t e autotr ophs . Assimilation or organic 

compounds i s amply documented by Rittenber g (1969) . 

It i s , however, poss i ble tha t certain compounds inhibit the uptake of the 

autotrophi c energy source in chemolithotr ophs or t he inorganic reducta..~t in 

photolithotrophs . It has been sugges t ed that the metabolism of the 

inorganic energy source in some chemolithotrophs , a t l east in the initial 

stages , t akes pl a ce a t the membr ane surface (Tr udinger 1965) . I f this is the 

case then although permeability change s may not a ccount for the inhibition, 

membrane changes a ffecting this surfa ce st ep may . 

Even i f the organic compounds a r e taken up , they must be taken up in 

sufficient quantities and at sufficient r a t es to act a s energy source for 

grov,th. The r a t e of energy production for det ectable growth must exceed 

the maintenance energy r equirement. This maintenance energy requirement 

is often seriously underestima ted and can vary with substrate and nature 

of the growth-limiting components (Stouthammer and Bethenhausen 1973). 

Thus permeases may be so rate-limiting a s to prevent growth . 

Pelroy et a l. (1972) concluded that the a bsence of a glucose permease 

is responsible for the low glucose metabolism rat es of the t wo obligately 

autotrophic blue-green algae , Synechococcus 6301 a nd Aphanocapsa 6308, in 
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comparison to the high rat0 in the f aculta tive photo-autotroph A_phanoca ps.Q:_ 

6714, which is free ly permeable t o gl ucose . 

1 .42. :METABOLIC DEFICIENCIES o 
Assuming the orga nic compounds can penetrat e the cell membrane they 

must be metabolised to be effective . 

The organic compounds t h:-lt a r e utilised a s energy sources by hetero­

-cr ophs ar e t hose which can be r eadily t r ansfor me d into intermediat e s of 
11 cent r a l me t abolic _pa thways" (i. e . t ho se pat hways such a s the EMP, 

Hexosemonophospho.te, Entner-Doudoroff and TCA cycles which serve to provide 

the cellular r equirement f or ATP and r educing equivalents such a s NAD~) or 

are intermedia t e s already. 

For thos e compounds that r equire one or more enzymic steps for conversion 

to intermedi at e s of centra l metabolism, the pr e sence or absence of the 

specif ic converting enzyme s de t ermines the ability to utilise these compounds. 

This, in many ca ses, i s suf ficient t o explain the r ange of utilisable sub-

strat e s ava ila ble to va rious het e r otrophs. Tho ab sence of the s e enzyme s in 

obligat e autotrophs would not be a unique fea ture . 

Since t he centra l met abolism pathv1ays pr ovide a ll the energy ge nerating 

me chanisms for het erotrophic gr owth, either by substra t e-level phosphoryla ­

tion or by providing NADH2 for oxidative phospr~rylation, a biochemica l 

"le sion" in these pathways such a s that sugge sted by Smith, London a nd 

Stanier ( 1 967) for Y.-keto-glutar a t e dehydrogenase or NADH2-oxida se could, 

if appr opria t ely loca t ed , pr event ener gy gener a tion from organic source s. 

A numb er of investiga tions of l abel distributions and enzymes 

occurrences ha s, with some contradictions, shown that if ther e ar e l e sions, 

ther e are no common lesions to explain a ll situations of obligate autotrophy. 

The first l esion to be detect ed wa s in the tricarboxylic a cid cycle at 

-:,,._-keto glutar a t e dehydrogenase which would , i t was suggested, convert a 

cyclic degradative pathway producing co2 , ~nd ATP, to a solely biosynthetic 

system. 

A survey of publi shed evidence from enzymic studies (Table II) 

supported by l a belling patterns, does indeed confirm the low level or absence __ 

of r.v.-ketoglutarate dehydrogenase in obligate autotrophs and facultative 

autotrophs growing autotrophically. The occurrence of exceptions amongst 

the obligate autotrophs indicates that this is not a universal feature, as 

shown in Table II . 
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TABLE II 

OCCUF.ll.ENCE OE' :"( - KETOGLUTARATE DEHYDROGENASE IN 

OBLIGATE Al'm FACULTATIVE AUTOTROPHS o 

Obliga t e Autotrophs Faculta tive Autotrophs 

La cking 

::>(-ketogluta r a t e 

dehydrogenose 

Type I Me thylotrophs 

Chromatium 

Nitrosomonas 

T .neapolita nus 

!l,1;:~cystis n idulans 

Cocco-chloris 

(1) 

(3 ) 

(3) 

(3) 

( 2 ) 

(2) 

