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INTRODUCTION 

Methanogenic bacteria play an important role in the anaerobic 

mineralization process of organic matter. Anaerobic degradation of 

complex organic compounds results in the production of acetic acid, 

formic acid, methylamines, methanol, hydrogen, carbon monoxide and 

carbon dioxide (the acetogenic/hydrogenic phase). In the terminal step 

these compounds are converted by the methanogens into methane (1,2). 

This conversion is essential to the whole mineralization process: it 

prevents acidification of the ecosystem and by renoval of hydrogen the 

growth of microorganisms is promoted which convert the intermediate 

fermentation products e.g. butanol, propionic acid, lactic acid, into 

acetic acid and hydrogen. Methane is recycled into carbon dioxide by 

methane-oxidizing bacteria or by oxidation in the troposphere. Thus 

methanogens are essential in the global cycle of carbon (3). 

The habitats of methanogens cover a wide range of anaerobic environ

ments such as marine and fresh water sediments, peat bogs, swamps, 

sewage sludge, paddy fields and the rumen or cecum of herbivors. In a 

number of these cases methanogens are found in epi- and endosymbiotic 

association with protozoa (4,5). Methane production has been observed 

as well in temperate glacier ice as in hot water springs and even in 

cultures grown at 250oC (6). The ecology of methanogenesis was recently 

reviewed by several authors (1,2,7,8). 

Methanogenic bacteria are at one hand a physiologically coherent 

group as to the ability to produce methane and therefore classified by 

Barker (9) and Bryant (10) into one family: the methanobacteriaceae. 
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At the other hand they are extremely heterogeneous in other phenotypic 

traits, e.g. they can be gram positive or gram negative, long or short 

rods, single cocci or In chains, or sarclnae. On the basis of a compa-

ritlve study of 16S rRNA sequences of methanogens and other bacteria 

Woese and Fox (11) recognized methanogenic bacteria as phylognetically 

distant from the typical bacteria (eubactena) as are the eucaryotes. 

Consequently they are supposed to belong to a third primary kingdom of 

living systems, the archaebacteria (12) , and were classified in orders 

and families (13) . Besides the methanogens the archaebacteria include 

some other bacteria living in extreme environments and sharing many of 

the methanogenic characteristics (14): the aerobic extreme halophiles 

(e.g. Halobacterium), the thermophilic acidophiles (e.g. Thermoplasma 

and Sulfolobus) and the thermophilic anaerobes (e.g. ThermoproteuB (15), 

DeeulfUroooccus (16) and Pyrodictium occultum (17)). Apart from rRNA the 

archaebacteria have many other distinct features. The cell wall 

comprises three types (pseudomurein, protein and heteropolysaccharide) 

and composite forms. By contrast to murein, as found in other bacteria, 

which contains N-acetylmuramic acid and D-amino acids, pseudomurein 

contains N-acetyltalosaminuronic acid and only L-amino acids (18,19). 

Consequently methanogens lack the sensitivity to antibiotics such as 

penicillin and to lysozyme (20,21). The composition of cell membranes 

is also distinct from the typically eubacterial: instead of esters of 

glycerol and fatty acids, gycerol ethers of polyisoprenoid hydrocarbons 

and squalenes occur (22) . Furthermore, thymidine and dihydrouracil are 

absent in the common arm of tRNA (23) and the transcription system (24) 

and translation (25) are also distinct. Moreover, methanogens possess a 

unique set of coenzymes which participate in methanogenesis, and which 
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will be discussed hereafter. For more detailed discussions of archae-

bacteria the reader is referred to recent reviews (13,26,27,28). 

Bi-oohemistry of methanogeneais. 

All methanogens are obligate anaerobes which gain their energy for 

growth from the conversion of substrates into methane according to the 

following equations: 

CO2 + 4H2 + СНц + 2H20 (1) 

4HC00H •* СНц + 2H20 + ЗСОг (2) 

4СО + 2Η20 ->· CHi, + ЗСО2 (3) 

CH3COOH -»• СНц + С02 (4) 

4СНэОН •* ЗСНц + С02 +2Н20 (5) 

4CB3NB2 + 2Н20 •* ЗСНц + С02 + 4NH3 (6) 

2(СНз>2МН + 2Н20 •+ ЗСНц + СОг + 2ННз (7) 

4(СНэ)зМ + бНгО -f 9СНц + ЗС02 + 4иНэ ( ) 

Almost all methanogens isolated thus far can reduce carbon dioxide to 

methane using hydrogen as an electron donor (eg. 1). About half the 

species can use formate (eq. 2). Growth on solely carbon monoxide was 

recently observed (eq. 3) but the compound is preferentially converted 

mixotrophically. Most of the Methanosapdna species may also grow on 

acetate (eq. 4), methanol (eq. 5) or methylamines (eq. 6-8). 

Most of the current knowledge of methanogenesis mentioned hereafter 

is obtained from studies with strains of Methanobacterium theunoauto— 

trophicum (grown on H2/CO2) and of Methanosaraina barkeri (grown on 

H2/CO2, methanol or acetate). 

In 1956 Barker (9) proposed a scheme to account for methanogenesis 

from H2/CO2, formate, methanol or acetate. He considered reduction of 
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СОг formally to proceed via carrier bound intermediates at the level of 

formate, formaldehyde and methanol. With the discovery of various novel 

coenzymes as electron or Ci carriers this scheme has been adapted 

several times (29,30,31). The most recent scheme for methane formation 

from various substrates and biosynthesis of acetyl-coenzyme A for cell-

carbon synthesis (Fig. 1) is proposed by Vogels et al. (32,33). 

According to this scheme COj is activated by pyruvate dehydrogenase, 

which was found to produce pyruvate from acetyl-coenzyme A and СОг (34). 

Pyruvate would then be bound to a carrier, possibly a pterin derivative, 

in analogy to the binding of pyruvate to thiamin pyrophosphate. The 

carboxyl group is subsequently transferred to CDR factor (29,30) and 

reduced to the formyl level. The structure of CDR factor was recently 

elucidated by Leigh (35) and found to contain a primary amine to which 

a formyl group can be bound. Conversion of the formyl group into methane 

was dependent on the presence of methanopterin (MP). This compound was 

first described by Keltjens and Vogels (36) and its structure was 

recently elucidated by van Beelen et al. (37). A yellow fluorescent 

compound (YFC) which was found as a primary radiolabeled product upon 

incubation of cells or cell-free extracts with
 1I,
C02 or

 1ц
СНэОН (3Θ) 

was identified by the studies of Keltjens et at. (39) and van Beelen 

et al. (40) as a derivative of methanopterin, viz. 5,10-methenyltetra-

hydromethanopterin (5,10-methenyl-THMP). Based on the resemblance of 

these compounds with folate derivatives the participation of a folate-

like biochemistry in the metabolism of methanogenesis was proposed. It 

was assumed that reduced methanopterin, гг. tetrahydromethanopterin 

(THMP) accepts the formyl group of CDR factor forming 5,10-methenyl-

THMP, which via 5,1O-methylene-ТНМР is reduced into 5-methyl-THMP. 
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Fig. 1 Process of methanogenesis as proposed by Vogels et 
al. (32,33). 

Subsequently the methyl group of the latter compound is transferred to 

coenzyme M (2-mercaptoethanesulfonic acid), forming methylcoenzyme M 

(2-(methylthio)ethanesulfonic acid). Coenzyme M was the first novel 

coenzyme demonstrated to be involved in methanogenesis (41,42). Its 

methylated form was shown to be a very specific substrate in the last 
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reduction step. (43,44). In M. thermoautotrophicum and Metkanobacterium 

bryantii this reduction is performed by methylcoenzyme M methylreductase, 

an enzyme complex which consists of three components, viz. A, B, and С 

and needs a catalytic amount of ATP (45,46). Component A is oxygen-

sensitive and exhibits hydrogenase activity, and was recently (47) 

resolved into three protein fractions and FAD. Component В is a heat-

stable, oxygen-sensitive low molecular weight cofactor with an 

unidentified structure. Component С was identified as the methylcoenzyme 

M methylreductase (48,49) and is an oxygen-stable protein containing 

cofactor Fi)3o as a prosthetic group (50). This cofactor is a Ni-

tetrapyrrole (51-54) and was shown to contain coenzyme M derivatives 

(55) and 6,7-dimethyl-8-ribityl-5,6,7,8-tetrahydrolumazine (56). The 

latter group may be biosynthetically derived from riboflavin (A. Pol, 

unpublished results). The methylcoenzyme M methylreductase complex of 

W. bavkeri was also resolved into three components: a component B-like 

compound was purified which exhibits an absorption maximum at about 260 

nm which can act as an electron-carrier between coenzyme M and benzyl-

viologen (A. Pol, unpublished results). Apart from being the substrate 

in the ultimate step, methylcoenzyme M exerts an effect on the primary 

step of methanogonesis:.in cell-free extracts of M. thermoautotrphicum. 

CO2 reduction is activated transiently by addition of methylcoenzyme M 

(57). This phenomenon is called the RPG effect. Wolfe (29,58) suggested 

that the final step of methanogenesis is coupled to the C02-binding 

reaction. Besides methylcoenzyme other compounds exert a similar effect. 

A number of these compounds (e.g. malate, phosphoenolpyruvate, oxalo-

acetate) are metabolically related to pyruvate (58). This fact and the 

observation that methylcoenzyme M also has a stimulating effect on 
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conversion of ΊΉΜΡ (59) and the synthesis of acetyl-coenzyme A from CO2 

(60) led Vogels et al. (32) to propose the involvement of methylcoenzyme 

И in a replenishing reaction to compensate for the withdrawal of inter

mediates of the CO2-activation cycle (Fig. 1); such intermediates are 

consumed in biosynthesis of cell carbon. They assume the synthesis of 

acetyl-coenzyme A via ethenyl-THMP which is derived by condensation of 

methenyl-THMP and methylcoenzyme M either in a direct way or via free 

or bound methylcorrinoids. Condensation of Cj units for the biosynthesis 

of cell carbon was also suggested by Kenealy and Zeikus (61). Moreover, 

Fig. 1 comprises the pathways of methanogenesis and cell carbon synthesis 

from acetate (via acetylphosphate) and methanol (via corrinoids). So 

synthesis of cell carbon and methanogenesis are interwoven processes. 

The anabolic routes of cell carbon synthesis in methanogens were 

studied by Zeikus et al. (62), Fuchs and Stupperich (63) and Heimer and 

Zeikus (64). ITie process of methanogenesis was recently extensively 

reviewed (7,29,65). 

Energy coneervation and electron carriers. 

Substrate-level phosphorylation is thought (32) to be involved in 

methanogenesis from acetate and methanol. Analogously to tetrahydrofolate-

mediated reactions the conversion of methenyl-THMP into formate may 

result in the production of ATP. From a thermodynamically point of view 

the last step in methanogenesis, the reduction of methylcoenzyme M, is 

most suited for energy conservation through electron-transport phospho

rylation (66). Moreover, this final step is the only common reaction 

used during growth on all other methanogenic substrates. Therefore 

Vogels and Visser (33) proposed a vectorial reduction, made possible by 
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an anisotropic location of the methylcoenzyme M methylreductase system 

in the membrane. In this way the reduction is coupled to charge 

separation and ATP synthesis driven by a proton-motive force. 

Electron transport for this process must be mediated by electron 

carriers; however the pathway of electrons to the methylcoenzyme M 

reductase system is poorly studied. An important electron carrier in 

methanogens is coenzyme Ρι,ιο (Fig. 2; 67,68), a 5-deazaflavin which is 

highly fluorescent when oxidized. This property was used to identify 

methanogens (69). Coenzyme Fuzo acts as the electron acceptor from 

hydrogen and formate in the hydrogenase and formate dehydrogenase 

reactions, respectively (70-72). 

0 O(j0 coo
e
 о coo* 

CH, CH CH CH CHj 0 P-0 CH С NH CH CH, СИ, с-нм-си 
I OH ». OH (̂

 C H j 

Ö 

Fig. 2 Structure of coenzyme Fi»20 (from Eirich et at. , 67) 

Coenzyme Гцго also mediates the reduction of NADP +
 (34,70,72,73) and is 

the electron donor in two crucial reactions in cell carbon synthesis 

from CO2> viz. a-ketoglutaratedehydrogenase and the aforementioned 

pyruvate dehydrogenase (34,64). Coenzyme Гц20 was also suggested to be 

the immediate electron donor in the reduction of methylcoenzyme M to 

methane (48,49). However in a more purified system reduced coenzyme 

Fi,2 0 did not reduce methylcoenzyme M (47). Coenzyme Fmo was found also 

outside the kingdom of archaebacteria: in Streptomyces gviseus it acts 

as a cofactor of the photoreactivating enzyme (74,75) and in S. 
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aureofaciene it was demonstrated to function in the biosynthesis of 

the antibiotic 5 ,ll
a
-dehydrochlortetracycline (76). The structure 

and physicochemical properties of coenzyme F иг о and two of its 

derivatives are subjects of Chapter 2 of this thesis. 

Corrinoide. 

Apart from being a possible key intermediate in the aforementioned 

acetyl-coenzyme A synthesis (32) methylcorrinoids have been claimed to 

be involved in methyl transfer in methanogenesis itself. This involve

ment as well as the structure of the cornnoids from methanogenic 

bacteria are the subjects of Chapters 3 through 6. of this thesis, and 

a general introduction of the structure and known biological functions 

of corrinoids is given here. 

The basic structural unit of corrinoids (B12) is a substituted 

tetrapyrrole macrocycle linked together by three methine bridges and 

one direct bond (porphyrins possess four methine bridges) (Fig. 3). 

This unit, called corrin, contains a cobalt ion coordinated to the 

nitrogens of the pyrroles. A ribonucleoside is attached to the 

propanolamine (at the C-17 propionic acid residue) through a 

phosphodiester linkage. The base of this nucleoside is usually the 

heterocyclic 5,6-dimethylbenzimidazole, but many other bases haven been 

found (77). The base may coordinate at the fifth coordination position 

of cobalt and is called the a-ligand. In case of Co(III)-Bi2 a sixth 

coordination place may be occupied by the so-called 0-ligand. For 

vitamin 812, cyanocobalamin, which was the first isolated corrinoid, 

the ß-ligand is cyanide. This ligand appeared to originate from 

accidentally present cyanide. Only two corrinoid forms are known to 
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Porphyrm 

H / N-o-^^Q 

Fig. 3 Structure of B12« R denotes a 0-llgand 

perform a biological function, viz. the coenzyme forms with a methyl-

or S'-deoxyadenosyl-group as S-ligands. Such a function was first 

demonstrated by Barker et al. (78,79) for 5'-deoxyadenosyl-Bi2 in the 

enzymic interconversion of glutamic acid and ß-methylaspartic in 

CloBtridium tetanomorphum. This reaction turned out to be representative 

for the 5'-deoxyadenosyl-Bi2 mediated rearrangements. Such rearrangements 

may be regarded as the migration of a hydrogen from one carbon to an 

adjacent one m exchange for a migrating group R. R may stand for 

a. hydroxyl, in diol and glycerol dehydrase, 

b. amino, in a-(and 8-)lysine and ornithine mutase and in ethanolamlne 

araonia-lyase, 

c. acyl, in methylmalonyl-coenzyme A mutase or, 

d. alkyl, in glutamate mutase and 2-methyleneglutarate mutase. 
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It is generally accepted that an enzyme-catalyzed hemolysis of the 

carbon-cobalt bond of S'-deoxyadenosyl-Bj^ leads to the appearance of 

Co(II)-Bi2 and a free 5'-deoxyadenosyl radical (80-82). This radical 

abstracts the migrating hydrogen from the substrate forming S'-deozyade-

nosine and a substrate radical. After migration of R by a not well-

understood mechanism, which might involve interaction with the Co(II)-

Bi2, the substrate radical retrieves a hydrogen from 5'-deoxyadenosine 

to form the product (Fig. 4). However, Schrauzer proposed an ionic 

.CH.R 

Ε·Μ — 

.CH,R 
e-lco] 

CH,R 

E-fci] 

- b — E .CH,R E CH.R 

ΊΡο] N [aj 

/PH /Ρ
Ε ΐΗ,Η E СН,Я 

4[CoJ Ч М 

Fig. 4 Mechanism for S'-deoxyadenosyl-B^ mediated rearrange
ments; E = Enzyme, SH = substrate, PH = product, 
СНэК = 5'-Deoxyadenosine, [co]-CH2R = 5'-deoxyadeno-
syl-Bi2 (taken from ZagalaJc, 80) 

mechanism by the involvement of a heterolysis of the carbon-cobalt bond 

in S'-deoxyadenosyl-B^ dependent rearrangement reactions. In this case 

the powerfully nucleophilic Co(I)-Bi2 and 4',5'-anhydroadenosine 

participate as the catalytic intermediates. 

