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Component C of the methyl coenzyme M methylre- 
ductase system of Methanobacterium thermoautotroph- 
icum has been purified to homogeneity with a 17% 
recovery of initial units. The native protein has a  mo- 
lecular weight of 300,000 and is composed of three 
different subunits with  masses of 68,000, 45,000, and 
38,500. They are present in equal proportion, suggest- 
ing a stoichiometry of a2, &, yz in the native protein. 
The  amino acid composition reveals a  preponderance 
of acidic amino acid residues. The protein is yellow, 
having an absorption maximum at 425 nm and a shoul- 
der at 455 nm. Reconstitution of the methyl coenzyme 
M methylreductase activity was linearly dependent on 
added  component C. Component C has been detected in 
cell extracts of other methanogens. 

The terminal step of methane formation requires the par- 
ticipation of three components: component A, an oxygen- 
sensitive, M, = 500,000 protein complex having hydrogenase 
activity; component B, an oxygen-sensitive, colorless cofactor; 
and component C, an oxygen-stable acidic protein (1).  Com- 
ponent C has been identified recently as  the 2- 
(methy1thio)ethanesulfonic acid methylreductase (2). In the 
presence of Mg'+, ATP, and hydrogen, these components 
reduce CH&-CoM1 to methane and HS-CoM. Here we report 
the purification and physical properties of component C; a 
preliminary  report  in abstract form has appeared (3). 

EXPERIMENTAL PROCEDURES' 

Materials . Trlzrna bare ,  Ter. Coomassie R250. dansyl   chlor ide,   dansyldted dmlno acld  Stan- 
dardr.dexcran s u l f a t e ,  and a l l   p m t e i n  Standards w e ~ e  purchased  from 81911. Cheng-Chln 
polyamide  plates yere obta ined frm Pierce.   Acry lamde,  N,N'-methylenebi~acrylamide and SO8 

chrmatographic  gel5  were obtained  from  Phamacla. Gases used i n  these  studies WePe obta ined 
from  Llnde,  DiVlslon o f  Union Carblde 

were purchased frm BiaRad.  OEAE-cellulase (OE52) was the   p roduc t  O f  Whatman; a l l   o t h e r  
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I The abbreviations used are: CH3-S-CoM, 2-(methy1thio)eth- 
anesulfonic acid; HS-CoM, 2-mercaptoethanesulfonic acid; Tris 
base, tris(hydroxymethy1)aminomethane; Tes, N-[tris(hydroxy- 
methyl)methyl-2-amino]ethanesulfonic acid; Tea, triethanolamine; 
SDS, sodium dodecyl sulfate; DEAE-cellulose, diethylaminoethylcel- 
lulose; dansyl, 5-dimethylaminonaphthalene-1-sulfonyl. 

Portions of this paper (including "Experimental Procedures," 
Figs. 1 to 8, and Table I) are presented in miniprint as prepared  by 
the author. Miniprint is easily read with the aid of a standard 
magnifying glass. Full size photocopies are available from the Journal 
of Biological Chemistry, 9650 Rockville Pike, Bethesda, Md. 20014. 
Request Document No. 80M-2314, cite  author(s), and include a check 
or money order for $4.80 per set of photocopies. Full size photocopies 
are also included in the microfilm edition of the Journal that is 
available from  Waverly Press. 

Gmuth O f  Organisms - Methdnobacterlum  thermoautotmphicum was gmwn a t  65' C an hydrogen  and 
CO as energy  and  Carbon sources 4 . All Other  Organisms were  grown accordlng  to  publ ished 
p$cedurer ( 8 )  and were the  g i f t   Af 'John  Le lgh.  