Conta ining 

~ '.- ketoglutarate 

dehydrogenose 

Type II Methylo-t'rophs (5) Ni tro bacter a gilis 

Hydrogenomonas a..gilis 

Hydrogenomonas e.utropha 

References 

Gleocapsa alpicol a 

T.thio- oxidans 

T . thiopa~­

T.denitrificans 

(2) 

( 2 ) T. novellus 

( 2 ) T.intermedius 

(4) T. A2 

T . f erro-oxidans 

( 1 ) Davey, Whithenbe r g a nd Wilkinson 1 972 

( 2 ) Smith, London and Stanier 1967 

(3) Kelly 1 971 a 

(4) Taylor a nd Moore 1971 a 

(5) Wadzinski and Ribbons 1972 

( 6) Charles 1 971 a 

(7) Matin and Rittenberg 1970b 

(8) Tabita a nd Lundgren 1971b. 

(3) 

(3) 

( 2) 

( 6) 

(2) (7) 

(4) 

(8) 
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This l esion could be circumvent ed by the operation of the glyoxyla te 

cycle as shown in Ta ble III. 

Such an effectivel y cyclic system could then enable the organism to 

oxidise the products of ca t abolism such a s pyruva t e and so generat e ATP. 

In order to prevent the operation of both the TCA cycle and the Glyoxylat e 

cycle from functioning other l e sions, in addition t o tha t a t 

X: - ketoglutarate dehydrogenase , must exist. A single l esion at isocitrat e 

dehydrogenase , ~.-ketoglutar a t e dehydrogenase, succina t e thiokinase, 

suc cinate dehydrogenase or fumar ase di sabl es the 'I'CA cycle but still allows 

it to function biosynthetica lly. The simultaneous absence of the 

glyoxylate enzyme s, rnalate synthase and isocitrat a se , will disable both 

cycles from separa t e l es ions . 

Fuma r ase 

TABLE III 

,9_QMJill.l!~!g~.£A~...Q!.µiJ~~ACI_D __ cycu AND GLYOXYLATE CYCLE . 

Pyruvat e, 

1/. 
Acttyl CoA 

I\:a l a t 6 

deH. 
/ 

.,,Oxalo a.cetic . Citrat e 

Acid Synth~se-/,. 

\ 

·, 

L-Mal ate :.1 citrat e a coni t a se 
"'·~ .. ---- --· -
~ Mal at e 

-----· 
r ·,~-~- cis Aconita t e / 

I 
·, 

synthase \ i· -
1 1 t . isocitrat e g yony a e (-- ~--

Succinate 

\ deH 

\ .. / / 
Succina t e 1;. 

/ 

~ -'8uccina te 
thi okina se, ...______ __ _ 

: isocitrate deH 

v~ 
. 1..-ke toglutara t e 

I 
.,i 

/I/ ./-ketoglutorate deH 

succinyl CaA.(·-----/ 

II= Site cf deficiency 
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From the data of Ta bl e IV it would appear tha t only in T. thiopa rus and 

Nitroba9~, anJ possibly T. neapo_Litanus ar e there l e sions such n.s to 

prevent the effective cycling of compounds to yield Co2 and energy. 

Other l es ions exist so a s to prevent the oper a tion of various carbo­

hydra t e pathways. '.l.'hus the a bsence of hexokina se in 11ethylococcus 

capsu~ was considered to be a sufficient expl anation of this or ganism ' s 

inability to me t abolise glucose (Amemiya 1972). 

TABLE IV 

OCCURRENCE OF TCA .AND GLYOXYLATE CYCL:g; LESIONS I N 

OBLIGATE AUTOTROPHS. 

TCA Cycle 

enzyme 

absent. 

Any of . 

Glyoxyla t e Cycle Enzymes 

Citra t e Synthase 

Aconita se 

Ma.lat e deH . 

.: -'- ketoglut arat e deH 

I socitra t e deH 

Succina t e 

thioki nase 

Succinate deH 

Funarase 

Ma.la t e Syntha se 01· 

Isocitrase present. 

T.neapolitanus (co) 

Nitroba ctor (.£2.2. 

T.thio-oxidans l£tl 
T. denitri f icans 

Ni tro-somonas 

Chromat ium 

From (Kelly 1 971 a ) and (Cooper 1 964) 

(co) = Contradictory Reports. 

Mala t e Synthase or 

Isocitra se absent. 

T.th:i.o..E_~ 

T. neapolitanus 

Although there is no compl ete l a ck of isocitrat e dehydrogena se 

some organisms may lack either the NAD or the NADP specific 

enzyme . 

= = No cycling pos sible 

~~ = Cycling possible . 
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Type II Methyloh·ophs (,M? __ !pylococcus ,.E'ichosporium , Methylosinus 

sporium, ~lethylocystis parris (Davey, Whitt enberg and Wilkinson 1972) l a ck 

glucose-6-phospha t e dehydrogena se and 6- phosphoglucoru:i.t e dehydrogenase of 

the oxidative pentos e-phospha t e cycle , a lthough the TCA cycle is comple t e . 