Ribonucleotide reductases with S'-deoxyadenosyl-B^ as a coenzyme 

catalyze the transfer between two different substrates, a ribonucleotide 

and a dithiol (a thioredoxin-system). Again, free radical as well as 

ionic mechanisms haven been proposed involving Co(II)-Bi2, 5'-

deoxyadenosyl and thiolradicals or Co(I)-Bi2 and a thiol group, 

respectively (83,84). 
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Co-methyl-corrinoids are supposed to be involved in acetate synthesis 

in the anaerobic homo-acetoqenic bacteria. These organisms grow hetero-

trophically, e.g. on hexose, and/or autotrophically on H2/CO2, formate, 

methanol or carbon monoxide forming preferentially acetate as a 

fermentation product. Several aspects of the process of acetogenesis 

(reviewed by Wood et al. (85)) and methanogenesis have striking 

resemblances, as was recently reviewed by Zeikus (65), and a strong 

relationship of metabolic routes, although using an almost completely 

different set of coenzymes was suggested by Vogels and Visser (33) . One 

of these aspects is the formation of acetate by condensation of two 

Ci-compounds. In Cloatridium thermoaoetioum it is claimed that the 

methyl group present in methyl-corrinoid and derived from methyl-

tetrahydrofolate, condenses at the corrinoid, with an "active" CO2 

group, derived from pyruvate or with bound carbon monoxide (85). 

According to Vogels and Visser (33) this active one-carbon group may 

represent formyl- or methenyl-tetrahydrofolate in analogy to methenyl-

tetrahydrometanopterin in acetyl-coenzyme A synthesis via ethenyl-THMP 

in methanogenesis (Fig. 1). 

Methyl-corrinoids are also involved in the biosynthesis of methionine 

in many microorganisms .and mammals (77) . The corrinoid transfers the 

methyl group of 5-methyl-tetrahydrofolic acid probably as a carbonium 

ion to homocysteine; in the catalytic cycle a Co(I)-Bi2 derivative is 

thought to be an active intermediate (Θ6). 

Analogously, methyl transfer from methyl-corrinoids is observed in 

methanogenic bacteria; coenzyme M acts as the methyl accepting thiol 

compound in this instance. Recently, van der Meijden et al. (87) showed 

that this methyl transfer is an intermediate step in the conversion of 
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methanol to methylcoenzyme M in M. barkeri. Its role in other methanogens 

has not yet been established; as mentioned afore (Fig. 1) the reverse 

reaction was suggested by Vogels et al. to operate in the biosynthesis 

of acetyl-coenzyme A from methylcoenzyme M via ethenyl-THMP. 

Outline of this etudy. 

In order to establish the position of the hydroxyl group in the 5-

deazaisoalloxazine part of coenzyme Fi^o its biochemical and physico-

chemical properties were compared to those of chemically synthesized 

derivatives (Chapter 2). 

The presence of corrinoids in methanogenic bacteria has been noticed 

for some twenty years and their possible involvement in methanogenesis 

was discussed several times. However, definite knowledge on the 

composition of the corrinoids was still missing. Therefore the basic 

structure of the corrinoids, viz. the cobamide part and the a-ligand, 

as present in W. barkeri, were studied (Chapter 3 and 4). 

In addition the identity of the β-ligands was investigated in order 

to identify corrinoids active in the metabolism of methanogens (Chapter 

5). The formation of methyl-corrinoid in methanogenesis from methanol 

was studied (Chapter 6). 
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COMPARISON OF COENZYME Гц20 FROM METHANOBACTEHIUM BRYANTII 

WITH 7- AND 8-HYDROXY-10-METHYb-5-DEAZAISOALLOXAZINE 

SUMMARY 

Syntheses of 7-hydroxy-10-methyl-5-deazaisoalloxazine (7-HMDI) and Θ-

hydroxy-lO-methyl-5-deazaisoalloxazine (β-HMDI) are described. The physico-

chemical and biological properties of 8-HMDI, in contrast to those of 

7-HMDI, are very analogous to those of Рцго» a coenzyme found in 

methanogenic bacteria. 

INTRODUCTION 

In the proposed structure of Fi,2o (the N-(N-L-lactyl-Y-L-glutamyl)-L-

glutamic acid phosphodiester of 7,8-didemethyl-8-hydroxy-5-deazaribo-

flavine-í-phosphate) from Methanobacteritm bryantii the structure of 

the heterocyclic ring (8-hydroxy-5-deazaisoalloxazine) was assigned on 

the basis of NMR spectra and comparison of its UV spectrum with that of 

8-hydro)cy-FMN (1). Some uncertainty remained about the position of the 

hydroxy group, which was most probably located at carbon-θ, but a 

carbon-7 position could not be excluded. To obtain unequivocal proof 

both 7- and 8-hydroxy-10-methyl-5-deazaisoalloxazine (7-HMDI and 8-HMDI) 

were synthesized and their physicochemical and biological properties 

compared with those of Fi,2o· While this study was in progress Ashton et 

al. (2) reported on the synthesis and biochemical properties of 7,8-

didemethyl-8-hydroxy-5-deazariboflavine and a-demethyl-S-hydroxy-S-
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deazariboflavin, but they did not include a 7-hydroxy derivative in the 

comparative study of these compounds with FO, a hydrolytic derivative 

of Рцго-

R,lñL + Л н — R,ÎÔI Л н 

СИ 

l D 

г 

H 
сн, " сн, 

(I) 3 (Ш (Ш) 3 

IDMF 
[poctj 

R ·Η . R2 = 0 H : 8-HMDI formed * 0 

R,»OH R2 = Η : 7-HMDI form«! ' ^ i f j l l Ί" 

С Hi 
( I V ) 

MATERIALS AND METHODS 

Synthesis of 7- or 8-HMDI was performed in analogy to the method of 

Yoneda et al. (3) by mixing para- or meta-hydroxy-N-methylaniline (I) 

with 6-chlorouracil (II) and heating for half an hour at 120
o
C. Crystal

lization of the products leaves colourless crystals of (III) with melting 

points at 335°C and 312
e
C (decomp.), respectively. The obtained products 

were dissolved in dimethylformamide (DMF) and treated with POCI3 at СГС. 

Stirring for one hour and heating then at 100'
>
C for half an hour gave 

7-HMDI as orange and 8-HMDI as yellow crystals (IV) with melting points 

above 360
o
C. 

Proton NMR spectra were obtained on a Bruker, model WH-90 spectro

meter, UV-visible spectra on a Gary model 118 spectrophotometer and 

fluorescence data on a Aminco Bowman spectrofluorimeter. pK values were 
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estimated spectrophotometrically as described previously (1). Redox 

measurements were performed by Potentiometrie titration in a three-armed 

anaerobic cuvet equipped for anaerobic addition of gases and liquids, 

and for simultaneous measurement of the absorbancy at the appropriate 

wavelength and redox potential with a calomel and platinum electrode. 

Janus green (-25Θ mV), neutral violet (-340 mV), riboflavin (-208 mV) 

and Нг (-421 mV) were used as reference. 7-HMDI and B-HMDI were reduced 

by Hz and cell-free extract of M. bryantii and after replacement of Hz 

with oxygen-free N2, oxidation was performed by anaerobic titration 

with ferricyanide or oxygen. The pH was kept constant with 50 mM phos

phate buffer. 

M. bvyantii was grown as describe previously (4). Preparation of 

cell-free extract and the assays of hydrogenase and NADP-linked hydro-

genase were performed as reported earlier (5). 

RESULTS AND DISCUSSION 

Fig. 1 presents the UV-visible spectra of 7-HMDI in its four ionic 

forms. These spectra differ strongly from those of 8-HMDI, which in 

turn appeared to be identical to those of Fi,2 0» apart from blue shifts 

up to 3 nm and molar extinction coefficients 0.6-0.7 times those of 

Гц20 (Table I). Whereas reduced 8-HMDI and Рцго have an identical 

absorption band at 320 run, reduced 7-HMDI absorbed maximally at 313 nm; 

both values were measured at pH 7.0. Striking differences were observed 

between 7-HMDI on one hand and 8-HMDI and Fii 2 0 on the other hand as to 

the fluorescent properties, the pK values of the hydroxy group (8.2 

and near 6.0), proton NMR spectra and the redox potentials. Itierefore, 
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Tabi· I. Phyalcochialetl proparti·· of 7-BHDI, B-BMBI and Г 

Proton пив* 

рв o.i 

UV-vlalbla 
propartlaa pB 4.4 

.. .a*-
1
«-

1
) »•

 9
·

β
> 

рВІЗ.5 

pK таіиаа chroaophoro 

Radox potanti«! (av) 

Fiuoroacanca
9
 pB 4.4 

pi 9.8 

7-ВИОІ 

In DHSO In D20
b
'
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5 
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Fig. 1 UV-visible spectra of 7- and 8-HMDI 

tile physicochemical properties of Θ-HMDI, in contrast to those of 7-HMDI, 

are very consistent with those of Рцго· 

Hydrogenase present in cell-free extract of W. bryantii reduced 

7-HMDI and Θ-HMDI with apparent IC-values of 65 and 100 uM and V 0.7 

ш max 

and 0.3 times that of Тцгсі respectively. Itiese values compare very well 

with the values (within parentheses) found for F»2o (25 μΜ) and its 

hydrolytic fragments FO (100 μΜ) and F (100 μΜ). In spite of the fact 

that hydrogenase appears to react in a rather aspecific way as to the 

electron acceptor used, in accordance with the results reported 

previously (5), the rather low к -values for deazaisoalloxazines may 
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indicate that they are preferred substrates. Chemically reduced 7-HMDI, 

8-HMDI and Fi,2o were only slowly oxidized by oxygen in accordance to 

observations with 5-deazaflavins (6). However, when reduced by cell-free 

extract of M. bryantii, reduced 8-HMDI and Рцго can be partly oxidized 

by the addition of oxygen, but the reoxidation rate became very slow 

when redox potentials higher than about -340 mV were reached. These 

results suggest that hydrogenase can use reduced 8-HMDI and Fi, 2 0 as 

electron donors and oxygen as electron acceptor. This may reflect a 

way in which methanogens can remove traces of oxygen, which is toxic 

for these strictly anaerobic organisms. Possibly due to oxidation of 

the enzyme the enzymatic function of hydrogenase is inhibited at redox 

potentials higher than about -340 mV. Moreover this inhibiting effect 

could explain why 7-HMDI, with a redox potential of -275 mV, cannot be 

reoxidized in this way. Reoxidation of 7-HMDI could be performed with 

ferricyanide, which is rather surprising because this oxident is known 

to react very slowly with deazaflavins (6). 

8-HMDI could replace Fi,2 0 in the NADP-linked hydrogenase assay which 

was found to be specific for F 1,20 and some closely related derivatives 

(5,7) . Probably due to the high redox potential as compared to NADP 

(-320 mV) 7-HMDI could not replace Гц20 in this assay. 7-HMDI inhibited 

the 8-HMDI mediated NADP reduction slightly: a 10% inhibition was 

observed when a 4-fold molar excess of 7-HMDI, as compared to 8-HMDI, 

was used. So the NADP-linked hydrogenase assay differentiates between 

7-HMDI on one hand and 8-HMDI and ¥1,211 on the other hand. 

From the physicochemical and biological properties of 7- and 8-HMDI 

it may be concluded that the structure assignment of Fi»2 0 as a 8-hydroxy 

derivative of 5-deazaisoalloxazine was correct. 
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CORRINOIDS FROM METHANOSARCINA BABKERI: ' 

STRUCTURE OF THE α-LIGAND 

SUMMARY 

S-Hydroxybenzimidazole is the only base detected in cobamide compounds 

from methanol-grown Methanoearcina barkeri. S-Hydroxybenzimidazolyl-

cobamide accounted for about 83 and 90% of the total corrinoids of whole 

cells and cell-free extracts, respectively. Probably, the rest of the 

corrinoids are base-less. 

INTRODUCTION 

The possible involvement of corrinoids in the metabolism of methano-

genic bacteria was studied by Blaylock and Stadtman (1,2) who observed 

that methylcobalamin could be used as a substrate for СНц formation in 

cell-free extracts of these bacteria. The identification of methyl-

coenzyme M (3-7) as the substrate of the final step of methanogenesis 

made the role of methylcobalamin as methyl donor in methanogenesis very 

questionable and Gunsalus (Θ) and Wolfe (9) pointed out that also no 

ABBREVIATIONS: HBI, S-hydroxybenzimidazole; Вхг-НВІ, 5-hydroxybenzimi-
dazolylcobamide; Вц-тНВ!, 5-methoxybenzimidazolylcobamide; TLC, thin-
layer chromatography; HP!/;, high-performance liquid chromatography; UV, 
ultraviolet; NMR, nuclear magnetic resonance; TMS, tetramethylsilane; 
CCE, crude corrinoid extract. 
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evidence exists for a physiological role of corrinoids in methyl transfer 

leading to the formation of methane in hydrogen-grown cells. Recently, 

Shapiro (10) reported indications that such a transfer is not involved 

in the biosynthesis of methylcoenzyme M or CHi» from methanol by 

Methanoearcina barken. However, many authors (2,10,11) have pointed to 

the high amounts of corrinoids present in M. barkeri, and recent studies 

may implicate a possible involvement in the final steps of methanogenesis 

(12-14) or in acetate synthesis or catabolism (15). 

Friedrich and Bernhauer (16-19) reported that the a-ligand of a 

predominant corrinoid present in sewage sludge differed from the common 

corrinoids: 5-hydroxybenzimidazole (HBI) was present instead of 5,6-

dimethylbenzimidazole. This corrinoid, called Factor III, was identified 

by Lezius and Barker to be present in Methanobaaillue omelianakii (20), 

a syntrophic association of Methanobaoterium bryantii and the S organism 

(21). 

This study is the first to describe the isolation and structural 

analysis of the a-ligand of the corrinoids from a pure culture of 

methanogenic bacteria. 5-Hydroxybenzimidazole is the only ligand found 

in M. barkeri. 

The term Factor III is also used to denominate 20-methylsirohydro-

chlonn (22), an intermediate in cobyrinic acid biosynthesis. Because 

of this ambiguity we will use the term B12-HBI instead of Factor III in 

this report. 
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MATERIALS AND METHODS 

M. barkeri strain MS (DSM 800) was cultured on methanol as substrate 

and cell-free extracts were prepared as described by Hutten et al. (23); 

CN-B12 was omitted from the growth medium. 

Isolation of the oorrinoida and conversion to their cyano-foim. 

36 g cells (wet weight) of M. barken were mixed with 11 ml of water. 

To the suspension 0.01% KCN in methanol was added up to a final methanol 

concentration of 80%. The mixture was heated for 20 min at 80°C and then 

centrifugea at 10 000 χ g for 20 min at 4"С. The pellet was suspended 

in 175 ml of 80% methanol containing 0.01% KCN, heated and centrifugea 

twice more as described above, after which the third pellet and super

natant were colorless. The combined supernatants were concentrated to 

dryness by flash evaporation. The residue was dissolved in water and 

loaded on an Amberlite XAD-2 column (IS χ 1.5 cm). The column was 

washed with water and the adsorbed corrinoids were eluted with 50% 

aqueous methanol. The corrinoid fraction was flash evaporated to dryness 

and dissolved in a few ml of water. The resulting corrinoid solution, 

which will be referred to as the crude corrinoid extract (CCE), was 

applied to a QAE-Sephadex A-25 (CI" form) column (50 χ 2.5 cm), 

equilibrated with water. The predominant compound present in CCE appeared 

to be CN-BJ2-HBI, which was eluted with water. Elution was continued 

with a linear gradient of NaCl (0-0.5 M) . Besides some faint red bands 

only two purple bands were observed, which slowly turned red and became 

very diffuse while moving down the column. These compounds, which" 

presumably are corrinoids, were not further investigated. CN-B12-HBI 

37 



was further purified by chromatography on a SP-Sephadex C-25 column (30 

χ 2.6 cm) equilibrated with 10 mM sodium citrate, pH 4.0, and was then 

desalted on Amberlite XAD-2 as described above. 