Enzyme A r r q  - Al iquots   f rom eaLh  column f r a c t i o n  were  assayed fo r   the   p resence  o f  component 
C by  Comblndt?on w t h  Saturating q u a n t l t l e l   o f  components A and 8 ~n tbe  standard  methylre- 
ductale  assay ( 1 ) .  When d e m b i c  f r a c t i o n s  were  assayed f o r  component C a c t i v i t y .   t h e  r e x -  
t l on   m ix tu re  and aerobic  enzyme were f lushed  wi th  oxygen-free H f o r  40  min p r i o r   t o   t h e  

o f   p u r i f i c a t i o n  was d e t e r m i n e d   o n l y   a f t e r   d i a l y s l s   a t  5- C against  250 volumes o f  50 nH Tni- 
l d d l t l o n  of  oxygen l a b ~ l e  camponentr. The s p e c l f i c   a c t l v i t y  afZcolmponent C a t  Y ~ T I O U I  stages 

C1 a t  pH 7.2 con ta imng   0 .1  H Nd 1  and 10 n(( 2-mercaptoethanol .   Specl f lc   act iv i ty  1 5  er- 
pressed  as "mol CH4 produced mg-' h-1. 

measuring  the turbidity O f  a rarnple ~n 20% t n c h l a r o a c e t l c   d c l d   a t  400 nm. More accurate 
Protein  Determinat ion - The pmte in   Concent ra t ion   o f  each  column f r a c t i o n  was e s f m t e d  by 

P r o t e i n   d e t e m i n a t l o n s  were made accord lng   to  Lowry &a. (6). 80~1ne serum albumin w a s  
used as  a standard. 

Conductlvnty  Measurements - The sa l t   concen t ra t i on   o f  each column f r a c t i o n  was estlrnated  Wlth 

ate  standards.  
a R a d l m t e r   c o n d u c t i v i t y   m e t e r  (Copenhagen, Denmark) t h a t  had been Cal ibrated  w7th  appropr l -  

E lect rophores l r  - Nond issoc ia t lng   po lyacry lamde  ge l   e lec tmphores ls  was per fonred  rout ine ly  
w i t h   t h e  Tea-TeS b u f f e r   s y s t e m   o f  Orr dl. ( 7 )  o r  i n  some cases,  by the method o f  Davis 

system  of  Laemnli (9). I n  SMP cases the  sodlm  phosphate  Iys tem  of  Weber and Osborn was 
( 8 ) .  Sad im  dodecy l   su l fa te   ge l   e lec t rophores l r  O f  p r o t e l n  was p e r f o m d   u s i n g   t h e   b u f f e r  

Subst i tuted  (10).   Proteins ~n a l l   g e l s  wem std lned w t h  Caomassle Blue R250 a s  o u t l i n e d  by 
Fairbanks st. (11) .  

Molecular  Yelght  Determlnatlon - The m l e c u l a r  weight  of   the  ndt lve  proteln was determlned 
e l e c t m p h o r e t i c a l l y  by the method O f  Hedrlck  and  Smlth (12) us lng  t he   bu f fe r   sys tm Of Orr 

E a i Z a r d s  used f o r   c a l i b r a t l o n  Yere ovalbumin ( M  43 500)  bovine sewn albumin (M 
e t   a l .  (7). The r a t l o   o f   a c r y l a m l d e   t o  N,N' -methylenebiSdc~ylm~de was malnt r lned  a t   38: l .  

68.000). a ldo lase ( M ~  160,000), cata lase (M, 250:oooj a n d ' a p o f e r n t i n  (H, 4so.000): 
Y e r i f i c a t l o n  of the  molecular  welght  of component C was Obtained by gel f i l t r a t i o n  an Sepha- 
dex 6200 (13). The column  (1.0 C m  x 90 cn) was equ i l l b ra ted   w l th  50 mM T n s - C I  a t  pH 7.2 
c o n t a i n i n g  0.2 M NaCl and 10 m 2-mercdptoethanol. The column was calibrated w l t h   t h e   f o l -  
loving  standards:  ovalbumin, bovlne serum albumin.  yeast  alcohol  dehyarogenare (M 
150,ODO), cata lase and Jack bean urease (Mr 483,000). A f t e r   c a l l b r a t i a n  pure compcknt C 
was parsed  thmugh  the column, and t h e   e l u t l o n  Of th is   p rOte iP  was determlned  both by abrarb- 
ance at  280 nm and by d c t l n t y  i n  the  methylreductdse  asmy. 