6- phosphogluconatc dehydra se i s low or absent in T . neepol~~, 

T.thi£~O?,Sidans , and T. thioparus, all obligat e autotrophs, a s well a s in 

T. novell u~ but present in T. 1)erome~b~ (t;atin and Rittenberg 1971 a ). 

In T. f erro- oxidans this a nd other Entner-DouJ.oroff pa thway enzymes a r e 

pre sent (Anderson and Lundgren 1969; Gal e and Beck 1967; Tabita and 

Lundgr en 1 971 b) • 

The absence of phosphofructokinase in !..:_!leapolitanus and 

!.:._iJ2ioparus would pr event the oper a tion of the Embden-Meyerhof-Parnas 

pathway (Johnson and Abraham 1 969). 

Even in the absence of a clea rly evident l e sion ther e may be no 

utilisation of t he subs tra t e : the blue- gr een a l gae ~ aena variabilis, 

Anacystis nidulans and Chlorogloea f ritshii are enzymatica lly fully capable 

of a ssimilating and converting a cet at e to ne ce ssa ry cell components and yet 

a r e obligate autotrophs . 

Thus a lthough ther e a r e many r eported i ns t ances of spe cific me t abolic 

deficienci es or l es ions of centra l met a bolism among obligat e autotrophs, 

ther e a r e few case s wher e i t ha s been s hown that the l e sion(s) ar e such 

that they cannot be circumvent ed by some alternative pa thway. In the 

ca se of l esions t ha t would. pr event ATP synthesis via oxidative phospheryla ­

tion, substrat e l eve l phos phorylation could provide an adequa t e substitute . 

However, in this ca se , toxic or r epr ess i ve end products might a ccumula t e , 

e . g . pyruvat e , in the a bsence of functional t ermina l pa thways such a s the 

TCA cycle . However, continued ATP synthesis by substra t e level phosphoryla -

tion would r equire some me chanism of r e-oxidation of NADH2 • The absence 

of f er mentative enzyme s such a s lactate dehydrogenase in obligate autotrophs 

would mean a reliance on mechanisms coupling NADH2 re-oxidation to an 

external electron acceptor such as oxygen. 

Smith, London and Stanier (1967) on finding an absence of NADH2 oxidase 

in obligate autotrophs, concluded that an inability to utilize organic 

compounds a s an energy source a rose from an inability to utilize NADH2 as 

an electron donor for oxidative phosphorylation. The occurrence of 
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NADH
2
-oxidase in most obligate autotrophs has since been est a blished 

(Davey, Whittenbur g and Wilkinson 'i972 ; Kelly 1971a; Pearce and Carr 

1967; Smith, London and Stanier 1967; Matin and Ritt enberg '1971 a ) but 

only in o. few cn.ses has the enzymes ability t o catalyse r eduction of 

cytochromos concurrently been investigat ed and shown; nor has the 

coupling of W,DH
2
- oxidation to 1.DP phosphorylation been shown . This is, 

no doubt, partly due to the fact that jn ~.£ bacterial el ectron trans­

port systems give low P/0 ratios , However the N,.',DH
2
- oxi dation coupled 

production of ATP hus been shown in the blue- green al gal obligate 

autotroph A~~~ena variabilis (Leach and Carr 1970). 

1 .43 . DISTINCTIVE CONTROL MECHANISMS. 

As the exi st ence of me t abolic l es i ons is generally an insufficient 

explanation, it has been suggested t hat the autotrophic l evel s of centra l 

metabolism enzymes are fixed i. e . permanently repre-ssed . A comparison of 

the enzyme l evel s in facultativ e autot rophs (as in Table V) under 

autotrophic and heterotrophic , conditions , indicates a change in enzyme 

l evels such t h2.t the energy-yielding stops are favoured and. the "carbon 

distribution" i s t o al l me t abolic areas . 