For HPLC analyses, corrlnoid preparations of cell-free extracts were 

obtained essentially as described above for whole cells; a Sep-рак Cie 

cartridge (Waters Associates, Inc.) was used instead of the Amberlite 

XAD-2 column. 

Acid hydrolysis of СИ-В-ц-ЯВ!. 

4.6 μπιοί of purified CN-B12-HBI were hydrolyzed in 4 ml 6 N HCl for 

4 h at 150
o
C in an evacuated fused glass tube (10 χ 1 cm). The hydro-

lysate was flash evaporated to dryness; to remove HCl 5 ml of water was 

added and evaporated three times. The residue, containing HBI, was 

dissolved in water and applied to a Dowex 50 W (H ) column (12 χ 0.7 cm) 

The base was eluted by an increasing concentration of HCl, as described 

for the nucleotide obtained from Bia-mHBI, which contains 5-methoxyben-

zimidazole as the a-ligand (18). Corrinoids were eluted just after the 

base and a brown band stuck to the column. The concentrated solution of 

the base was pink, which indicates that a small amount of contaminating 

corrinoids was still present. This solution was used for the spectro

scopic studies. 

Analytical procedures. 

Ultraviolet-visible light spectra were obtained with a Cary model 

118 spectrophotometer. For quantitative determinations the following 

extinction coefficients at the indicated wavelengths were used: ε seo = 

10.2 χ 10
э
 M"

1
cm"

1
 for (CN)2-B12-HBI and total corrinoid in 0.01% KCN; 
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esso = θ.65 χ ΙΟ
3
 M"

1
cm"

1
 for CN-B12-HBI; ε2ββ = 7.1 х Ю ' Μ

-1
!™"

1
 for 

HBI (pH i 2). l
H-NMR spectra were obtained with a Bruker model WH 90 

spectrometer. HPLC was performed on a reverse-phase Cie column eluted 

with a gradient of 0-50% methanol in 10 mM potassium acetate, pH 6.0 as 

described previously (24). Phosphate was determined by the method of 

Fiske and SubbaRow as described by Bartlett (25). Protein was determined 

by the method of Lowry (26). 

Synthesis of S-hydroxybenzimidazole. 

1.5 g of 4-methoxy-0-phenylenediamine hydrochloride (Aldrich Chemical 

Co.) was refluxed with 10 ml formic acid (98%) for 2 h at 105
o
C. The 

resulting reaction mixture was concentrated by flash evaporation to a 

dark brown oil. To remove residual formic acid 5 ml of water was added 

and evaporated three times. This crude preparation of 5-methoxybenzimi-

dazole was hydrolyzed in 5 ml 6 N HCl for 2 h at 150
o
C in an evacuated 

fused glass tube (10 χ 1 cm). HBI formed was purified on a Dowex 50 W 

(H
+
) column (15 χ 1.5 cm) as described above. The free base of HBI was 

prepared by passing the HCl form through a Amberlite IR-4B (OH~ form) 

column in water and was purified by three-fold crystallization from hot 

water. Elemental analysis gave C, 62.6%; H, 4.5%; N, 20.6%. Calculated 

values for C7H6N2O were C, 62.7%; H, 4.5%; N, 20.9%. Ultraviolet-visible 

light spectra, isosbestic points and extinction coefficients in 0.1 N 

HCl and 0.1 N NaOH were the same as those reported for HBI by Friedrich 

and Bernhauer (17). 
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RESULTS AND DISCUSSION 

Extraction of corrinoids. 

Extraction of 36 g wet cells of W. Ъагкеть with methanol and subse

quent isolation of the corrinoids by Amberlit XAD-2 yielded 7.2 umol of 

total corrinoid in the crude corrinoid extract (CCE); the presence of 

contaminating compounds absorbing at 580 ran may result in an over-

estimation. This amount is equivalent to about 1.3 runol corrinoid per 

mg cell (dry weight) and was one third of that found by Krzycki and 

Zeikus (11) for methanol-grown M. barkeri. Further purification of CCE 

on QAE- and SP-Sephadex yielded 6 ymol of CN-Bjj-HBI; this represents 

a 83% molar recovery as a compound with HBI as the a-ligand. The purity 

of CN-B12-HBI was checked by TLC and HPLC (detection at 220 nm) and was 

estimated to be over 98%. Probably the rest of the corrinoids are base

less. In agreement with this view purple compounds were observed in CCE. 

These compounds are most probably dicyanocorrinoids and turned red on 

chromatographic treatment by the loss of one cyano group; in contrast 

to base-containing dicyanocorrinoids, base-less dicyanocorrinoids turned 

out to be rather stable under the conditions applied. 

Properties of CN-B ц-НВІ. 

CN-Bi2-HBI and (CN)z-Bij-HBI, which was obtained by conversion of the 

former in 0.01% KCN, exposed spectra (Fig. 1) which were identical to 

those reported by Friedrich and Bemhauer (16,27) . The peak shifts from 

295 to 308 nm (pK = 9.85 ± 0.15) for CN-B12-HBI (Fig. 1A) and from and 

from 292 to 312 nm (pK = 10.2 ± 0.15) for (CN)2-Віг-НВІ (Fig. IB) are 

indicative for HBI as the a-ligand. The latter pK value of the uncoor

dinated base agrees well with that found for the nucleotide obtained 
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Fig. 1 Ultraviolet-visible light spectra of ΟΝ-Βχι-ΗΒΙ (pH 
7.0) (solid line) and (CN)2-B12-HBI (pH 11) (dashed 
line). Inserts represent UV part of the spectra of 
CN-BJ2-HBI (A) and (CN)2-B12-HBI (B) at the indi
cated pH values. 

from B12-HBI by Friedrich and Bernhauer (pK, about 10.5) (18). Thus, 

coordination of N-3 of the base, as present in CN-B12-HBI, results in a 

lower pK value as was also observed for the nucleotide of Bi2-HBI when 

N-3 was methylated (1Θ). 

On the basis of the amount of phosphate present the extinction 

coefficients of CN-B12-HBI and (CN)2-B12-HBI were determined to be £550 

= 8.65 χ 10
3
 M^cm"

1
 (pH = 7) and eseo - 10.2 χ IO

3
 M"

1
cm"

:l
 (pH > 9), 

respectively. 

41 



10 50 6.0 70 80 90 100 110 120 

pH 

Fig. 2 Extinction coefficients of the absorption maxima as 

a function of pH for authentic (solid line) and 

isolated (dashed line) HBI. 

HPLC analysis of aorrinoids obtained from cell-free extracts. 

In order to trace the presence of corrinoids of the B12 or B12-HBI 

type a corrinoid extract was prepared from cell-free extracts and HPLC 

analysis was performed. 3 nmol total corrinoid per mg protein was 

obtained, a value also found by Shapiro (10). By the use of CN-B12-HBI 

as a standard 90% of the corrinoids could be identified as CN-B12-HBI, 

but CN-B12, which separates well from CN-B12-HBI in the HPLC-system, 

could not be detected at all. 

Identification of 5-hydroxybenzimidazole. 

By the method oulined in Materials and Methods 4.6 ymol HBI was 

obtained from 4.6 ymol of purified CN-B12-HBI. At all pH values between 

1 and 12, the spectra of the isolated HBI were nearly identical to those 

of HBI synthesized as described above. The spectrophotometrically 
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estimated pK
a
 values were the same for both materials (pKi = 5.7 ± 0.1, 

рКг = 9.9 ± 0.1) (Fig. 2) and are in agreement with the values deter

mined electrometrically by Friedrich and Bemhauer (17) . Fig. 3 shows 

the H-NMR spectrum, signal assignment and coupling constants of 

authentic HBI, which appeared to be identical to those of isolated HBI, 

apart from minor resonances below 5 ppm (data not shown). The coupling 

constants JE , 7 and Ji,, s agree well with those found for the correspon

ding protons in 8-hydroxy-5-deazaflavins (28-30). The coupling corres

ponding to Ji,,? was not reported for the latter group. 

Піе C'-S instead of а с'-6 position of the hydroxy group in B12-HBI 

may be derived from a comparison with the characteristic spectral data 

(18,31) of 5- and 6-hydroxy (or methoxy) substituted 1-methyIbenzimidazoles. 

H — » " · 

—^*»*^f.^^^VV^-^i 4 

10 

Fig. 3
 1
H-NMR spectrum of 4 vmol authentic HBI in 0.6 ml 
O2O. Values adjacent to the protons indicate the 
chemical shift from TMS in ppm. The arrows give the 
coupling constants (Hz) between the indicated protons. 
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5-HYDROXY-l-cl-RIBOFURANOSYLBENZIMIDAZOLE AND COBINAMIDE: 

THE BASIC ELEMENT OF THE CORRINOIDS FROM METHAHOSARCINA BARKERI 

SUMMARY 

•nie corrinoìds from Methanosarcína barkeri, which contain 5-hydroxy-

benzimidazole as the a-ligand, were hydrolyzed by cerous hydroxide into 

the nucleoside part, cobinamide part, and phosphate which were obtained 

in equimolar amounts. After purification the nucleoside was identified 

as 5-hydroxy-l-a-ribofuranosylbenzimidazole by comparison of its 500 

MHz 1H-NMR spectrum with that of 5,6-dimethyl-l-a-D-ribofuranosylbenzi-

midazole. The cobinamide part proved to be identical to that of 5,6-

dimethylbenzimidazolylcobamide. 

INTRODUCTION 

Recently we reported (1) on the isolation of the corrinoids (as their cyano 

form) from Methanoearcina barkeri, which contain 5-hydroxybenzimidazole (HBI) 

as the only a-ligand present and were called B12-HBI derivatives. B12-HBI, 

S-hydroxybenzimidazolylcobamide, is identical to Factor III, which was first 

ABBREVIATIONS: HBI, 5-hydroxybenzimidazole; B12-HBI and Factor III, 5-
hydroxybenzimidazolylcobamide; DMBI, 5,6-dimethylbenzimxdazole; B12-DMBI, 
5,6-dimethylbenzimidazolylcobamide; UV/VIS, ultraviolet-visible light; HPLC, 
high-performance liquid chromatography; lH-NMR, proton nuclear magnetic 
resonance. 

49 



described by Friedrich and Bernhauer (2-6) as a predominant corrinoid m 

sewage sludge, and was later found to be present in Methanobaaitlus omelianskii 

(7) , which is a synthrophic association of Methemobaateriwn bryantii and the 

S-organism (8), and in M. barkeri (9,10). Evidence has been provided (3) that 

Bi2
-
HBI (Factor III) had the same cobinamide part as 5,6-dimethylbenzimida-

zolylcobamide (B12-DMBI). For the nucleotide (or nucleoside) part of B12-HBI no 

conclusive data have been presented concerning the identity of the substituent 

at N-l of the base (HBI), although Shunk et al (11) have given some evidence 

for the presence of a ribofuranosyl group. In the present paper we describe the 

isolation and identification of the cobinamide and nucleoside parts of Βχ2-ΗΒΙ. 

MATERIALS AND METHODS 

Matepiala. 

SP-Sephadex C-25 and CM-Sephadex C-25 were purchased from Pharmacia Fine 

Chemicals (Uppsala, Sweden). Sep-рак C
l e
 cartridges were obtained from 

Waters Associates, Inc. CN-B12-DMBI was obtained from Sigma Chemical Company 

(St. Louis, USA), Dowex 50W-X8 from Baker Chemicals B.V. (Deventer, Holland) 

and Ce(NOa)э.6H2O from Jterck-Schuchardt A.G. (Darmstadt, FRG). 

Hydrolysis of СН-В\г-НЫ with serous hycboxide. 

CN-B12-HBI was extracted from M. barkeri strain MS (DSM BOO), purified 

as described previously (1), and hydrolyzed essentially according to 

Friedrich and Bernhauer (12). To 11.0 ymol of CN-B12-HBI in 1 ml water the 

following additions were made: 1.2 ml of 0.333 M Се (Шэ) э .6H2O, 0.Θ ml of 

1% KCN and 1 M NaOH (about 1.4 ml) until pH 10.5 was reached. The suspension 
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was stirred at room temperature for 10 h; meanwhile pH waá kept at 10.5 with 

1 M NaOH and aliquots were taken for analysis by means of HPLC-system I. 

Then the reaction mixture was centrifuged at 0°C for 10 min at 10 000 χ д. 

The pellet was suspended in 10 ml of water and the resulting suspension was 

adjusted to pH 10 and centrifuged again. After a third washing a greyish 

pellet was obtained. The combined supernatants were adjusted to pH 5.0 and 

passed through a Sep-рак Cie cartridge, separating the nucleoside and 

phosphate from the adsorbed corrinoids, which were eluted with 50% aqueous 

methanol, pH 3.0, concentrated to dryness by flash evaporation and dissolved 

in water. 

Purification of the nualeoeide, S-hyih^xy-l-a-ribofuranoeytbenzimidasole. 

The nucleoside fraction (Sep-рак C\t eluate) was concentrated to dryness 

by flash evaporation, dissolved in 4 ml water and subsequently chromato-

graphed as described by Renz (13) on a column (15 χ 2.6 cm) of CM-Sephadex 

(H
+
-form) equilibrated with water. The column was washed with 0.5 1 water 

eluting phosphate and ultraviolet light-absorbing material, which originated 

from CN-B12-HBI and Се (Юэ) э .бНгО, respectively. Then the nucleoside was 

eluted by 2 M ammonium hydroxide; the nucleoside fraction was evaporated 

to dryness, dissolved in water and after neutralization subjected to a 

preparative chromatography by means of HPLC-system III. For
 1
H-NMR spectro

scopy the nucleoside fraction was lyophylized four times from H2O. 

Purification of cyanoaquocobinamide from B12-HBI. 

The corrinoid fraction of the CN-B12-HBI hydrolysate was applied to a 

cooled (4
0
C) column (30 χ 2.6 cm) of SP-Sephadex (Na

+
-fonn) equilibrated 

with water. Unreacted CN-B12-HBI was eluted with water after which three 
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minor comnoid fractions were eluted with 20 mM sodium phosphate buffer, 

pH 7.0. The two cyanoaquocobinamide isomers were eluted and separated with 

the same buffer containing 0.1 M sodium chloride. The fractions obtained 

were desalted by means of Sep-рак Cia as described above. For
 1
H-NMR 

spectroscopy the pooled isomers were lyophilized four times from H2O. 

Isolation and purification of 5,6-dimethyl-l-a-D-in-bofiiran08ytbenzimidazole 

and ayanoaquoaobinamide from CN-B12-DMBI. 

10 pmol of CN-Bj^-MUSI were hydrolyzed with cerous hydroxide overnight 

as described for CN-B12-HBI. The supernatant of the hydrolysate was adjusted 

to pH 4.0 with acetic acid and the nucleoside was separated from the 

corrinoids by a Dowex 50W-X8 column (7x1 cm) as described by Lezius (7). 

The nucleoside fraction was concentrated by flash evaporation and subjected 

to a preparative chromatography by means of HPLC-system II. Methanol in the 

resulting nucleoside fraction was flash evaporated and phosphate was removed 

by adsorbing the dissolved nucleoside on a Sep-рак Cie cartridge, which was 

subsequently washed with water; the nucleoside was eluted with 50% aqueous 

methanol and lyophylized three times from H2O. The UV/VIS spectral 

properties of the nucleoside (Table 1) were very similar to those of the 

(cyclic) nucleotide reported by Friedrich (14) . The corrinoid fraction of 

CN-B12-CMBI was adsorbed on and eluted from a Sep-рак Сю cartridge as 

described above and purified by chromatography on a SP-Sephadex column as 

described for the corrinoid fraction of B12-HBI. 

Analyses. 

Ultraviolet^visible light spectra were obtained with a Gary model 118 

spectophotometer. For quantitative determinations the following molar 
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extinction coefficients at the indicated wavelength were used: esso = 8.65x 

10
3
 for CN-Bjz-HBI at pH 7.0 (1), esso = 10.2xl0

3
 for the dicyano form of 

cornnoids (1), etgit = .5х10
э
 for cyanoaquocobinamide (Table 1), and егеа = 

5.4xl0
3
 for 5-hydroxy-l-a-ribofuranosylbenzimidazole at pH S 2; the latter 

extinction coefficient was taken from the cyclic nucleotide (15). 