e s i r  as descmbed above. The data wre t reated  accord ing  to   the  nethod of weber and Orborn 
Molecular  weights  of   the  rubumtr  of  component C were determned by 80s gel   e lectrophor-  

(10)  wi th  the  fo l lowing  standards:   bovine serum albumin; ovalbumin, and a-chymotrypsinogen A 
(M, 25,0001. Samples wl-e reduced and denatured  by b a l l i n g  l n  t h e  80s sample b u f f e r  of 
Laem11 (9) f o r  5 mrn fo l lowed by l ncubd t lon   a t  37"  C overnight. 

Sed imen ta t ton   ve loc l t y   Cen t r i f u  d t l m  - A 200 u g  sample of  pure component c ~n 10 m~ potas- 

fuced  at 40.000 rpm fo 2 h  at  20' C i n  a Beckman m d e l  E ultracentrifuge. The progress  of 
r i u n  phosphate  buffer IpH 7 )  c o k i n i n g  100 m NaCl  and IO nH 2-mercaptoethanol was c e n t r l -  

t h e  s value *ere t r e a t e d  I S  o u t l l n e d  by khachman and E d e l r t e i n  1141. The I value  was cor- 
t h e  m o m 9  bamdary was fo l lowed  wi th  d p h o t o e l e c t r l c  scanner. The d a t a   f o r   d e t e m l n d t l o n  o f  

r e c t e d   t o   r a t e r   a t  ZOO C (15), 

Amino Acid  Composi t ion - The amino acid C m p v S l t l m   o f  component C was determrned  af ter  hy- 
d m l y s i s   w i t h   6  N HCl at  110' C i n  an evacuated.  sealed  ampule  (16). Each ampule contdlned 
200 u g  of component C; h y d r o l y I l i  times of 24, 48, 12 and 96 h were used i n   t h l s  study. Cyr- 

m e t h y l r u l f o x l d e  (IT); aspar t l c   ac id  and alanine served as  In te rna l   con t ro ls   o f   recovery  ~n 
t e l n e  was d e t e m l n e d  as  CySte lc   dc ld   a f te r   hydro lys is   fo r  24 h i n  6 N HC1 canta in lng d l -  

t h i s  case. values obtdlned were corrected far rlw hydrolysis o f   ac ld   l ab l l e  amno acids. 

N-Terminal   Analynr  - lnd lv idual   subuni ts   o f  component C * e ~ e  separated by So8 ge l   e lec t ro -  

e t  11. (18) t o  y le ld   i so la ted   subun i t s .  As descrlbed by Gros a n d  Ldbouse (19), each w b u n l t  
phoresis and then  extracted frm the   appmpnd te   po r t l ons  Of ge l  by the method o f  Weiner 

was tveated w t h  dansy l   ch lar lde and then  hydrolyzed I n  5.5 H HCI to   re leare   the   ddnry ld ted  
amino  acids.  Separation and I d e n t i f i c a t i o n  of the  dansyldted m n o  dclds was carrled  out on 
polyamide  sheets  wi th suitable standards according t o  Gray (20). 

Prepa?at ion  o f  Antibodies t o  Cmponent C - Ant ibodies  to  component C were e l i c i t e d  I "  mice 
(21). Contro l  sera were prepared by t h e   i n J e C t i M  Of Freund's  complete  adJuvant and s d l l n e  
(9 : l .   vo l /vo l )   a lone.  The YIg f r a c t i o n  was f u r t h e r   p u r i f l e d  by Dext ran   su l fa te   p rec ip l ta t lon  
(221 f o l l a r e d  by t h r e e   p r e c l p i t a t l o n s   w t h  amnonlum S u l f a t e   a t  5 O  C ( 2 3 ) .  