TABLE V 

Cm.lPARISON OF Lr..~LS OF CERTAI N CEl\TTRAL METABOLISLI ~--~------~----,...,,, 
~~~FACULTic'.i'IVE J"lfrO'J.'ROPII ON VARIOUS SUBSTRATES . 

Citra t e Synthase 

Aconitase 

Isoci trE',t e deH 

~·- ketoglutar a t e 

Succinate deH 

Fumarase 

Malic deH 

Isocitra.t e lya se 

Malate Synthase 

NADH-Oxidase 

l 3 0 II + 
2 3 
Co2 

8.5 

143 

451 

0 .5 

1 0 . 6 

55 

124 

97 

13 

25 

From Charles 1 971 a 

. Aceta t e I Pyruvo.t e I Succinate I Glucose 

l I 

3 

6 

1 

1 

2 

62 

67 

89 

3 . 5 

36 

69 

24 

4-60 

1 77 

67 .5 

! 

46 I 58 .9 22i. 

1 31 128 99 

1 li-1 452 43.4 
I 1 . 8 2 .4 1 .1 

82 84 5 . 2 

124 114 128 

121 127 69 

166 115 214 

49 58 33 .7 

72 7 .1 45 

n moles/min/mg protein 
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If such a shift is not po s s ible , in obligat e autotrophs, then the organism 

will be unable to ado.pt it s metabolism to a llow it to utilise organic 

compounds a t a rat e sufficient to sustai n growth . It i s noteworthy in 

this cont ext that the differential rate of incorpor ation of organic com­

pounds by obligate autotrophs does not increase with t ime during auto­

trophic grovrth, which suggests tha t there is no induction or der epr ess ion 

of enzYJnes to f avour such incorporation (Kelly 1 971 a ). 

This per manent r epres sion was f irst suggested by PearcE and Carr (1 967) 

for Anabaen~ variabilis as shown in Table VI. 

TABLE VI 

EFFE CT OF ACETATE ON CENTRAL I.IB TAB..Q.hl_SM ENZYMES 

LEVELS I N OBLIGA'rELY AU'lOTRO.pHIC BLUE-GREEN ALGJ:,.E 

Photosynthetically grown in 

presence 20m Ace t a t e 

absence 11 Iv111 

Acet at e l~ i nase 

Acetyl synthet ase 

Phosphotransacetyl ase 

I socitrate l yase 

Ma l ate s ynth::i.se 

Isocitr~te deHydrogena se 

Citr&t e synthase 

Anabaena 

vari o.bilis 

4.5 . 

0 

1 • 7 

. 38 

8r, 
• c:.. 

5.0 
6 . 1 

"M" 
4 .1 

0 

1 .4 
7C . .) / 

. 80 

4 . 7 

5.7 

f,na cystis 

~ ans 

0 

3.0 
nt 

.45 
1 . 07 

11 6 . 7 

. 67 

"M" 
0 

3 . 1 

nt 

.43 

1 . 00 

1 6 . 5 

.70 

--- ------------~-'---~---'--------'----~-
From Pearce and Carr 1967 n mo l es/min/mg prote in 

A comparison of enzyme ' s l eve l s in Thioba cillus neapolitanus and 

T.thio-oxidans in the presence and a bsence of glucose (Table VII) shows 

that th~r e i s a small but possibly significant incre~se in isocitra t e 

dehydrogenase a nd glucokinase for T. thio-oxidans and in glucokinase, 

glucose-6-phosphate dehydrogenase , phosphogluconate dehydrogenase, a nd 

fructJse di-p~ospha t e aldolase for T. ne8:,Eolitanus. 

It ca n be seen tha t the presence of a n organic compound may, but need 

not, affect enzyme l evels in the obligate autotroph; it yet r emains to be 

shown that this can happen in a co-ordinate manner , so a s to give the 

enzyme l evels r equired to utilise the substra t e a t an adequate rate. 
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TABLE VII 

EFFECT OF GLUCOSE ON CEL'T'l'RAL }liETABOLISlvi ENZ YME 
-------------- ~ .=;;..;;,;;;;,_;_ __ _ 

LEVELS IN OBLIGATE .Alfr O'~ 

!.:__.Eeapol~tanus T. thio-oxidans 

190 1 90 S O " + 
2 3 190 190 S20/ + 

s20/ o. e-% Gl ucose S O " 
2 3 o. f11/o Glucose 

--=-----
Isocitra t e deH 1672 1605 11 67 1330 

Nl~DH Oxida se 59 65 42 40 

Glucokin2. se 
I 490 590 I 

40 40 

Gluco se-6-P deH 11 0 140 68 162 

phospho gluconate de-

tnyi:b.'a SG ' 2 2 2 2 

phosphoglucona t e deH 74 97 4 2 44 

Fructose- di Paldola se 1 6 20 

Phosphoglycer a t e deH 1320 ·i 380 1 3 14 

From Matin and Rittenber g 1 971 a . 1· 6-4 enzyme units/mg protein 
,. -· 

In ·an alternative theory t o "permanent r epr ession", Borichewski and 

Umbroit C-i 966a ) suggested that or ganic compounds we r e toxic because their 

metabolic products r epressed essent i a l cencr a l m0t abolism 0nzymes ; and 

that such products formed during autotrophic growth could limit autotrophic 

growth. If this wa s the case then removal of the toxic products, which 

might s cc1.llllulate in the absence of a specific di sposal mechanism, might 

well permit heterotrophic grJwth. In attempts to achieve this,organisms 

have been grown in dialysis sa cs with continuous flow remJval of dialysing 

fluid . Such r e sult s &shave be en r0portod have been contradictory: a s 