HPLC was performed essentially as described previously (16). A reverse-

phase Cia column (LiChrosorb RP18) was eluted with a linear gradient of 

0-50% methanol in 25 mM potassium acetate, pH 6.0 (BPLC-system I), or in 10 

mM potassium phosphate, pH 6.0 (HPLC-system II), or with a unbuffered 

gradient of 0-50% methanol (HPLC-system III); the run time of the gradient 

was 20 min. 

NMR. 90 MHz 1
H-NMR spectra were recorded at 28°C on a Bruker WH90 spec-

trometer using pulse Fourier transform mode, and 500 MHz H-NMR spectra on 

a Bruker WM-500 spectrometer at 27"C interfaced with an ASPECT-200 computer 

and a real-time puiser board. The residual HO H solvent resonance was 

suppressed by applying the HEFT pulse sequence (17,18). Chemical shifts are 

expressed relative to the H0
2
H resonance for which a value of 4.77 ppm was 

taken. 

Phosphate was determined by the method described by ЕІЫ and Lands (19). 

RESULTS AND DISCUSSION 

Hydrolysis of 11.0 umol CN-B].2-HBI by cerous hydroxide, which splits 

phospoesters, was followed in time by analysis of aliquots of the reaction 

mixture by means of HPLC-system I (Fig. 1). The hydrolysis procedure was 

originally performed by Friedrich and Bernhauer (3,12,20) at pH 8.6 or lower 
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0.00 «-

10 20 
elution time (min) 

Fig. 1 HPLC analysis of the hydrolysis of CN-B12-HBI with 
cerous hydroxide after 2.5 h. System I was used and 
detection was at 240 ran. a and b, compounds origina
ting from Се(НОз)з.6H2O; с, 5-hydroxy-l-a-ribofurano-
sylbenzimidazole; d, СИ-Вц-НВІ; e, this peak was 
observed right at the start of the experiment and 
since it was not observed when Се(Шэ) э .6H2O or 
cyanide were omitted from the reaction mixture it 
presumably represents the Ce Î phosphate complex of 
(CM)2-B12-HBI; f and g, the cyanoaquocobinamide isomers. 

but at higher temperatures (50 or 100oC). We performed the procedure at room 

temperature and observed hardly any hydrolysis below pH 10 and complete 

hydrolysis at pH 10.5 needed about 12 h. Using purified samples as references 

and HPLC-system I as an analytical tool we measured the production of 5-hydroxy-

l-ot-rxbofuranosylbenzimidazole and cyanoaquocobinamide in a 1 (± 0.1) : 1 molar 

ratio. Moreover, 9.5 gmol phosphate was measured in the nucleoside fraction 

obtained at this hydrolysis; an equimolar amount of cobinamides (9.7 ymol) was 

obtained upon chromatography of the corrinoid fraction (next section). 
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Identification of cyanoaquocobinamide. Chromatography on SP-Sephadex of the 

corrmoids obtained upon hydrolysis of 11.0 ymol CN-Bi2-HBI yielded 1.1 pmol 

unreacted material and 9.0 ymol cyanoaquocobinamide. In addition three corrinoid 

fractions, together 0.7 ymol, were obtained of which two were eluted as purple 

bands, which once collected slowly turned red. The resulting three products 

could not be distinguished from cyanoaquocobinamide by UV/VIS spectroscopy or 

HPLC analysis. Whereas one of those products may represent dicyanocobinamide, 

the other ones might represent cobinamides which differ as to the side chains 

which may be hydrolyzed into carboxylic acids as a result of the rather high 

pH applied (21). The purple dicyanocobinamides, which proved to be rather 

stable at neutral pH especially in the presence of cyanide, are present due to 

incomplete conversion of these hydrolytic products into their cyanoaquo forms; 

this conversion was brought about by chromatography of the hydrolysate on Sep-

pak Сю· As reported before (22) cyanoaquocobinamide separated well into its 

two coordination-isomers upon chromatography at low temperature; 3.6 and 5.4 

umol were obtained by us in two consecutive fractions. After concentration at 

30°C and desalting, both fractions gave the same two peaks upon analysis by 

HPLC-system I, which suggests isomerization of both fractions. Consistently 

the UV/VIS spectra in water measured for both cyanoaquocobinamide fractions 

were indistinguishable, as were those of both cyanohydroxy- and dicyano-forms, 

obtained from the cyanoaquo form (Table 1). 

Chromatography of the corrinoids obtained upon hydrolysis of CN-B12-DMBI 

yielded the cyanoaquocobinamide isomers in the same way and with identical 

UV/VIS spectral and chromatographic (HPLC-system I) properties as those obtained 

from CN-B12-HBI (Table 1). The spectral data of the cyanoaquocobinamides agreed 

well with those reported by Friedrich (23). The
 1
H-NMR spectra at 90 MHz of the 

pooled cyanoaquocobinamide isomers obtained from CN-B12-HBI and CN-B12-DMBI 
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Table 1. Ultraviolet-visible light spectral data of cobinamides and nucleosides 

from B12-HBI and B12-DMBI 

Compound pH Extinction maxima and coefficients 

run (ε, іііМ~
1
сш~

1
) 

cyanoaquocobinamide
a
 6.5 526(7.9),494(8.5),404(4.θ),354(27.4),320(10.7), 

305(sh
b
),274(10.8) 

cyanohydroxycobinamide
a
'
C
 12.0 550(9.9),517(8.9),415(3.2),361(23.4),325(sh), 

309(8.4),276(10.8) 

dicyanocobinamide
a
'
d
 12.0 580(10.2),539(8.8),415(2.2),367(31.1),350(sh), 

311(10.5),305(10.7),276(11.2), 

5-hydroxy-l-cx-rlbo- 2.0 288.5 (5.4
е
) 

furanosylbenzlmidazole 7.5 291(4.0),248(6.3) 
13.0 315(4.2),260(sh),252(sh) 

5,6-dimethyl-l-oi-D-ribo- 1.8 284.5 (7.4) ,276.5 (7.8
е
) 

furanosylbenzlmidazole 11.8 287.5(4.9),278.5(4.9),280.5(sh),249(7.0) 

obtained from both CN-B12-HBI and CN-B12-DMBI,· the extinction coefficients 
given were related to that of dicyanocobinamide at 580 nm for which the value 
(10.2) of (CN)2-Bi2-HBI at 580 nm was taken (1).

 b
sh = shoulder.

 c
obtained from 

cyanoaquocobinamide by raising pH to 12. as
 c
, and in addition 0.01% KCN was 

added.
 e
this value was taken from reference (15) and used to determine the 

other ε values. 

were indistinguishable and agreed with that reported by Hill et al (24), 

including the two resonances at 6.52 and 6.44 ppm, which were assigned to the 

Cm protons of the two positional isomers. From these data it may be concluded 

that the cobinamide part of B12-HBI is identical to that of B12-DMBI; this 

sustains the findings reported for Factor III, for which this was inferred (3) 

mainly on the basis of chromatographic and UV/VIS spectral properties of the 

obtained cobinamide. 

Identification of S-hydroxy-l-a-ribofupanosylbemimidazole. The UV/vis 

spectra of the purified nucleoside of B12-HBI at different pH values (Fig. 2, 

Table 1) were very similar to those reported by Friedrich for the 2'(3')-

nucleotide (3) and cyclic 2',3'-nucleotide (15) of Factor III. The pKg values, 

derived from these spectra for the ionization of the phenolic group and 

protonation of N-Э were 10.1 ± 0.1 and 5.25 ± 0.1, respectively, and agree 
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with the corresponding values for the cyclic nucleotide, 10.25 and 5.0, 

respectively (15). The C-5 position of the hydroxyl group of the nucleotide 

and nucleoside has been established on the basis of the marked differences in 

spectral properties between C-5 and C-6 substituted 1-raethyl-benzlmidazole 

(5.11). 

The 500 MHz
 1
H-NMR spectra of the nucleosides from B12-HBI and B12-DMBI and 

the assignment of the resonances are given in Fig. 3. The chemical shifts of 

the resonances attributed to H-2, H-4, H-7 of the DMBI moiety and to H-l• (H-l 

of the ribose moiety) agree rather well with those reported for 5,6-dimethyl-

l-atand-BJ-^'-deoxyribofuranosytlbenzimidazole (H-2, 8.4 ppm; H-4, 7.4 ppm; 

H-7, 7.4 ppm; and H-l', 6.3 ppm) (25); those of the HBI moiety, in particularly 

that of H-2, are shifted as compared to those reported previously for HBI (1), 

260 2Θ0 300 

wavelength (nm) 

Fig. 2 Ultraviolet light spectra of 5-hydroxy-l-a-ribofura-
nosylbenzimidazole in water at the indicated pH 
values 
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OH DK "-ІЬ.ЭЧ 

B.l 02 60 76 76 7t, 72 70 66 66 6 t " 2t 22 
chemical shift (ppm) 

Fig. 3. 500 MHz iH-NMR spectra of 5-hydroxy-l-a-ribofuranosylbenzimidazole 
and 5,6-dimethyl-l-a-D-ribofuranosylbenzimidazole. Upper track, H-l' to H-5' 
region of the spectra of both nucleosides; H represents the respective bases 
HBI and DMBI. Middle track, DMBI part. Lower track, HBI part. The chemical 
shift values (ppm) and proton assignment of the resonances are indicated at 
the resonances. The coupling constants (Hz) are given by the arrows in the 
structural formulas. СНэ-5, CH3-6, H-4, H-7 of the DMBI part, and H-S^ and 
H-5^ are designated arbitrarily. 
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obviously as a result of the presence of the substituent at N-l. "Піе chemical 

shifts and coupling constants (J) attributed to the protons of the ribofuranose 

moieties were identical for both nucleosides. Since differences in coupling 

constants are to be expected between a- and ß-anomers, especially for J ,, ,, 

as was observed for a- and ß-anomers of other aldoses (26) , it may be concluded 

that the nucleoside of B12-HBI is the a-anomer of 5-hydroxy-l-ribofuranosyl-

benzimidazole. This conclusion was affirmed by the fact that J , „ - , , 4.2 Hz, 
H —1 tO~¿ 

was quite different from that we observed in the 90 MHz spectrum of AMP (H-l, 

6.15 ppm; J , .,, 6.15 Hz), which is the S-anomer of a ribofuranoside with 
H—1 ,H~2 

a N-glycosyl bond. The present data do not allow assignment of the D- or L-form 

for ribose. However the fact that all the structural elements except the base 

(HBI) of B12-HBI were identical to those of B12-DMBI, for which the D-

configuration has been established (27), makes the D-configuration highly 

probable. 
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CORRINOIDS FROM METHANOSARCINA BABXERI: 

THE B-LIGANDS 

SUMMARY 

The 5-hydroxybenzimidazolylcobamide (B12-HBI) derivatives from 

Methanoeaxvina barkeri were isolated. SO3
2
", CN", H

2
O

F
 NHa and СНз" 

were identified as ß-ligands. Two Bi 2-HBI compounds with unidentified 

fl-ligands were found, of which one constituted a major part of the 

corrinoid content. 5'-Deoxyadenosyl was found as a B-ligand of a 

corrinoid without a-ligand. Biosynthesis of СНэ-Віг-НВІ was observed 

in cell-free extracts and depended on methanol and ATP. 

INTRODUCTION 

Since the observation of Blaylock and Stadtman (1,2) that Co-methyl-

5,6-dimethylbenzimidazolylcobamide (CHi-Bu-DMBI) could be used as a 

substrate in methanogenesis, the role of cobamide derivatives has been 

discussed several times (3-9). An intermediary position in methanogenesis 

ABBREVIATIONS: Bu-HBI, 5-hydroxybenzimidazolylcobamide,· B12-DMBI, 5,6-
dimethylbenzimidazolylcobamide; HBI, 5-hydroxybenzimidazole, and DMBI, 
5,6-dimethylbenzimidazole, are the a-ligands; Factor III synonym for 
B12-HBI; UV/VIS, ultraviolet-visible light; coenzyme M, 2-mercapto-
ethanesulfonic acid; TES, N-tris(hydroxymethyl)-methyl-2-aminoethane-
sulfonic acid; HPLC, high performance-liquid chromatography. 
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had not been demonstrated until van der Heijden et al. (10,11) recently 

provided evidence that the methanol: coenzyme M methyltransferase system 

of Methanoearcina barkeri strain MS contains a Bi2-protein which could 

be enzymatically methylated by methanol. 

Less attention has been paid to the structure of corrinoids as 

present in methanogens. These corrinoids have been suggested to be 

5-hydroxybenzimidazolylcobamide (B12-HBI) derivatives (12-14). Recently 

(15) we reported that 5-hydroxybenzimidazole (HBI) is the only o-ligand 

found in M. barkeri strain MS and Hdllriegl et al. (16) claimed that 

the Co-methyl and Co-aquo derivatives of B12-HBI are the major natural 

corrinoids in M. barkeri strain Fusaro. 

This study describes the isolation and characterization of B12 

derivatives with different β-ligand as obtained from M. barkeri strain 

MS grown on methanol, and the biosynthesis of the methyl derivative in 

cell-free extracts. 

MATERIALS AND METHODS 

Отдсспівт. 

Methanoaarcina barkeri strain MS (DSM 00) was cultured on methanol 

as substrate and cell-free extracts were prepared in 10 mM TES/K
+
buffer, 

pH 7.2, as described by Hutten et al. (17); CN-B12-DMBI was omitted 

from the growth medium. 

Isolation of corrinoide. 

All steps were carried out in the dark or in dim light. 170 g wet 

64 



cells of M. barkeri were suspended In 2 1 anaerobic 50 mM sodium 

phosphate buffer, pH 7.0, and centrifuged for 20 min at 10 000 χ д. The 

pellet was suspended in water (50% wet cells) and methanol was added 

up to a final concentration of 80% (v/v). The mixture was made anaerobic 

in 1 1 serum bottles, heated at 0°С for 20 min, then cooled and 

centrifuged at 4°C for 20 min at 10 000 χ д. The pellet was suspended 

in 500 ml 80% aqueous methanol, heated and centrifuged again; after a 

third treatment the supernatant was colourless. The resulting pellet 

was extracted in the same way with 80% aqueous methanol containing 0.02% 

KCN; a reddish supernatant and a colourless pellet were obtained. The 

supernatants obtained in the three treatments with 80% aqueous methanol 

were pooled and concentrated by flash evaporation at 30°C. The resulting 

slurry was centrifuged and applied to a DEAE-cellulose column (30 χ 5 

cm) equilibrated with 25 mM NaCl. The corrinoids were eluted with 25 mM 

NaCl in two fractions (I and II). Some red compounds sticked to the 

column as broad bands and could not be eluted even with 1 M NaCl and 

were not investigated further. Fractions I and II were desalted by 

passage through a column (15 χ 2 cm) of Amberlite XAD-2 (18). The 

column was washed with water and the adsorbed corrinoids were eluted 

with methanol/water/acetic acid (50/50/1; v/v). After evaporation of 

the solvent the fractions were purified separately by chromatography 

on a SP-Sephadex C-25 column (50 χ 3 cm) equilibrated with 10 mM sodium 

citrate buffer, pH 4.0. Out of fraction I a B12-HBI compound with an 

unidentified S-ligand (X-B12-HBI), CN-B12-HBI, a red fluorescent 

compound and CH3-B12-HBI were eluted successively with this buffer. At 

the moment that CN-B12-HBI left the column the elution was continued 

with 20 mM sodium phosphate buffer, pH 7.0, and H2O-B12-HBI, diaquo-
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cobinamide and NH3-B12-HBI were obtained successively. In separate 

purification procedures with cells from other batches a B12-HBI compound 

with another unidentifief ß-ligand (У-В12-НВІ) was eluted ]ust after 

CN-B12-HBI, and 5'-deoxyadenosylcobinamide(phosphate) was obtained 

before H2O-B12-HBI. Corrinoid fraction II contained only ЗОэ-Віг-НВІ, 

which was eluted with the equilibration buffer. The purity of the 

corrinoids was checked by means of HPLC, which was used also in further 

purifications. 

Sep-рак Cia cartridges were also used for purification and desalting 

of corrinoid solutions instead of Amberlite XAD-2. Before use the 

cartridges were extensively washed with methanol and water. Corrinoids 

were eluted with 50% aqueous methanol. Some corrinoids were only 

eluted when this eluant was acidified (pH < 3.0). 

Cy analysis. 

In order to obtain monocyano-forms of the corrinoids 0.01% KCN was 

added to a corrinoid solution (10-40 \iH) in 25 mM sodium phosphate 

buffer, pH 7.0. Dicyano-forms were obtained by raising pH to 12. 