" 

methanogens were a l l o w e d   t o   d l f f u s e   f o r  24 h   a t  20' C toward  antrbodies  dlrected agd:nst pur- 
lmnunadlffusion - Reprerentat lve sdmples ( 5  "1)   o f  various ce l l - f ree   ex t rac ts   f rom  d l f f e ren t  

i f i e d  Component C. Nonprec ip i ta ted Protein was remrved  fmm  the  oldte bv washino f o r  48  h 
w t h  4 l i t e r s   o f  0.05 M Tr ls-Cl ,  pH 8.6 contd ln ing 0.91 NaCl. The plate.was  rtayned  with Co- 
omdlsie  blue d~ d e r c n b e d  above. 

by  Show e t  a! .  24 w i t h   t h e   f o l l o w n g   m o d l f l c a t i o n s :  ( I )  al iquot5  o f  various methanogen 
Imunorep l?ca te   E lec t rophores is  - Imnunorepl lcate  eleCtrophoPesls was performed as delcr lbed 

w i t h   t h e  Tea-Tes buf fer  system  described above. and ( I i )   t h e   p o l y a c r y l a m d e   s l a b  #as placed 
ce l l - f ree<xFac!s   lnd  pur i f ied Component C lere f i r s t  separated on a 101  palyacrylamlde  slab 

On a 1% agarose s lab  conta in ing  ant lbodles  aga/nst   pur i f ied component C. The over lay was a l -  
l oved  to   deve lop   fo r  24 h   a t  37' C i n  a humld  enulronment.  After t h l s  tlm the  polyacryla- 
mide s lab was removed and r t a l n e d   f o r   p r o t e i n .  The agarose gel was washed t o  remove nonpre- 
Cip i ta ted   p ro te ln r ,   p ressed ,   s ta ined   f o r   pmte ln  and compared vl th  the  pOlyaCrylamlde  gel .  

P u n f l c a t l o n   o f  Component C - C e l l - f r e e   e x t r a c t s  of M. thermaautatrophlcum were prepared as 
dercnbed   p re r lous l y   (1 ) .  The anaeroblc e x t r a c t  vas-applled t o  a OEAE-cellulose (OE52, Whdt- 
man) Column ( 2 . 5  I 20 cm) e w l l i b r d t e d   a n a e r o b l c a l l v   w l t h  0.05 M TriC-C1. oH 7.n r n n t r l n ~ n n  

A OEAE-Sephadex A-25 column (2.5 cm x 58 ca) was t h o r o u g h l y   e q u l l ~ b r a t e d   w l t h  0.1 8 NaCl 

0.4 H NaCI ~n buf fer  A was loaded  onto  the column. k t  the  concentrated sample O f  cmpanent 
t n  buf fer  A. P r l o r   t o   t h e   a p p 1 i C d t i . m  of the sample a n  80 rnl 11near gradient  from 0.1 t a  

C, whose conductivity was ddJusted w t h  50116 NaCl t o  be equal t o  0.8 H NaCl ? n  buf fer  A. was 
l a  ded The column was washed f l n a l l y   w i t h  1.0 M NaCl ~n buf fer  A a t  a ra te   o f  10 m l  

c e n t r a t i o n ,  and component C d c t l v l t y .   F m c t l o n s   c o n t d l n l n g  Component C were pooled. concen- 
h-'. ;mCtlOns ( 6  mll were col lected.  Each fraction vas assayed fo r   p ro te in ,   sa l t  con- 

t r a ted   de rOb lcd l l y  and Salt  adJusted dS descrlbed above. 
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4260 Methylreductase  Component C 

(2.5 cm x 65 cn)  whlch  had k e n  thoroughly e w l l i b r d l e d   W t h  0.16 M AaCl in b u f f e r  A. A f t e r  
lk concentrated sample Of component C was appl ied to d OCA[-Sephddex A-25 column 

a p p l i c a l l m  of the  sample. t k  c ~ l v r m  was washed with 1.0 P NaCl i n  buffer A. Conductlvl- 
tles.  prote in  concentrdtlons and compuncnt C d c t l v ~ t y  R T ~  m n l t o r e d  as described dhow. 