can be seen from Table VIII. 
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Organism 

TABLE VIII 

GROWTH OF OBLIGATE AUTOTROPHS ON ORGANIC SUBSTRATES 

UNDER DIJ.LYSIS CONDITIONS 

Substrat e Result Reference 

T.thio-oxidn.ns Glucose - ve (60 days) Levin 1971 

" 
Borichowski & 

+ ve 
Umbreit 1969a . 

- ve (60 days ) Levin 1971 

T. neapolitanus 

Acet at e 

Glucose + V 0 Pan & Umbreit 1 972a 
II Matin & - ve (60 days) Ritteriber g 1 971 a 

T. denitrificans Glucose (aerobic) + ve Pan & Umbreit 1972a 

'.J1 . thioparus 

Nitrobacter_agilis 

Nitro somona~ 

eu!'opae3: 

Methanomona s 

met hano-oxidans ----·.._. _____ _ 

II (o.n II ) 

II 

Glucos e 

" 

Glucose 

Glucose 

+ ve II 

+ v e II 

+ V fJ Pan 1971 a 

+ ve IPa.n & Umbre it 

+ ve II 

- ve (3 days) Ameniya 1 972 

The results of Borichewski (1966b) show an increa se in growth r a t e 

in a di a lysing syst em t ha t conta ined an "inhibitory" concentration of 

pyruva t o . 

1972a 

The results must be confirmed and contradictions r esolved before the 

theory of Borichewski and Umbreit can be a ccepted a s an explanation . The 

changes i n enzyme levels in the pr e sence of an organic substra t e or the 

absence of the lithotrophic energy source may be such a s to permit 

accumulation of toxic products: the inhibitory compounds removed by 

dialysis from autotrophic growth commonly appear to be keto-acids, 

~specially pyruvate . 

It ha s been suggested that a situation resembling catabolite 

r epression might occur: compounds capable of producing or of affecting 

the production of a gener a l metabolic effector, such as cyclic AMP might 

so effect metabolism, via this effector as to pr event or inhibit growth . 

Such a s ituation may well expla in the inhibition of autotrophic growth of 



T. novellus by glucose , l acta t e , glycerol, l actose , ribose and pyruvate 

(Le John, van Caese ele and Lee s 1967). 

There need not be a single gener a l effector through which many 

inhibitors operat e . It is possible tha t in the obligate autotrophs 

the presence of an organic compound r epresses the formation or activity of 

enzymes not, a s in het erotrophs, only in metabolically- r el a t ed pa thways 

but a lso in distant me t abolic ar eas . Thus ther e may be superimposed on the 

norma l compact het erotrophic control patterns , a wide "super-control" 

pattern in which the pr esence of, for exo,mp l e , pyruvat e , might r epress 

enzymes involved in the bio synthes i s of variou3 amino a cids. This control 

could be direct, not through the intermediary of such a n effector a s 

cyclic A.MP o 

In the case of many inhibitory compounds it is not necessary to invoke 

special me chanisms . Thus the "building block" organic compounds such a s 

amino- acid3 and nucleotides which are end-products of long branched bio­

synthetic pathways, may be inhibitory because they exert feed-ba ck r epr ession 

or inhibition on early steps in biosynthetic puthways and so block the 

synthesis of other amino-ac ids derived f r om the same pathway (Ke lly 1969b ,c, d) . 

Simila r inhibitory eff ects a r e not uncommon among het erotrophs. 

1 .41+ . OBLIGATE LINKS BETV,'EEN PATHWAYS OF OXIDATION OF I NORGANIC 

ENERGY SOURCE AND OTHER ARE!1.S OF METABOLISM . 

Some type of obliga tely link may occur between autotrophic functions 

such as to the energy-gener a ting mocl.12.nism or the co2 fixation or methane 

fixation pathway , and some other essentia l fa cet of metabolism . 

The uptake of organic compounds i s an energy-requiring step and hence 

could be linked to the energy-generat ing me chanism. If this link involved, 

not ATP, but some intermediat e of the substrate oxidation pathway, e . g . 

APS (Adenosine- 5'-phospho-sulphate) then the uptake r equire s autotrophic 

metabolism . In support of this suggestion it has been shown that in 

T . denitrications, aceta t e uptake requires both an oxidizable inorganic 

substrate and bicarbonate and was proportional to the inorganic substrat e 

oxidized (Taylor and Hoa r e 1971 a ). 

The formation of some essential compounds may depend on autotrophic 

functions . Sulphur oxidizing phototrophs such a s .£.hlorobium, Chromat ium, 

Thiopedia require sulphide as a sulphur-source as sulphate is not 