Photolyeie of S'-deoxyadenosylcobinamide(phosphate). 

One tenth pmol of 5'-deoxyadenosylcobinamide(phosphate) or 5'-

deoxyadenosyl-B^-DMBI in 2 ml of water was exposed for 5 h to a 100 W 

incandescent lamp placed 20 cm from the sample under anaerobic 

conditions. Thereafter the solution was evaporated to a small volume 

and subjected to a preparative chromatography by means of HPLC-system I 

and detection at 260 ran. The major non-corrinoid product Ρχ from 5'-

deoxyadenosylcobinamide(phosphate) had an identical elution time (4.0 
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min) and migrated identically in TLC-system I (R
f
 0.69) and system II 

(Rf 0.35) as Ргf the product form S'-deoxyadenosyl-Bia-DMBI. On the 

basis of their UV spectra at pH 1.5, pH 7.0 and pB 11.5 it was concluded 

that Pi and Рг were B.S'-cycloadenosine, for which identical spectral 

data were reported (19,20). Essentially as described above, 5'-

aldehydeadenosine was isolated after aerobic photolysis of 5'-

deoxyadenosylcobinamide(phosphate) and 5'-deoxydenosyl-B^-DMBI. Its 

spectral identification was affirmed by the fact that it was converted 

into adenine and adenosine after acid hydrolysis and reduction with 

NaBH (21), respectively. Adenine and adenosine were identified by 

comparison of their chromatographic (HPLC-system II) properties with 

those of the authentic compounds (elution time 2.6 and 3.6 min, 

respectively). 

Cyanolyaie of S'-deoxyadenoeylcobinamidefphoaphate). 

0.12 pmol of 5'-deoxyadenosyIcobinamide(phosphate) in 2 ml water was 

cyanolyzed by adding 0.01% KCN. After incubation for 5 h in darkness, 

and neutralization and concentration of the solution, the products were 

preparatively chromatographed by means of HPLC-system II. The non-

corrinoid product was identified as adenine by its UV spectral properties 

and by analysis with HPLC-system II (elution time 2.6 min) and with 

TLC-system I (R
f
 0.55) and III (R

f
 0.49) and by comparison with the 

authentic sample. Two corrinoid compounds Ci (elution time 6.6 min) and 

Cz (elution time 22.0 min) were obtained and subjected to Се(0Н)з 

hydrolysis according to Bernhauer and Müller (22). 
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Bioayntheaia of CH3-B12-HBI. 

Cell-free extracts (15 mg protein/ml) were incubated with 5 mM ATP 

and 10 mM МдСІг under a hydrogen atmosphere for 15 min at 37
0
C. 

Thereafter methanol was added anaerobically by a syringe to a concen

tration of 10 mM and the incubation proceeded for 15 min. Then the 

corrinoids were extracted once with 80% aqueous methanol at 80°С for 20 

min, purified by means of Sep-рак C
l e
 cartridges and analyzed by means 

of BPLC-system III. 

Methane formation frem СЯз-Віг-ВВІ. 

200 ul of cell-free extract (20 mg protein/ml) were incubated with 5 

mM ATP, 10 mM MgCli and 5 mM mercaptoethanesulfonate (Coenzyme M) for 2 

h under a hydrogen atmosphere, after which methane production from 

endogenous substrates had ceased. Then 100 μΐ of CHj-B^-HBI (2 mM), 

and in separate bottles СНз-В^-ШВ!, were added and the incubation 

was proceeded. 

Syη theeев. 

СНз-В
12
-НВІ was synthesized essentially as described by Johnson et 

al. (23). 0.5 ymol CN-B12-HBI in 200 μΐ water was made anaerobic (24) 

in a capped serum bottle and reduced by addition of 50 μΐ of an anaerobic 

solution of NaBHi, (10 mg/ml) with a gas-tight syringe. After about 30 

min 70 yl of a 1% (v/v) solution of methyl iodide in methanol were 

added and the reaction mixture was immediately diluted with a few ml of 

water and passed through a Sep-рак Сц cartridge. The corrinoids were 

eluted, concentrated and purified by means of HPLC-system III. The 

yield of CH3-B12-HBI was more than 90%. 
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SOj-Biz-HBI was synthesized by adding sodium sulfite (final concen

tration 1 mM) to a solution of H2O-B12-HBI (50 yM) and heating at 70
o
C 

for 30 min, after which the reaction mixture was Chromatographed by 

means of HPLC-system III. The overall yield was more than 98%. 

ИНэ-Ві2-НВІ was synthesized with alimonia (final concentration 10 mM) 

as described for SOa-Biz-HBI. 

Analytical procedures. 

Ultraviolet^visible light epectra were obtained with a Сагу model 

118 spectrophotometer. For quantitative determinations the following 

molar extinction coefficients at the indicated wavelengths were used: 

ESSO = 8.65xl0
3
 for CN-B12-HBI at pH = 7.0, esto = 10.2х10

э
 for (CNJz-

B
1
2-HBI and for total corrinoid in 0.01* KCN (pH > 10) (15), ci,se = 

8.75xl0
3
 for 5'-deoxyadenosylcobinamide(phosphate) (25) and ezeo

 =
 13.6x 

10
3
 for adenine at pH = 7.0 (19). The ε values given in the figures 

were estimated by comparison of the extinction before and after 

conversion into CN-B12-HBI or into H2O-B12-HBI. 

Methane was determined by gas chromatography as described by Butten 

et al. (17). 

HPLC was performed on a reverse-phase Cis column (LiChrosorb RP18) 

eluted isocratically with 18% (HPLC-system I) or 20% (HPLC-system II) 

methanol in 10 mM sodium acetate, pH 4.0, or eluted with a gradient of 

0-50% methanol (HPLC-system III) in 25 mM potassium acetate, pH 6.0, as 

described previously (26). Eluted fractions were concentrated by flash 

evaporation and corrinoids were desalted by means of a Sep-pak Cie 

cartridge. 
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Thin-lay ер сЪготгЬодтарТщ (TLC) was performed on 20x20 cm plates 

coated (0.25 mm) with silica gel-60, containing the fluorescence 

Indicator Fis», from Merck. Plates were developed with methanol/acetic 

acid/water (100/2/100, v/v; TLC-system I), (80/1/140, v/v; TLC-system 

III) or n-butanol/acetic acid/water (80/20/100, v/v; TLC-system II). 

Corrinoids could be separated very well on silanized silica gel plates 

from Merck, by the use of methanol/acetic acid/water (30/60/10, v/v) as 

a solvent, as described by Fenton (18). After separation adenine and 

its derivatives. Pi and Pz, were visualized as dark spots under OV 

light or detected by staining with the o-toluidine/KI spray reagent 

after СІ2 treatment (27). Adenosine was detected with a mixed 

diphenylamine-aniline reagent (28). 

Materiale. 

SP-Sephadex C-25 was purchased from Pharmacia Fine Chemicals 

(Uppsala, Sweden). DEAE-cellulose (grade DE-52) was from Whatman and 

Amberlite XAD-2 was from BDH Chemicals Ltd (Poole, England). Sep-pak 

Cis cartridges were obtained from Waters Associates, Inc. Sodium-2-

mercaptoethanesulfonate was obtained from Merck-Schuchardt A.G. 

(Darmstadt, FHG) and CH3-B12-DMBI from Sigma, Chemical Company (St. 

Louis, USA). 
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RESULTS 

Extraction and quantification of the corrinoids. 

In order to study the 8-ligands of the corrinoids as present in M. 

barkeri, cells were extracted with 80% aqueous methanol In the dark and 

in the absence of cyanide. The influence of different conditions was 

determined by performing single, small-scale extractions essentially as 

described in Materials and Methods. The corrinoids were analyzed by 

HPLOsystem III and identified as described in a next section. 

The HPLC profiles obtained after aerobic and anaerobic extractions 

A В 
at 80°C (Figs. 1 and 1 ) showed marked differences particularly as to 
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Fig. 1 HPLC analysis (system III, detection at 500 nm) of 

the corrinoids from M. barkeri extracted under anaero
bic (A) and aerobic (B) conditions with 80% aqueous 
methanol at BO'C 
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the relative amounts of CN-, SOa-, H2O- and X-B12-HBI. The latter two 

appear to be converted Into the former two by the presence of oxygen. 

Extraction of whole cells at room temperature or 50°C resulted in 

reduced conversion, but was far less efficient than extraction at BO'C. 

Extraction at 50°C of cells which have been passed through a French 

Pressure Cell (100 MN.m
2
) proved to be most satisfactory. Instead of 

80% aqueous methanol, 60% aqueous ethanol could be used as well. 

The anaerobic extraction procedure of cells at 80°C yielded 0.4-1 

nmol corrinoids/mg cell dry weight depending on the batch of cells 

used. This represents 70% of the total corrinoid content, which 

includes the amount of CN-B12-HBI found upon subsequent extraction in 

the presence of cyanide, and is of the same order as reported previously 

(1.3 nmol/mg cell dry weight) (15). 

The percentages of the different corrinoid forms were estimated 

spectophotometrically and are listed in Table 1. №ese percentages 

varied depending on the batch of cells; in the extraction of one batch 

5'-deoxyadenosylcobinamide(phosphate) and Y-B12-HBI were not detected 

whereas they both accounted up to 15% in an extraction of another batch. 

Bioeyntheeia of CE3-Bi2-HBI 

When cell-free extracts were incubated with methanol and ATP under 

a hydrogen atmosphere a rapid synthesis of СНэ-В^-НВ! from endogenous 

corrinoids was observed by means of analysis of the extracted corrinoids 

A В 
with HPLC-system III (Figs. 2 and 2 ). The CH3-B12-HBI peak was 

preparatively collected and identified as such on the basis of its 

spectral properties. Synthesis depended on the presence of ATP and 

methanol; hydrogen could be replaced by nitrogen when the extracts were 
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Fig. 2 HPLC analysis (system III, detection at 500 nm) of 
the corrinoids extracted from cell-free extracts of 
W. barkeri under aerobic conditions with 80% aqueous 
methanol at О^С, before (A) and after (B) incubation 
with methanol and ATP under a hydrogen atmosphere 

preincubated under hydrogen with ATP. After incubation the amount of 

СНэ-Віг-НВІ obtained by a single extraction was much higher (Fig. 2 ) 

than the total amount of corrinoids obtained before incubation (Fig. 

д 
2 ). This indicates a far better extractability of CH3-B12-HBI as 

opposed to the other B12-HBI forms. After the incubation the amount of 

CH3-B12-HBI accounted up to about 35* of the corrinoids extractable in 

the presence of cyanide. 

Identification of the corrinoide. 

In the UV-VIS spectrum of B12-HBI derivatives in neutral solution 
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Fig. 3 Ultraviolet-visible light spectra at HzO-Biz-HBI and 

OH-B12-HBI in water recorded at indicated pH values 

(Figs. 3-8) the presence of HBI is presumably visualized by the peak or 

shoulder at 290-295 nm (306 nm for SO3-B12-HBI) (Table 2). In contrast 

to the corresponding B12-DMBI derivatives the B12-HBI derivatives 

showed a shift of this peak to 320-325 nm (30Θ nm for CN-B12-HBI) as a 

result of the ionization of HBI at high pH values. The pK
a
 values 

estimated from these shifts are listed in Table 1. 

CN-Bn-HBI, isolated from cells or obtained by cyanolysis 
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Fig. 4 Ultraviolet-visible light spectra of ИНэ-Вц-НВ! in 
water recorded at indicated pH values 

of the other B12-HBI derivatives, was identified by comparison of its 

UV-VIS spectral properties and its chromatographic behaviour on HPLC-

system III (Tables 1 and 2) with those of the authentic compound (15). 

НгО-Ві2-НВІ, was identified on the basis of its UV-VIS spectral 

properties and of the fact that it was the aerobic photolysis product 

of all the other light-sensitive B12-HBI derivatives (Table 1). The 

spectrum (Fig. 3, Table 2) closely resembled that of H2O-B12-DMBI (29) 

75 



600 
wavelength (nm) 

Fig. 5 Ultraviolet-visible light spectra of SO3-B12-HBI in 
water recorded at indicated pH values 

and was almost identical to that reported for the aquo-form of cyano-

Factor III by Friedrich and Bemhauer (30) . In water H2O-B12-HBI was in 

an acid-base equilibrium with presumably OH-B12-HBI which had a spectrum 

(Fig. 3) similar to that of OH-B12-DMBI (29). The pKa value of this 

aquo-hydroxy equilibrium was estimated to be 7.6 (± 0.2) which is in 

agreement with values reported for the corresponding pK of H2O-B12-DMBI 

(31). As H2O-B12-DMBI, H2O-B12-HBI was immediately converted into the 
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500 600 
wavelength (nm) 

Fig. 6 Ultraviolet-visible light spectra of CH3-B12-HBI in 
water recorded at indicated pH values 

cyano- and dicyano-form upon cyanolysis under neutral and alkaline 

conditions, respectively. 

ffffj-, SO3-, CHI-B-LZ-HBI. The UV-VIS spectra of these B^-HBI 

derivatives (Figs. 4-6, Table 2) in neutral and acid solutions were 

very similar to those reported for the corresponding B12-DMBI 

derivatives (32). Their spectral Identifications were affirmed by the 

fact that the isolated compounds and the ones synthesized from CM- or 
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H2O-B12-HBI had identical UV-VIS spectral properties and pKa values, 

and behaved identical on HPLC-system III (Table 1). 

The "base-on'V'base-off" equilibrium (displacement of the base by 

water, due to protonation of N-3 of the base) exhibited the high pKa 

values for SO3-B12-HBI and CH3-B12-HBI (Table 1) to be expected for 

corrinoids with these ß-ligands (32). While conversion of ЗОэ-Віг-НВІ 

into CN-B12-HBI was completed within minutes, CH3-B12-HBI, as most 

alkylcorrinoids (32), and МНэ-Віг-НВІ were very stable towards cyanide 

degradation; incubation of СНз-Вц-НВІ (30 μΜ) with 0.02% KCN at B0°C 

did not result in the formation of CN-B12-HBI. СНэ-Віг-НВІ was rather 

stable towards sulfite degradation; more than one hour was needed for 

complete conversion of a solution (30 μΜ) into ЗОэ-Віг-НВІ by sulfite 

(10 mM) at 80
o
C. In the presence of oxygen, neutral solutions of NH3-, 

SO3-, and СНэ-Віг-НВІ were photolyzed into the aquo-form; light 

sensitivity increased in this order, as was observed for the correspon

ding B12-DMBI derivatives (32). СНэ-Віг-ОМВІ was photolyzed more rapidly 

(k = 0.45 m m
- 1
) than СНэ-Віг-НВІ (к = 0.3 min

-1
) . Anaerobice photolysis 

of a solution of CH3-B12-HBI resulted in products with Co(II)-corrinoid-

like spectra and the formation of methane and ethane, as was reported 

for СНэ-Вхг-ОМВІ (33). 

CH3-B12-HBI could be used as a substrate for methane formation in 

cell-free extracts of M. Ъаткегі; incubation under a hydrogen atmosphere 

with ATP and coenzyme M resulted in a stoichiometncal amount of 

methane, formed at the same rate as compared to СНэ-Віг-ВМВІ as the 

substrate (about one nmol/min/mg protein), which was less than one 

tenth of the rate observed when methanol was used as the substrate. 

These findings agree with those of Hutten et al. (6) who used СНэ-Віг-

DMBI as a substrate. 
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S'-DeoxyadenosyloobiTiamide(phosphate) had a UV-VIS spectrum (Table 

2) identical to that reported for 5'-deoxyadenosylcobinamide (25). Its 

anaerobic photolysis product (Pi) was Identical to that of 5'-dexoxyade-

nosyl-Bi2-DMBI (P2) and was identified as 8,5'-cycloadenosine, which is 

reported to be the non-corrmoid photolysis product of S'-deoxyadenosyl-

B12-DMBI (20). As is reported for the latter (21) 5'-aldehydeadenosine 

was identified after aerobic photolysis of 5•-deoxyadenosylcobinamide 

(phosphate) . 5 '-Deoxyadenosyl corrmoids react with cyanide yielding 

adenine (34). Accordingly, cyanolysis of 0.12 pmol adenosylcobinamide 

(phosphate) resulted in the formation of 0.10 pmol of adenine. The 

UV-VIS spectra of the resulting corrmoids Ci and C2 agreed well with 

those reported for the isomeric forms of cyanoaquocobinamide (35). 