assimilated (Kelly 1 971 a ); T. neapolifanus also ca nnot a ssimila te sulpho.te 

(Kelly 1971a) . Nitrosomonas could r equire ammonium ion a s a nitrogen source, 

as well a s an energy--sourcc ; Ba.alsrud and B~alsrud ( 1965) found 1'11\_ + 

necessarJ for isol ation of T. d.enitrit icans . 

The form~tion of vitamins etc . may be linked to ~utotrophy . Certain 

hydrogen bacteria (Ri ttenber g 1 969) and s o@1.- f. thiorhodaceae require vita.rains 

for autotrophic growth; the r everse may noll b6 true . In liquid culture 

the growth r a t e of T. nov~ on liquid media i s enhanced by low concentro.­

tions of yeast extract (Matin a nd Rittenber g 1971 a) . 

Poly- IJ - hydroxybutyra t e can act :.l s an energy--source during cell 

division and nor mal turnover in r estinr, cells , so ther e is no obliga t e link 

between l~Utotrophy a nd th..: functions that result in growth a nd division. 

However even if this is true some autotrophically- linked function may be r a t e 

limiting; het erotrophic growth of £fil:s2. bac~..£. agilis on a cet a t e is very, 

very slow (Pc.n and Umbreit 1 972a ) . 

The over-rigorous exclusion of carbon- dioxide in experiments designed to 

t est f or photo- or choQo- org~notrophy und a l so in experiments designed t o 

t est for hot er otrophy may be r t, s ponsible for the inability t o gron: m?ny 

many hot erotrophs r equire smull amount s of co
2 

to start growth and some 

r equire Co2 for continued growth (Kelly 1 967a ) . 

The a bsence of the autotrophic ener gy source or tho presence of some 

inhibitory organic compound ma y alte r the p0ri1oability o f the membra ne or 

even induce a ctive secretion, so tha t an essentia l met abolite is actively or 

pa ssively secret ed . The cell thus is me t a bolite- limited for continued 

grovrth . Dorichewski (1965) obta ined r esult s t o suggest that glucose gave 

abnorma l morphologically- distorted T. thio- oxidans which wer e stabilized by 

1-5% sucro se so that at l east some substrat es give osmotically fragile cells : 

the consequent l eaka ge may well be growth- li~iting . Pyruva t e and oxalo­

acetatc accumulat e in culture s of T. thiopa~ on sulphur - so t his l eakage 

could be a norma l end effect in growth. 

1 .45 . SUMif:ARY. 

It is possible that there is nu single mechanism which accounts for 

the general inabili ty of obligate autotrophs to ut ili se organi c compounds , 

and for the toxicity of many organic compounds towar ds these or ganisms . 

Different mechanisms may be involved for different organi c compounds a nd t he 
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effect of the or ganic compound may depend on the pr esence or ~bsence of the 

autotrophic energy· source . 

summarised as foll ows . 

However the possible mechanisms can be 

Tho compound, unl ess i t affects membrane- associated autotrophi c 

f unct ions , must penetrate the cel l membr ane to be of effect eith~r a s a 

substrate or as an inhibitor (in most cases , at l east) . It mus t, i f a 

substrate , penetrate at a sufficient r a tD so t hat subsequent metabolism, i f 

i t occurs , pr oduces sufficient ener gy and reduc i ng power, a t a r ate exceed­

ing th~ m~int enance ener gy r equirement . Even if the enzymes exist to 

perform energy-yielding s t eps , the l evels of the se enzymes may be insufficient 

and remain so , or products toxi c to the organism may a ccumulate . 

Tho compound, w~ich may not be utilisable by ava i lable enzymes , may 

affect contr ol po.tt erns so l!S t o be inhibitory by mechani sms ; analogous to 

cato.bolite repression, by "super control" or by normal he t erotrophic contr ol 

patterns of feed- back inhibition and repression in biosynthetic pathways. 

An obligat e link b~hmen autotrophic functions a nd some zssentia l metabolic 

facet may exist . 

I t i s possibl 0 tho.t some combination of l esions, inhibitions and links 

may mean that a singl e compound cannot fulf il all the r equired biosynthotic 

and energy-3/iolding functions so some combination of compounds is necessary . 

To test the theori es a compar ative study of a closely r el ated obligat e 

a nd facul tati ve aut otroph would be of maximum benefit as physiological 

differences other than those responsible for obli gate autotrophy would be 

minimised . The thi obacilli contain such types and r epresentative speci es 

of each type we r e chosen for this study. 

1 .5. THE THIOBACILLI . 

The currently accepted definition of the genus Thiobacillus is; 

"those bact eria capabl e of obtaining met abolically useful ener gy from the 

oxida tion of r educed sulphur compounds" . 

As a genus conta ining both obligate a nd facultative autotrophs, 

obtainable in r easonable yields, the thiobacilli wer e a natural choice 

for study of obli gat e autotrophy. 
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1 . 51 . C:U.SSIFIChTION OF THE THIOMCILLI . 

The classifica tion of the thiobacilli of Breed et al. (1 957) was based 

on ch.3.racteristics, such as the formation of t ctrathionatc during thiosulph.D.te 

oxidation (no longer r egarded a s definitive ), und included only 11' . nove llus 

and T. trautweinii as facultative autotrophs . Si nce then further 

f acultl'.tive autotrophs have been isolated, whilo T. truutweinii is now 

regarded as a pseudomonad since it is non-uutotrophic . 

The major criteria for subdivision of the obligately autotrophic 

species a r e : the ability to carry out anaerobic respiration and the pH 

opti~a and limits. 

The species commonly a ccepted a r c s hown in the Table IX . 

TABLE IX 

C:U.SSIFi w\TION OF THG GENUS fHIOBACILLUS 

Obligat e Autotrophs 

Faculta tive anaer obe s 

T. denitrificans 
------------
Obl i gate aer obe s 

!:_~po.ru~ 

T. ne~.E.O.l.i t anus 

T. thio- oxidans 

Able to oxidize Fe 

T. ferro- oxidans 

Spore- f orme r 

T. thermophi~ica 

Facultative Autotrophs 

T. novellus 

T. per ometabol ~ 

T. intermedius 

T. A2 

I pH optimum I 

.:' pH 7 . 0 

A pH 7 . 0 

::.>pH 6. 0 

< pH 3 . 0 

~ pH 3.0 

/ pH 8 .0 

/ pH3-pH4 

Nitrate Anaerobic Respira tion -----~----~---·------

Resistant to osmot.ic stress . 

Some strains facultative autotrphs 

also utilizes r educed S compd&, 

Obligate thermophile 

Low Autotrophic abi lity 

Cannot grow autotrophically ~ 

Autotrophic . Chemoheterotroph 

Aut otrophi c heter otr ophic ability 

high . 

lE Can only grow mixotrophically or on two C. compounds . 



From Jackson, Moriat y and Nichol a s (1968) 
Hutchi nson , Johnst one ancl White (1969) 

London and Rittenber g (1 967) 

London ( 1 963 ) 
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The DNA base composition of the Murrc.y stra ins and some others wa s 

determined by Jackson et a l . ( 1 968) as shorm in '.I.'abl e X. 

TABLE X 

~filI CATION OF THE GENgS 'l'IIIOBh.CILLUS BY 

MULTIVARL"-.TE AN,',,LYSIS AND DK. COI!.POSITIQl; . 

SpeciE:s 

T. 

trautwcB:J..i 

~~ 
denitrifico.ns 

thioparus 

thiocyano-oxidnns 

neapolitanus 

f erro- oxida ns 

thio- oxidans 

concretivorus 

intermedius 

) 
) 

-
~ 

Group No . 

0 

1 

2 

3 

4 

6 

5 

7 

x S Range 

45 - 24 

37 - 18 

~ Hutchinson, Johnstone and White (1969) 
lf3' Jackson, Moriaty and Nicholas (1968) 

:,e 
Mec.n 

71 

47 

35 

27 

-;\Th C ~ Dl= amp . 

% C :r C 

66 
66 - 68 

64 
62 - 66 

63 
56 

57 
51 

51 - 52 

A multivariate analysis by Hutchinson et a l. (1969) did not confirm 

t o strict Adansonian principles because it was not possible t o find a set 

of conunon incubation conditions . This i s due to the wide range of forms 

available in the thiobacilli; faculta tiYe and obligat e autotrophs , aerobe s 

and anaerobes , iron oxidizers, a nd obligc.te mixotrophs . However a seri es 

of co- ordinate groups was differentiated as shown in Table X. 



Organisms not included in t hi s study a r e!: perometabolis a nd 

T. t hemophilica , both somewhat unusual organi sms . 

21 • 

Th0 spe cies can be differ entia t ed by ultra structure (Shively et al 

1970) and. by phospholipid composition ( Barridge and Shive ly 1968): such 

criteria gi ve a similar grouping t o t h.2,t shown in Table X. 

1 .52. ENERGY PRODUCTIO_T IN THE TIITOBll.CILLI. 

The sequence of r eactions and the intermedi a t es involved in the 

oxidation of r educed sulphur compounds are not well char acterized. This 

is, in part, due t o the number of r eactions a nd intermediat es , the t r ansient 

appear ance of some intermediat es and the chemica l r eactivity of certa in 