However, only after hydrolysis of Ci and Cz with Се(ОН)э, which splits 

phosphoesters (36) , two corrmoids were obtained which on analysis by 

TLC-system III behaved identical to cyanoaquocobinamide obtained from 

CN-Bi2-DMBI, but sugar derivatives could not be detected. This suggests 

that the isolated cornnoid is a cobinamidephosphate derivate. The 

formation of 8,5'-cycloadenosine, S'-aldehydeadenosine and adenine by 

anaerobic photolysis, aerobic photolysis and cleavage with cyanide, 

respectively, clearly demonstrates the presence of the 5'-deoxyadenosyl 

moiety. 

Diaquocobinamide was identified merely on the basis of its UV-VIS 

spectrum (Table 2) (32). The presence of a sugar or phosphate was not 

investigated. The red-fluoreeoent compound with an absorption maximum 

at 460 nm could be very well a cobalt-free cornnoid (37) and could be 

the cause of the often observed red fluorescence of cells of M. barken 

upon epifluorescence microscopy. 
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Unidentified corrinoids. 

The UV-VIS spectra of two light-sensitive corrinoids, X-B12-HBI and 

Y-B12-HBI, with unknown 0-ligands are given in Figs. 7 and 8. X- and Y-

B12-HBI were rapidly converted into CN-B12-HBI by cyanide and yielded 

H2O-B12-HBI upon aerobic photolysis. For X-B12-HBI the pK value of the 

600 
wavelength |nm) 

Fig. 7 Ultraviolet-visible light spectra of X-B12-HBI in 
water recorded at indicated pH values 

Θ0 



"base-on"/"base-off" equiHbriuni could not be estimated accurately, 

because the compound hydrolyzed into H2O-B12-HBI at low pH values. A 

direct relationship between X- and Y-B12-HBI was observed. A concentrated 

solution of X-B12-HBI was aerobically photolyzed, subsequently placed 

in the dark overnight and the products were separated by means of HPLC-

system II. Besides H2O-B12-HBI as the major product Y-B12-HBI was 

spectrophotometncally identified as the minor product. 

Fig. θ Ultraviolet-visible light spectra of Y-B12-HBI in 

water recorded at indicated pH values. The extinction 
is expressed in arbitrary units (a.u.) 
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TABLE 1 

RELATIVE AIDUNTS AND SOHE PROPERTIES OF В ц - Н Ш DERIVATIVES FROH M. BARXEBI 

СатромпЛ 
R e l a t i v e S e n s i t i v i t y A e r o b i c p j ^ pK^ HBI E l u t i o n t i m ( e i n ) 
p e r c e n t a g e t o c y e n o l y a l s p h o t o l y a l a i o n l u t i o n "Ьавв-оп"/ RPLC-syetee I I I 

" b a s e - o f f " 

СК-Вц-НВІ 

BjO-Bu-HBI* 

« j - B n - H B I 

зо^вц-нві 

СИі-Ві2 - НВ1 

Я-Ви-НВІ 

Ι - Β 1 3 - Η Β Ι 

5 -Леажу«(1йпо«у1-
е с Ы л а ш і а е 
(pt ioq ihate ) 

d l a q u o c d b i n a a l d · 

•» 

9 . 5 +_ 0 . 1 5 1 5 . 4 

9 . 7 5 + 0 . 2 0 * 1 4 . 0 

9 . R 5 ^ 0 . 1 5 1 3 . 6 

2 . 9 + 0 . 1 5 1 0 . 5 5 + 0 . 1 5 1 0 . 6 

Э.Э + 0 . 1 5 1 0 . 4 0 + 0 . 1 5 2 0 . 4 

1 . 4 + 0 . 2 5 1 0 . 3 0 + 0 . 2 0 1 4 . 4 

1.Θ + 0 . 1 5 1 0 . 4 5 + 0 . 1 5 1 3 . 3 

F h o t o l y · ! · wae performed w i t h a 100 Η i n c a n d a a c e n t l a a p , p l a c e d 26 em f r o e t h e в а в р і е і 

e x c e p t In c a e e o f 5 ' - d e o v y a d e » o e y l c a b l n a a l < l e ( p h o a p a t e ) , BiO-Bia-BBI waa t h e p r o d u c t ) 

H a t e d v a l u e · w r a t h e f i r s t - o r d e r r a t e c o n s t a n t · M a a u r e d . 

pKa v a l u e s « e r e d e t e r m i n e d f r e e t h e s h i f t · In t h e UV-VIS a p e c t n m . 

: timm I n d i c a t e d by r e c o r d e r ( 2 6 ) . 

pK a - 7 . 6 f o r BjO-Bu-HBI Î ОВ-Вц-НВІ e q o l l l b r l t m . 

Determined f o r Ов-Вц-НВІ 

T h i · p e r c e n t a g e was o b t a i n e d from a n o t h e r b a t c h o f c e l l · . 

Adenine v a a t h e n o n - o o r r i n o l d p r o d u c t . 

5 - A l d o h y d e a d e n o s i n e was t h e n o n - c o r r i n o l d p r o d u c t ; f o r a n a e r o b i c p h o t o l y s i s Pi 

(B,S - c y c l o a d e n o a i n e ) was o b t a i n e d . 
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TABLE 2 

ULnUWlOLET-VXSIBLE LIGHT SPECTRAL DATA OF THE ISOLATED CORKINOIDS 

Extinction BBKiata and coefficients 

іш (e X KT'lT'cm"
1
) 

CN-Bu-HBI 7.0 549(6.65), 518(7.8), 407(3.6), 361(28.5), 322(8.14), 295(14.8), 2Β0(·1ι*) (13.8) 

11.5 550(9.1), 51818.1), 408(3.9), 362(29.6), 323(14.6), 308(14.2), 277(11.1) 

522(8.9), 497(8.4), 410(3.7), 351(27.0), 290(ah)(16.8), 274(18.5), 258(«h)(19.3) 

53219.7), S10(«h)(9.11, 418(4.2), 357(21.4), 300(.h)(14.8), 280(16.4) 

53519.9), S10(»h> (9.2), 418(4.4), 356(22.0), 325(18.3), 2β0(·1ι) (12.9) 

536(9.8), 515(9.4), 411(4.2), 35*01.2), 292(17.0), 275(A) (15.0) 

538(9.8), 515(9.4), 413(4.3), 357(30.7), 321(16.5), 305<ah)(14.3) 

535(8.8), 513(9.1), 417(5.5), 364(19.0), 307(21.7), 277(23.1), 262(23.9) 

540(8.9), 515(8.9), 419(5.3), 365(19.6), 325(23.5), 277(ih)(21.0), 265(22.4) 

460(Ml)(8.9), 420(9.8), 347(13.2), 317(21.5), 294(21.3), 261(27.3) 

518(9.3), 490(ah)(7.Θ), 375(12.2), 340(14.2), 305(ah)(17.3), 294118.4), 265(18.2) 

522(9.0), 490(ah)(7.5), 375(12.2), 338(th)(16.6), 318(18.4), 264(17.5) 

460(10.0), 375(9.4), 301(26.7), 263(24.8) 

538(8.7), 374(17.9), 343(17.8), 294(19.0), 253(22.7) 

538(8.7), 374117.9), 325(19.2) 

490(>h)(e.8), 336(17.9), 290(19.1), 260(23.8) 

525, 423, 375(.h). 335, 295, 262 

530, 421, 375(ah), 326, 262 

495, 430, 325, 295, 261 

458(8.75 ), 378(7.8), 315(ah)(19.0), 304(20.8), 263(34.1) 

dUquocobUUBid·
0
 7.0 517, 492, 462, 412, 347, 270 

ah * ahouldor 

Iba data of RHj-, SO s-, and CBj-Bia-HBI mra Identical to thoa· of tha eoapounda synthaaixad in thia atvtfy 

с valuea vara not detaxmlnad 

d 
The ease values vere found at pB 1.9 and 12.0 

Піів value was obtained fraa reference (25) and uaed to deteralne the other с values 

HiO-Bu-mi 

0B-B„-BBI 

ΝΒ,-Β,ι-ΒΒΐ" 

» . - B u - Œ l " 

са > -віа-яві ь 

i - B , 2 - m i 

Y-B11-BBIC 

coblnaaide 
(phoSFfcate) 

5 . 8 

8 . 9 

12.0 

6 . 7 

12.0 

7 . 0 

12.5 

1.5 

7 . 0 

12.5 

1.4 

6 . 0 

12.0 

0 . 7 

7 . 0 

12.5 

0 . 6 

7.0' 
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DISCUSSION 

CN-B12-HBI, H
2
0-B

12
-HBI, NH3-B

1
2-HBI, SO3-B12-HBI, CH3-B12-HBI, 

5'-deoxyadenosylcobinamide(phosphate) and diaquocobinamide were isolated 

from whole cells of W. barkeri and identified. In addition two as yet 

unidentified corrinoids (Х-Вхг-НВІ and Y-BJ2-HBI) were isolated. All 

B12-HBI derivatives are featured by the appearance of a peak at about 

325 пш in the UV spectrum, when the pH is raised to high values, as a 

result of the ionization of HBI. For protonation of N-3 of 5-hydroxy-l-

a-ribofuranosylbenzimidazole, isolated from CN-B12-HBI, the pK value 

was determined to be 5.25 (Chapter 4), which is more than half a unit 

higher than reported for the corresponding pK (4.7) of 5,6-dimethyl-

1-g-D-ribofuranosylbenzimidazole (З ). Accordingly, higher pK values 

were determined for the "base-on"/"base-off" equilibrium, representing 

the protonation at N-3 of the base moiety, of CH3-B12-HBI (pK
a
 = 3.3) 

and SO3-B12-HBI (pK = 2.9), as compared to those reported for CH3-B12-

DMBI (pK
a
 = 2.5 (39), 2.72 (40)) and SO3-B12-HBI (pK

a
 = 2.0 (41)). 

As to be expected on the basis of the similarity between the present 

bases the methyl- and aquo-form of B12-HBI had UV-VIS spectra in neutral 

and acid solution which are almost identical to those reported for the 

respective forms of 5-methoxybenzimidazolylcobamide (42,43). The spectral 

data of CH3-B12-HBI differ substantially from those reported by Wood 

et al. (44). These differences may be possibly explained by the reported 

(45) irreversible reduction of the corrin chromophore as a result of the 

use of excess sodium borohydride by these authors; such reductions were 

observed also by us and produced anomalous methylcorrinoids. The UV-VIS 

spectral data of the methylcorrinoid reported by Hôllriegl et al. (16) 
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agree with those of "base-off" form reported here for СНэ-Віг-НВІ at 

pH < 2. Probably their spectra were recorded in acid solution, although 

their data suggest a neutral one, or they examined a corrinoid which 

did not contain the presumed HBI. 

CN-B12-HBI, S0
3
-Bi2-HBI and Шз-Віг-НВІ may be considered to be 

isolation artefacts. In accordance the relative amounts of the former 

two increased dramatically on extraction at high temperature and in the 

presence of oxygen. The increase occurred clearly at the cost of 

X-B12-HBI and H2O-B12-HBI. While sulfite as a oxidation product of 

sulfite and ammonia may have originated from the growth medium, the 

origin of cyanide is not obvious. 

The relative amount of СНз-Віг-НВІ was hardly affected by differences 

in the extraction procedure as could be expected on the basis of its 

stability towards cyanide and sulfite degradation. It consistently 

accounted for only a few percent of the corrinoids irrespective the 

fact that the cells were harvested in the growth phase or in the early 

stationary phase. In the latter case methane production had decreased 

or even ceased; however methanol was not exhausted always. Therefore 

the amount of CH3-B12-HBI is not a direct reflection of the supply of 

methanol as substrate. In contrast CH3-B12-HBI accumulated in cell-free 

extracts to account up to 35 percent of the extractable corrinoids on 

incubation with methanol, a reaction which was activated by hydrogen 

and ATP. These results are in accordance with those reported previously 

(11.47) for the methanol: methylcoenzyme M methyltransferase reaction 

in M. Ъаткетг, and affirm the suggested intermediary role of corrinoids 

in methanogenesis from methanol. The high percentage (80%) of CH3-B12-

(HBI) reported by Höllriegl et al. (16) and the fact that the total 
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amount of corrinoids extracted by these authors, using a similar 

extraction method, was at least ten times less than found by us, may 

possibly be explained by the fact that they used another strain Viz. 

M. barken, strain Fusaro. 

The НгО-Віг-НВІ obtained on extraction could result both from 

photolysis of the other B12-HBI derivatives and from oxidation of 

reduced (Co-ID B12-HBI. The presence of reduced corrinoids in M. 

barkeri is obvious from the observation that the colour of cells or 

cell-free extracts turns from brown (CodD-Bu) to red (Co(III)-B12) on 

exposure to air. 

The only adenosyl Βχ г form we found in M. barkeri. was an incomplete 

one. Viz. 5'-deoxyadenosylcobinamide(phosphate). The latter was also 

isolated from Clostridium thermoaaetioum by Ljungdahl et at. (42) and 

was suggested to be an intermediate in the biosynthesis of complete B12 

compounds. 

Comparison of the UV-VIS spectral properties, of the pK
a
 values of 

the "base-on"/
n
base-off" equilibrium (Table 1) and of the light 

sensitivity of X-B^-HBI and Y-B12-HBI with those of the other B12-HBI 

and known B12-DMBI derivatives (32) makes a carbon, or less probably a 

sulfur, atom the best candidate as the B-ligand forming atom for these 

B12 compounds. Accordingly the pK
a
 values of the HBI ionization in 

X-B12-HBI and Y-B12-HBI, [just as those in СНэ-Віг-НВІ (Co-carbon bond) 

and 30э-Ві2-НВІ (Co-sulfur bond), were higher than those in CN-, H2O-, 

and NH3-B12-HBI (Table 1). The strong continuous increase in absorption 

between 400 and 500 run and the absorption above 650 nm in the spectrum 

of X-B12-HBI is most unusual for B12 derivatives. This suggests a special 

type of S-ligand and this phenomenon may possibly be explained by 
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transitions due to charge-transfer between cobalt and the ß-ligand, as 

suggested by Pratt (31). The relation of У-В12-НВІ to X-B12-HBI may be 

explained by a rearrangement reaction of X, probably mediated by 

radicals formed upon photolysis or formed by an enzyme reaction. All 

Bu mediated enzyme reactions described thus far were supposed to imply 

cobalt-carbon interactions (46). The possible presence of the cobalt-

carbon bond in X-B12-HBI and the fact that it constitutes a major part 

of the corrinoids present makes X-B12-HBI a likely candidate for an as 

yet not known coenzyme function. 
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CHAPTER 6 

CO-METHYL-5-HYDROXYBENZIMIDAZOLYLCOBAMIDE, 

AN ENZYME BOUND INTERMEDIATE IN METHANOGENESIS 

FROM METHANOL BY METHANOSARCINA BARKERI 

Arjan Pol, Joost W.M. Reijnen, Angélique H.M. Span, 

Chris van der Drift, and Godfried D. Vogels 





CO-METHYL-5-HYDROXYBENZIMIDAZOLYLCOBAMIDE, 

AN ENZYME BOUND INTERMEDIATE IN METHANOGENESIS 

FROM METHANOL BY METHANOSABCINA BARKERI 

SUMMARY 

Co-methyl-S-hydroxybenzimidazolylcobamide (CH3-B12-HBI) was formed 

as an intermediate in Methanosaraina Ъагкеті during conversion of 

methanol into methane.
 1І
'СНз-Ві2-НВІ was formed from

 1І,
СНзОН both in 

cell-free extracts and in whole cells. The methyl transfer proceeded 

only with endogenous protein-bound cornnoids. Free reduced (Co(II)) 

5-hydroxybenzimidazolylcQbamide (B12-HBI), added as the Co-aquo-

derivative, was not converted into СНэ-Віг-НВІ by extracts. 

Methanol: B12-HBI methyltransferase was purified from an extract which 

was incubated with methanol and ATP. Anaerobic extraction of the 

enzyme yielded two major corrinoids: one was identified as СНэ-Віг-ВВІ 

(amounting to 25%) and the other (amounting to 60%) was present as an 

unstable B12-HBI compound with an unidentified thiol compound as a ß-

ligand. The possible involvement of this thiol compound and ATP in the 

ABBREVIATIONS: B12-HBI, 5-hydroxybenzimidazolylcobamide; CH3-B12-HBI, 
Co-methyl derivative of B12-HBI,· B12-DMBI, 5,6-dimethylbenzimidazolyl-
cobamide; СНэ-Віг-СМВІ, Co-methyl derivative of B12-DMBI,· HS-CoM, 
coenzyme M, 2-mercaptoethanesulfonic acid; CH3-S-C0M, methylcoenzyme M, 
2-(methylthio)ethanesulfonic acid; TES, N-tris(hydroxymethyl)methyl-2-
aminoethanesulfonic acid; PIPES, Piperazine-N.N'-bis(2-ethanesulfonic 
acid); TLC, thin-layer chromatography; HPLC, high-performance liquid 
chromatography; MTi, methanol: B12-HBI methyltransferase. 
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activation process of methanol: Bi2
-
HBI methyltransferase is discussed. 

INTRODUCTION 

Methanoaaraina barkeri forms methane from methanol according to the 

reaction 4CH3OH -»· ЗСНц + COz + 2H2O (1,2,3). In the presence of hydrogen 

cell-free extracts of W. bavkeri reduce methanol completely to methane 

(4,5). Blaylock and Stadtman showed that Co-methyl-5,6-dimethylbenzimi-

dazolylcobamide (CH3-B12-DMBI) could serve as a precursor in methanogenesis 

(3) and that СНэ-Віг-ОМВІ was formed from reduced (Coti)) B12-DMBI,
 a
i

s o 

called В , and methanol in cell-free extracts of W. bavkeri (6) . These 

observations and the fact that W. Ьагкегг contains copious amounts of 

corrinoids (7) led Blaylock and Stadtman (6) to suggest that corrinoids 

were involved in the conversion of methanol to methane. In addition, 

Blaylock reported (8) that a corrinoid-protein was one of the four 

components constituting the methanol-activatlng enzyme system. 

Later on, after the elucidation of the structure of methylcoenzyme M 

(CH3-S-C0M, 2-(methylthio)ethanesulfonic acid) and the demonstration of 

its role as the substrate of methylcoenzyme M methylreductase (9-11), 

the involvement of corrinoids in methanogenesis was challenged (12-14). 

However, recently van der Heijden et al. (16,17) and Pol et al. (18) 

provided data which made an intermediate position of bound Co-methyl-5-

hydroxybenzimidazolylcobamide (CH3-B12-HBI) in methanogenesis from 

methanol in M. barkeri highly probable. Here we report on the biosyn

thesis of СНэ-Віг-НВІ from methanol as a process proceeding exclusively 

with endogenous enzyme-bound corrinoids. The involvement of ATP and a 

94 



thiol compound in the formation of CH3-B12-HBI is discussed. 

MATERIALS AND METHODS 

Materials. 

Sodium-2-mercaptoethanesulfonate (coenzyme И, HS-CoM) was purchased 

from Merck-Schuchardt A.G. ATP was from Boehringer. Methanol (HPLC 

grade) was from Baker Chemicals B.V. DEAE-cellulose (grade DE-52) was 

from Whatman and DEAE-Sepharose-CL-6B from Pharmacia Fine Chemicals. Sep-

pak C K cartridges were obtained from Waters Associates, Inc.
 11,
СНзОН 

(50 mCi/mmol) came from ICN, S-Hydroxybenzimidazolylcobamide derivatives 

were isolated from Methanoearcina barkeri strain MS as described 

previously (18). 

Gases were obtained from Hoek Loos (Schiedam, the Netherlands). To 

remove traces of oxygen, N2 was passed over a prereduced catalyst (BASF 

R3-11) at 150°C and H2 was passed over a catalyst (BASF RO-20) at room 

temperature. Both catalysts were a gift from BASF (Ludwigshaven, FRG). 

Cultuz>e method and preparation of cell-free extracte. 

M. barkeri strain MS (DSM 800) was cultured in a 20-1 Chemap fermentor 

in a mineral medium with methanol as substrate under N2-CO2 (80:20, vol/ 

vol) as described before (5). Cells were harvested in the late exponen

tial phase and stored under H2 at -80
o
C. Cell-free extracts were 

anaerobically prepared after washing one volume of wet cells with ten 

volumes of 10 mM potassium phosphate buffer, pH 7.0. A suspension of 

40* wet cells was prepared in 10 mM TES/K
+
 (N-tris|hydroxymethyl| methyl-
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2-aminoethanesulfonic acid) buffer, pH 7.2, or in 10 mM PIPES/K
+ 

(Piperazine-NjN'-bis]2-ethanesulfonic acid|) buffer pH 6.5 and passed 

through a French pressure cell (5). After centrifugation for 30 min at 

25 000 χ g and 4e
C the cell-free extract was stored at -Ъ0°С under Hz 

in serum bottles closed with black butyl rubber stoppers and crimped 

aluminum caps. Protein in extracts was estimated by the method of Lowry 

et at. (19) using bovine serum albumin as a standard. Incubation mix

tures were prepared in an anaerobic glove box (5) containing 97.5% N2, 

2.5% H2 and oxygen at a concentration below 1 ppm (μΐ/ΐ). Incubation, 

supply of gas, addition of methanol and measurement of concentrations 

in the gas and liquid phase took place outside the glove box in capped 

serum bottles. 

Incubation of cell-free extract with methanol, ATP and HS-CoM. 

15 ml cell-free extract (32 mg protein/ml) in 10 mM PIPES buffer 

were diluted with the same amount of buffer and preincubated in the 

presence of 5 mM ATP, 10 mM МдСІг and 10 mM HS-CoM for 15 min at З
 0
С 

under a H2 atmosphere (100 kPa) in a 500-ml serum bottle; 4.5 mM 

isopropanol and 5 ml ethane were present as internal standards for 

methanol and methane, respectively. Then methanol (5 M) was added upto 

a final concentration of 90 mM and the incubation proceeded. For 

analyses of coenzyme M derivatives and corrinoids 1-ml aliquots were 

taken by a syringe and immediately extracted with ethanol (60% final 

concentration) for 15 min at 80°C. The resulting extract was centrlfuged, 

flash-evaporated to dryness and dissolved in water. Samples taken from 

the incubation mixture for methanol analysis were immediately placed 

on ice. 
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Incubation of cell-free extract with 1''СВзОВ. 

5 ml of cell-free extract in 10 шМ TES buffer, pH 7.2, were prein-

cubated In the presence of 5 mM ATP, 10 mN МдСІг and 0.5 mM HS-CoM under 

a Hz atmosphere (100 kPa) for 20 min at 38"C. After replacing the gas-

phase by N2, 50 μΐ of anaerobic ^СНзОН (200 mM, specific activity 1.92 

χ 10
е
 dpm/pmol) were added by a syringe and the incubation proceeded for 

3 min. Then 40 ml of hot methanol were added in order to stop the 

reaction and to extract the corrinoids. The resulting mixture was 

incubated for 15 min at 0°С. After cooling on ice the mixture was 

centrifugea at 10 000 χ g for 10 min and the supernatant was concen

trated by flash evaporation. 

leolation and -purification of 1'>СНз-Ві2-НВІ. 

Tbe concentrated methanol extract was dissolved in 2 ml water and 

aliquots were taken for TLC analysis. The corrinoids were adsorbed on a 

Sep-рак Cie cartridge and eluted with 50% aqueous methanol, pH 3. The 

solvent was removed by flash evaporation and the residue dissolved in 

0.1 M NaCl and applied to a column (10 χ 1 cm) of DEAE-Sephadex-A25, 

equilibrated with the same solvent. The corrinoids were eluted with 0.1 

M NaCl and desalted by means of a Sep-рак Сю cartridge as described 

above. After dissolution in 50% aqueous methanol the corrinoids were 

preparatively chromatographed by means of TLC-system II given here

after. The major red band had the same R value (0.45) as authentic 

СНэ-Віг-НВІ and was scratched of the plate and dissolved in 50% aqueous 

methanol. The silica gel was removed by centrifugation and washed three 

times with the same solvent. The resulting СНэ-Віг-НВІ solution was 

concentrated to dryness by flash evaporation and the residue was 
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dissolved in 2 ml water. For determination of the specific radioactivity 

the concentration was determined spectrophotometrically using the 

extinction coefficient at 518 nm, esia = 9.3 χ IO
3
 M"

1
cm

_ 1
 (18). 

Incubation of whole cella with 1''СНзОН. 

Growing cells from 2-1 culture (about 1 g wet weight cells/1) were 

harvested anaerobically by centrifugation at 5 000 χ g for 15 min at 

room temperature. The pellet was suspended in 11 ml of supernatant 

present under N2 in a 50-ml serum bottle and directly placed at 39°C 

for 5 min. Then 50 μΐ of ^СНзОН (200 mM, 1.92 χ IO
6
 dpm/ymol) were 

added and 2-ml samples were taken by a syringe, immediately injected 

in 8 ml of hot methanol (80
<>
C) and placed for 15 min at BO'C. Corrinoids 

were isolated by Sep-рак C
l e
 cartridges as described above and analyzed 

by TLC-system II. 

Isolation of methanol: Вц-НВ! methyltransferaee (ΜΤχ). 

150 ml of cell-free extract in TES buffer were incubated in the 

presence of 100 mM methanol, 5 mM ATP, 10 mM МдСІг and 5 mM HS-CoM under 

H2 for 15 min at 38°C and, after cooling on ice, subsequently chromato-

graphed in dim-light on a cooled (4
0
C) column (15 χ 6 cm) of DEAE-

Sepharose-CL-6B equilibrated with 10 mM TES buffer, pH 7.2. Elution 

proceeded with 2 1 of a linear NaCl gradient (0 - 0.6 M) . The red WTi 

fractions eluted at about 0.35 M NaCl and were used for recording the 

spectra and for anaerobic extraction of the corrinoids by 80% methanol 

as described above. Activity in the conversion of methanol to CH3-S-C0M 

was determined as described previously (16). 
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Analysis. 

Corrinoid solutions obtained from cell-free extracts or MTj fractions 

were kept in the dark or in dim-light upto the analysis. 

HPLC analysis of corrinoids was performed on a reversed-phase Cjs 

column (LiChrosorb-RP18, 10 pm, from Merck) and with detection at 500 

nm as described previously (20). A linear gradient of 0-50% methanol in 

25 mM potassium acetate buffer, pH 6.0, was applied for 20 min. 

Ultraviolet-visible light spectra were recorded with a Cary 118 

spectrophotometer. Thin-layer chromatography (TLC) was performed in the 

dark eithter on cellulose plates (20 χ 20 cm) from Merck developed with 

n-butanol/acetic acid/water (40/10/10, v/v), TLC-system I, or on 

silinized silica gel plates (20 χ 20 cm) from Merck developed with 

methanol/acetic acid/water (30/5/70, v/v), TLC-system II (21). 

Methane and methanol were determined by gas chromatography as de

scribed by Hutten et al. (5) and van der Meijden et al. (22), respectively. 

HS-CoM and its derivatives were determined by isotachophoresis as 

described by Hermans et al. (23). 

Specific radioactivities of
 1І
*СНэ-Ві2-НВІ and

 1
'
,
СНэОН were determined 

by dissolving 20 μΐ samples of the purified
 1
'
,
СНэ-Ві2-НВІ solution and 

10 μΐ samples of a 100 times diluted ^СНзОН solution in 2 ml of Bray's 

(27) scintillation fluid which was assayed for radioactivity in a 

scintillation counter. 

Radioactivity on TLC plates was located by autoradiography using 

Kodak XAR-5 X-ray film, and was quantitatively determined by scratching 

off the silica gel and suspending it in scintillation fluid. 
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RESULTS 

Methanogeneaia from methanol and bioaynthesie of CH3-S-C0M and CH3-B12-SBI 

Cell-free extract (16 mg protein/ml) was preincubated during 15 rain 

under H
2
 in the presence of coenzyme M (HS-CoM) in order to activate 

Methanol ImM) 
о α 

CHt produced (mmol) 

30 

100 Time (mm) 

Fig. 1 Formation of СНз-В
12
-НВІ and СНэ-S-CoM during 

methanogenesis from methanol in cell-free extract 
of Methanosarcina barkeri under H2. lîie reaction 
mixture (total volume 30 ml) contained: 5 mM ATP, 
10 mM MgClz, 10 mM HS-CoM, 10 mM PIPES (pH 6.5) and 
480 mg protein. After preincubation methanol was 
added (t =0) to a final concentration of 90 mM. 
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the raethyltransferase system (22) . After addition of methanol a rapid 

synthesis of bound CH3-B12-HBI and of methylcoenzyme M (СНэ-S-CoM, 250 

nmol.mg protein
-1
-min

-1
) were observed (Fig. 1). Their concentrations 

differed by a factor of 200 and reached a maximal value simultaneously 

within a few minutes. The methylation of HS-CoM was also reflected by 

the initally rapid decrease of the methanol concentration. After a lag 

phase of a few minutes methane production proceeded with an almost 

constant velocity equal to that of methanol consumption (about 70 nmol* 

mg protein
-1
.min

-1
). The additional amount of methane produced (about 

300 gmol) as compared to the amount of methanol added probably resulted 

from endogeneous substrate e.g. bicarbonate. When methanol was exhausted 

the СНэ-В
12
-НВІ and СНэ-S-CoM levels dropped, the latter at a rate equal 

to that of methane production. The extent of the methylation of B12-HBI 

compounds and HS-CoM depended on the quality of the extracts. Extracts 

with high methane production rates always showed accumulation of 

СНэ-Віг-НВІ upto about 40% of the corrinoids extractable in the presence 

of cyanide. In extracts with low rates, less or even no accumulation 

was observed and in these cases methylation of added HS-CoM was not 

always complete (as in Fig. 1). 

Free OP bound corrinoids. 

The bound character of СНэ-Ві2"НВІ formed during methanol conversion 

(Fig. 1) was evident from the fact that the corrinoid could be extracted 

at 80°C and not at room temperature. This may indicate that free 

corrinoids are not involved in the methylation process. This was also 

demonstrated by performing the incubation as described above (Fig. 1) 

in the presence of added H2O-B12-HBI (0.15 mM final concentration). 
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During the preincubation reduction of НгО-Віг-НВІ was obvious from the 

change of color from red to brown. After addition of methanol the 

synthesis of СНэ-Віг-НВІ was followed by HPLC analysis at different 

time intervals. The same amount of CH3-B12-HBI accumulated both in the 

presence and absence of added H2O-B12-HBI. 

Isolation of the corrinoids bound to methanol: Вц-НВ! methyltransferaBe 

ШТі). 

Cell-free extracts were incubated with methanol, HS-CoM and ATP 

under Нг and subsequently chromatographed by a DEAE-Sepharose-CL-6B 

column. The MTi fraction was obtained as a single band and identified 

on the basis of the red color; enzyme activity in the conversion of 

methanol to CH3-S-C0M could not be measured due to the inhibiting 

effect of NaCl (16). Activity was detected when ШцСІ was used as a salt 

gradient; however, ЦНцСІ caused conversion of B12-HBI compounds of (ΤΓχ 

into NHS-BIJ-HJO in the isolation procedure and was therefore avoided. 

The corrinoids of MTi were extracted anaerobically and immediately 

subjected to preparative chromatography by HPLC. Two major corrinoid 

compounds were obtained of which one (amounting to about 25%) exhibited 

an identical spectrum and elution time on HPLC (20.3 min) as authentic 

СНэ-Віг-НВІ (1Θ), and probably caused the peak at 520 nm in the spectrum 

of MTj (Fig. 2). The other corrinoid (amounting to about 60%) had a 

spectrum (Fig. 3) which is typical for Bi2(-HBI) derivatives with a 

S-coordinated thiol as ß-ligand such as cysteine. This compound was 

unstable even under anaerobic conditions and not found upon aerobic 

extraction of MTi; once collected its spectrum was converted within a 

few hours into that of H2O-B12-HBI. The ligand of this corrinoid was 
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Absorbante 

600 
Wavelength Inm) 

Fig. 2 Ultraviolet-visible light absorption spectrum of 
methanol: B12-HBI methyltransferase (MTi), under 
anaerobic conditions. MTi was resolved from cell-
free extract of Methanosaroina barkeri after 
incubation with methanol and ATP. 

not HS-CoM as judged from the elution time on HPLC (12.θ min) which was 

quite different from that of coenzyme M-B12-HBI (11.2 min). 

Bioayntheeie of ^СНг-Вц-ЕВ! from "сЯэОЯ in cell-free extracte and 

whole cella. 