intermedi at es , which can yield a var iety of product s by non-enzymatic 

r eactions . 

The only well chara cteriz ed ATP-yielding st ep r esults from a substrat G­

l evel phosphorylation during oxidation of sul phite to sulphat e 

APS r educt ase (Adenyl at e - 5 1- phosphosulphat e ) 
so~- + AMP t-·~ .. ___ _._ ._ .... ··_- - · .- ·-);',.PS ---- ------------,, ADP + sof -

Adenylat e kinase 
ADP + ADP -;-·- - ---·-- - - -··· -=..::- -~ATP + .A.MP 

which contributes at l east 45% of the t ot a l ATP produced by oxidation of 

thiosul phat e . 

'rhe nature of other energy-yielding steps is uncerta in. 

The mechanism for t he production of t he r eductant fo r co
2 

fixa tion i s 

a lso uncertain . I n chemo- organotrophs ( senso Rittenberg 1969) the 

organic compounds can gener at e r educing power; in the obligate autotrophs 

this i s impossible . It hns been sugge sted t hat an ATP driven r eversa l 

of oxidative phosphorylation might occur; a lthough this is not universa lly 

a ccept ed (Sadler and Johnson 1972). 

Pyridine Nucleotide 
I 

/~TP+C0 2 
./.' 

( CHOH) 

ADP Amytal , ,Rotenone 
- - · --'--.·Flavo-protein -·------·· -'-- --·- - ----- Co Q ' 1.'.r°:r- ~ , · ·· · ~.: • 

I ! I 
I ; 

·"' Cyt.b 
:1' 

ADP -- ·- ··Jj ··-·- . -- - - ATP 

Thiosulphate ------ > Cyt.c 
I \: \ 

ADP .--.. -· 1· ····· --- - · ATP 
: 1 r 

Cyt.O,A a
3
--'. --·· , 02 

J 

(From Saxena and Aleem 1972) CN -- ..-
,· 
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Such a pathway could provide a means by which some organic compounds 

could influence the oxidation of t h io sul phat e and the production of ATP 

a nd NJ\.DH
2 

. 

1 • 6. AIMS AED EXPERTIIIENTAL APPROACH USED I N THE PRESENT STUDY . 

The a im of the pre sent study wa s to investigat e the effect of a range of 

organic compounds on t he growth of s elected specie s of chemolithotrophic 

bact eria and also to study the met a bolism of s elected organic compounds . It 

vms hoped th9.t such a study would contribute to an understanding of the 

distinctive f eature s of obligat e autotrophs, namely their inability to 

utilise organic compounds a s an energy-source or a s a ca rbon-source , and 

their sensitivity to inhibition by a wide variety of organic compounds. In 

order to r eveal thos e char acteristics which ar e specifically r elated to the 

nature of obligat e autotrophy it was proposed to compare an obligate 

autotroph with a closely r el at ed f aculta tive autotroph. As mentioned 

earlier the genus Thiobacillus is an obvious choice for such a compar ative 

study, since it conta ins appar ently closely-rel at ed f acultative and obligat e 

a utotrophs. 

Facultative species of thiobacilli tha t have been clearly r ecognize d 

a r e T. novellus and T. intern~. Both of the se , by the available criteria , 

have r el a t ed obligat e autotrophs. One of these pairs wa s chos en, namely 

that of T. novellus and T. thioparus; the other pa ir wa s T. intermedius 

and T. thio-oxidans. 

ThG extent of the "facultative" o.nd " obligut e" nature of each of the se 

species was first r e- examined since a liter ature search r eveals that, 

particularly in the ca se of T. novellus, this ha s not be en thoroughly 

investigated and ther e are some contra.dictions. 

A thorough examination of the effect of various organic compounds as 

substrates, inhibitors a nd stimulators on solid media was used to establish 

the "obligate" and "f"acultative" f eature s of each organism. The effect 

of certain selected compounds was then examined in liquid culture to 

quantitate these findings, and possibly provide, from the growth curve shape, 

some idea of the possible nature of any inhibitory effects. 
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At t he same t ime a compcrison of t he di stribution of '14c -
l abe l from various l abelled compounds i n t he t wo organisms, under simila r 

condit ions wa s unde r taken in an attempt t o reveal any met abolic 

differ enc es . 

The a lter ations indu ced in the l abelling pa tterns, by heterotrophic 

grov~ h fo r T. novellus and by growth in the pr e s ence of the inhibitor 

for !!_thioparus, might give a clue a s t o the di f f er ences that r esult 

in obligat e aut otrophy . 