In order to deplete the extract from endogeneous methanol or other 
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600 
Wavelength Inm) 

Fig. 3 Ultraviolet-visible light absorption spectrum of a 
B12-HBI compound extracted from methanol: B12-HBI 
methyltransferase and recorded directly after 
elution from the HPLC column. 

methyl donating substrates, which might dilute the added СНэОН, cell-

free extracts were preincubated in the presence of ATP and HS-CoM under 

H2. Subsequently
 1
'
,
СНэОН (1.92 χ IO

6
 dpm/ymol) was added and the 
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incubation proceeded for 3 min under N2 in order to accumulate ^СНз-

Bi2-HBI optimally. A methanol extract was prepared and 10 μΐ samples 

were analyzed by means of TLC-system II. The major red spot co-migrated 

with authentic CH3-B12-HBI and the autoradiogram showed СН3-ВД.2-НВІ 

and СНэ-S-CoM as major labeled spots. Liquid scintillation counting of 

10 yl samples (spotted on TLC plates and dried, but not developed) and 

comparison with the developed CH3-B12-HBI spot demonstrated that this 

compound contained about 4% of the incorporated label. CB3-B12-HBI 

was isolated and purified from the extract as described in Materials 

and Methods. The resulting
 1І,
СНз-Ві2-НВІ preparation was identified by 

comparising its chromatographic behaviour (TLC) and spectrum with those 

of authentic CH3-B12-HBI. The specific radioactivity was 1.9β χ IO
6
 dpm/ 

μιηοΐ and almost equal to that of ^СНэОН. When ^СНз-Віг-НВІ was spotted 

on TLC plates and subsequently illuminated for a day all radioactivity 

was lost. 

Whole cells were incubated with ^СНэОН and aliquote were taken at 

different time intervals. The methanol extract was analyzed by means of 

TLC-system I ; the red color and radioactivity at the spot co-migrating 

with СНэ-Віг-НВІ was hardly distinguishable. Therefore the corrinoids 

of the methanol extracts were isolated by means of Sep-рак Cie 

cartridges and subsequently analyzed by means of TLC-system II. Radio

activity was virtually only detected at the red CH3-B12-HBI spot, from 

the first aliquot taken (30 sec). 
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DISCUSSION 

The observations of Blaylock and Stadtman (3,6,6) pointed to the 

involvement of a corrinoid-mediated methyl transfer in methanogenesis 

from methanol by Methznoaaraina barkeri. This involvement was recently 

suggested again by Wood et al. (24) on the basis of the fact that the 

chemically methylated Bi2-protein which was isolated from M. Ъаткеті 

was rapidly demethylated to methane by cell-free extract, and by 

Höllriegl et al. (25) on the basis of the fact that the major part of 

the corrinoids of M. barkeri strain "Fusaro" were isolated as the Co-

methyl derivative. However, the intermediate position of methylated 

corrinoids was not proven. Recently van der Heijden et al. (16) reported 

the resolution of the methanol: coenzyme M methyltransferase system 

into two enzymes, called ΜΓι and МГ2. MTi, methanol: B12-HBI methyl

transf erase, was shown to contain a bound corrinoid and evidence was 

presented that enzyme-bound СНэ-Віг-НВІ was the methylation product (17). 

The results presented here extend our previous report (18) concerning 

the formation of CH3-B12-HBI in cell-free extracts of M. barkeri. It 

was shown now that during methanogenesis from methanol the biosynthesis 

of СНэ-Віг-НВІ, which strictly depended on the presence of methanol, 

proceeds with corrinoids which remain bound to the enzyme MTi. Ulis was 

indicated by the fact that 25% of the corrinoids of MTi, isolated after 

incubation of cell-free extract with methanol and ATP, could be 

identified as CH3-B12-HBI, but clearly shown by the observation that 

added free H2O-B12-HBI could not be methylated by the extract. 

Inactivation of MTi by oxygen (22) may explain the fact that a slight 

or no accumulation of СНэ-Віг-НВІ occurred in some extracts, as also 
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reported by others (14). 

Free CH3-B12-HBI and CHs-Biz-DMBI could be used as substrates for 

methanogenesis (3,14,18,26). Most probably, the methyl transfer involved 

is mediated by СНэ-Віг-ОМВІ: HS-CoM raethyltransferase (15,16). However, 

a physiological function for this methyl transfer has not yet been 

established. 

By the use of
 1І
'сНзОН it was demonstrated that the methyl moiety of 

CH3-B12-HBI originated from methanol. 

1І,
СНэ-Ві2-НВІ could be traced as a fixation product in whole cells 

after 30 sec incubation with CH3OH. Due to the very low concentration 

of СНэ-Віг-НВІ in whole cells, as reported previously (18), its 

detection was only feasible after partial purification. 

The dominant peak at 470 nm in the spectrum of activated and purified 

MTi under anaerobic conditions and the absence of peaks at about 350 nm 

suggest that the major part of the B12-HBI compounds were "base-off" or 

reduced (Co(II)). However, instead of the oxidation product, H2O-B12-HBI, 

an unstable B12-EBI derivative with an unidentified thiol compound as a 

e-ligand was isolated from MTi; this thiol compound was not coenzyme M. 

Coenzyme M-B12-HBI was found (17) after incubation of MTi with HS-CoM, 

but may have been formed upon extraction of the cornnoids. Sulfhydryl 

groups have been found in Bi2-enzyoies and shown to be important in B12-

dependent enzyme reactions (27-30). Van der Heijden et at. (17) observed 

by spectrophotometry that ATP, which is required for activation (22), 

could interact with MTj in the presence of HS-CoM. He suggested that 

ATP might be required for the addition of B-ligands to B12-HBI. A 

possible joint action of ATP (as 5'-deoxyadenosine) and the found thiol 

compound in the activation process of MTi should therefore be considered. 
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Law and Hood (31) suggested that the role of sulfhydryl groups might 

be explained by the fact that these groups can displace the a-ligand, 

as was found when S'-deoxyadenosyl-Bij-DMBI reacted with an excess of 

glutathione. The visible spectrum obtained upon this reaction was 

similar to "base-off" B12-DMBI. This may possibly explain the "base-off" 

feature of the MTi spectrum. The fact that the thiol compound was found 

as a B-ligand may be explained by assuming that ß-ligandation occurred 

after extration of the compound and the corrinoid from the MTi enzyme. 

Biz-mediated enzyme reactions are usually supposed to involve Co til)-

corrinoids (32). However, according to Schrauzer et al. (33) these 

reactions should involve a Co(I)-derivative of B12 as the active form 

of the coenzyme. The fact that a Co(I)-derivative indeed may be involved 

as a reactive nucleophile for the binding of the methyl moiety of 

methanol can be derived from the fact that methyl iodide reacted with 

activated MTi yielding CH3-B1.2-HBI (34) . Sulfhydryl groups may possibly 

function in stabilizing or evoking active Co(I)-like derviatives of B12-

enzymes; such an effect would be similar to that previous reported (35) 

for the conversion of free B12-DMBI and methyl iodide in the presence 

of thiols. 
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SUMHARY 

Methanogenic bacteria are strictly anaerobic microorganisms which 

are able to grow by the conversion of a number of one-carbon compounds 

and of acetate into methane. In Chapter 1 of this thesis the role of 

these organisms m the anaerobic digestion of organic matter is briefly 

discussed and their unique phenotypical characteristics as well as the 

recent knowledge of the process of methanogenesis and cell-carbon 

synthesis are reviewed. Special attention is paid to the structure and 

known biological functions of cornnoids (Bi2-compounds) which are the 

main subjects of this study. 

Chapter 2 describes a comparative study of the biological and 

physico-chemical properties of the electron-carrier coenzyme Гц 20 and 

synthesized derivatives of it. On the basis of this study the C-8 

position of the hydroxyl group in the 5-deazaisoalloxazine part could 

be assigned. 

In Chapter 3 the isolation of the a-ligands of the corrinoids from 

Methanosarcina barkeri is described. The only o-ligand detected was 

identified as the base 5-hydroxybenzimidazole (HBI) and was found to be 

present in the major part of the corrinoids; in contrast, 5,6-dimethy1-

benzimidazole is usually found in B^-compounds of other organisms. 

The basic structure of these corrinoids, which were called B12-HBI, 

was further investigated in Chapter 4. B12-HBI was found to be 

constituted of a cobinamide, a phosphate and a nucleoside. The 

cobinamide part was shown to be identical to that of the usual 

corrinoids. The nucleoside was identified as the N-1-a-ribofuranoside 

of 5-hydroxybenzimidazole. 
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The ß-ligands of the comnoids as present in M. barkeri were 

investigated and the results are given in Chapter 5. ЗОз2-
, CN~, H2O, 

NHa and CHj" groups were identified as ß-ligands of B12-HBI. Two Bij-HBI 

compounds with unidentified ß-ligands are described; one accounted for 

a ma]or part of the comnoid content. The S'-deoxyadenosyl group was 

identified as a S-llgand of a corrinoid lacking an a-ligand. Formation 

of the methyl-derivative of B12-HBI (CH3-B12-HBI) was observed in cell-

free extracts of M. Ъагкеті. 

Finally, the role of CH
3
-B

12
-HBI in methanogenesis is demonstrated in 

Chapter 6. It is shown that this corrinoid is an enzyme-bound inter

mediate in methanogenesis from methanol by M. barken. Data are 

presented which indicate direct involvement of a thiol compound in the 

activation process of the pertinent corrinoid-enzyme. 
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SAMENVATTING 

Methaanbakteriën zijn mikro-organismen die onder strikt anaerobe 

omstandigheden kunnen groeien door een aantal verbindingen met één 

koolstofatoom en azijnzuur om te zetten in methaan. 

In Hoofdstuk 1 van dit proefschrift wordt in kort bestek de rol 

van deze organismen in de anaerobe afbraak van organisch materiaal 

besproken. Daarenboven wordt een overzicht gegeven zowel van hun 

unieke kenmerken als van de huidige kennis van het proces van de 

methaanvorming en celkoolstofsynthese. In het bijzonder wordt aandacht 

geschonken aan de struktuur en de bekende biologische funkties van 

corrinolden (Biz-verbindingen) die het belangrijkste onderwerp van deze 

studie vormen. 

Hoofdstuk 2 geeft een vergelijkende studie van de biologische en 

fysisch-chemische eigenschappen van de elektronendrager coenzym Гц2o en 

enkele gesynthetiseerde derivaten van deze verbinding. Op grond van deze 

studie kon de C-B positie van de hydroxyl groep in het 5-deazaisoalloxa-

zine gedeelte worden vastgesteld. 

In Hoofdstuk 3 wordt de isolatie van de a-ligande van de corrinoiden 

van Methanosarcina Ъагкеті, beschreven. Het enige a-ligand dat werd aan

getroffen was de base 5-hydroxybenzimidazol (HBI) die in het grootste 

deel van de corrinolden aanwezig bleek te zijn; in de Bj2-verbindingen 

van andere organismen wordt daarentegen meestal 5,6-dimethylbenzimidazol 

aangetroffen. De basisstruktuur van deze corrinoiden, die B12-HBI ge

noemd werden, werd nader onderzocht in Hoofdstuk 4. B12-HBI bleek te 

zijn opgebouwd uit een cobinamide, een fosfaatgroep en een nucleoside. 

Het cobinamide gedeelte bleek identiek te zijn aan dat van de gebruike-
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lijke corrinolden. Het nucleoside werd geïdentificeerd als het Ν-1-α-

ribofuranoside van 5-hydroxybenzimidazol. 

De B-liganden van de corrinolden van M. bavkepi werden onderzocht en 

het resultaat is in Hoofdstuk 5 weergegeven. SO3 ~, CN", H2O, NHa en 

СНз"-дгоереп werden als ß-ligande van B12-HBI geïdentificeerd. Twee 

Bjz-HBI verbindingen met niet geïdentificeerde S-liganden worden be

schreven; één van deze vormde een groot deel van het corrinold gehalte. 

De 5'-deoxyadenosyl-groep werd als B-ligande van een corrinoïd zonder 

a-ligande aangetoond. In celvrije extrakten van M. barkeri werd de 

vorming van het methyl-derivaat van B12-HBI (СНэ-Віг-НВІ) waargenomen. 

Tenslotte laat Hoofdstuk 6 zien welke rol CHj-Biz-HBI speelt in de 

methaanvorming. Deze verbinding speelt in een enzym-gebonden toestand 

de rol van een tussenprodukt in de methaanvorming uit methanol door 

M. bavkevi. De resultaten wij zen op de direkte betrokkenheid van een 

thiol-verbinding bij het aktiveringsproces van het betreffende corri-

nold-enzym. 
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STELLINGEN 

I 

Het feit dat acetyl coenzym A een tussenprodukt zou zijn bij de inbouw 
van COj door methaanbacteriën is onvoldoende aangetoond. 

- G. Fuahs en E. Stttpperich (1980) Aroh.Microbiol. 127: 267-272 
- W.R. Kenealy en J.G. Zeikue (1982) J.Bacterial. 151: 932-941 

II 

Conclusies omtrent adenylering van enzymen bij inaktiveringsprocessen 
zijn voorbarig indien zij louter op grond van experimenten met slange
gif fosfodiësterase worden getrokken. 

- S. Khana en D.J.D. Nicholas (1983) Aroh.Microbiol. 134: 98-103 
- W.P. Michaleki, D.J.D. Nicholas en P.M. ідпагв (1983) Biochim. 

Biophys.Acta 743: 136-148 
- W. Daviee en J.G. Ormerod (1982) FEMS Microbiol.Lett. 13: 75-78 

III 

Het uit methaanbacteriën geïsoleerde 7-methylpterine (Fji»2) is waar
schijnlijk een afbraakprodukt, ontstaan bij de oxydatie van tetrahydro-
methanopterine door zuurstof tijdens de isolatie. 

- J. Keltjens, P. van Beelen, A.M. Stassen en G.D. Vogels (1983) 
FEMS Microbiol.Lett. 20: 259-262 

- L.S. Reed en M.C. Archer (1980) J.Agrio.Food Chem. 28: 801-805 

IV 

SjlO-Methenyl-tetrahydromethanopterine (YFC, yellow fluorescent com
pound) fluoresceert in oplossing niet. De op dunne-laag chromatografie-
platen waargenomen gele fluorescentie is te wijten aan oxydatie van 
deze stof to 6-acetyl-7-methyl-7,8-dihydromethanopterine na het drogen 
van de platen. 

- L. Daniels en J.G. Zeikue (1978) J.Bacteriol. 136: 75-84 

V 

Het door De Duve en Baudhuin geïntroduceerde en langdurig gehanteerde 
model van de biogenese van peroxisomen uit ruw endoplasmatisch reticu
lum moet worden herzien, aangezien veruit de meeste enzymen van dit 
organel worden gesynthetiseerd op vrije in plaats van op endoplasma
tisch reticulum gebonden Polysomen. 

- С. De Duve en P. Baudhuin (1966) Physiol.Pev. 46: 323-357 
- P.B. Lazarow, M. Rabbi, Ï. Fujuki (1982) Ann.Ï.Acad.Sci. 380: 

285-300 



VI 

Ford en Friedmann gaan voorbij aan de mogelijkheid dat een Co(I) in 
plaats van Co(II) corrinolde betrokken is bij de decarboxylatie van 
threonine tot isopropanolamine, en sluiten ten onrechte complexvorming 
tussen threonine, corrinolde en een thiol uit. 

- S.E. Ford en H.C. Friednan (1979) Bioahim.Biophye.Aata S00: 
217-222 

VII 

Door de invoering van de "Wet medezeggenschap onderwijs" is een goed 
funktionerende ouderparticipatie geen stap dichterbij gekomen. 

VIII 

Voor de ontwikkeling van de maatschappij zijn kleine zogenaamde "alter
natieve groepen" en mensen met een afwijkende levenswijze essentieel. 

IX 

De discussie over euthanasie zou zich minder op de strafbaarheid moeten 
richten, maar daarentegen meer op het voorkómen van door medisch in
grijpen veroorzaakte uitzichtloze situaties die de wens om een "goede 
dood" te sterven oproepen. 

X 

Het gebruik van wetenschappelijke titels bij de naamgeving en het aan
prijzen van Produkten is misleidend en dient niet te behoren tot de 
"rechten, die door wet of gewoonte aan het doctoraat zijn verbonden", 
zoals omschreven in artikel 37 van de promotieregeling. 

Nijmegen, 8 december 1983. Arjan Pol. 