b u f f e r  A. P r l o r  t o  sample dpplicdllon. d 90 ml l lnedr  gradlent  fvom 0.2-0.3 H NaCl !n buffer  
A was loaded on the colunn. T h e  concenlra led sample  of component C was d p p l r e d  a d  eluted ds 
described  preulourly.  Peak f rdc l lonr   contdlned pure Connonent C as Judged by nOndissOcIatlng 
g e l   e l e c l m p h o r e s l s .  Occasionally a peat f r a c t l m  frm t h t l   c o l u m  was s l i g h t l y  Contdnlndted 
w t h   o t h e l  proteins and required rechrmdtogrdphy on DLAC-Sephddex A-25 l o  dchleve f l n d l  pur- 
l f l c a t l m  as dercr lbed for t h e   l h l r d  DEAL-Sephader 1-25 column. 

A l h r r d  DIAL-Stphadex 11-25 column ( 7 . 5  Cm x 65 Cm) was equilibrated w ? l h   0 . 2  H NaCl i n  

RESULTS 

Purification of Component C-Component C of the  CHZl- 
S-CoM methylreductase  system of Methanobacterium  ther- 
moautotrophicum was  purified to homogeneity as judged by 
i t s  behavior  upon  nondissociating gel electrophoresis  and  sed- 
imentation velocity centrifugation. As shown  in Fig. 1 when 
component C  was subjected  to  electrophoresis  on polyacryl- 
amide gels of varying  porosity a t  either  pH 7 or  pH 9, only 
one  major band  was detected  on gels stained for  protein. 
Sedimentation velocity centrifugation of component C  re- 
vealed a single, symmetrical  sedimenting-boundary with a 
corrected s value of 15.05. 

The purification scheme employed  for the purification of 
component C relied heavily  upon the use of gradient sieve- 
sorptive  chromatography (25). Through  the use of this  chro- 
matographic  method, i t  was possible to remove extraneous 
proteins  and  yet  maintain  an  active  component C. Conven- 
tional methods of protein purification  were either ineffective 
or  fatal  to  the purification of component C. The progress of 
one  representative purification is summarized in Table I, and 
an example of gradient sievesorptive chromatography as ap- 
plied to purification of component C is  shown in Fig. 2. The 
purified protein was enriched only 8.3-fold over cell-free ex- 
tract with  a  recovery of 17% of the initial  units. The protein 
has been purified both aerobically and anaerobically without 
any pronounced  differences in activity  or physical properties. 
The purified protein was stable for months  on ice. 

Physical  Properties of Component C-The molecular 
weight of purified component C has been determined by two 
methods  to be approximately 300,000. When  the  data  obtained 
from Fig. 1 were plotted  with  those  obtained for suitable 
standards according to  the  method of Hedrick and  Smith (12), 
an M ,  of 330,000 was  found  for component C (Fig. 3). Similarly, 
chromatography of component C on a calibrated  Sephadex G- 
200 column  gave  a M, = 300,000 (Fig. 4). 

The amino acid  composition of component C has been 
examined;  based on  an  M, of 300,000 the moles of amino  acid/ 
mol of protein values were: Asp, 272; Thr, 126 Ser, 117; Glu, 
347; Pro, 149; Gly, 259; Ala, 272; Val, 214; Met, 60; Ile, 138; 
Lys, 45; Tryp,  not  determined; Cys, 29. The most  unusual 
feature of the  amino acid composition  was  a 2:l preponderance 

1 1  
O't  ?! . 1 - 1 1 ' O  

MW x 10-4 

of acidic amino  acids  to basic amino acids, a fact  supporting 
the  observation  that  the  protein complex bound rather tightly 
to anionic ion exchange resins. The  ratio of polar to nonpolar 
amino  acids was 1.36, and V calculated  from the  amino acid 
composition  was 0.71. 

The  subunit composition of component C after SDS-gel 
electrophoresis is shown in Fig. 5. The  native protein is 
composed of three different subunits: M ,  = 68,000, M, = 
45,000, and M, = 38,500. The  estimated molecular weight of 
the two smaller  subunits  vaned slightly, i.e. 53,000. The fact 
that  each  subunit was present in equal molar amount in 
component C is  supported by densitometer scans.  Graphical 
integration of each peak area gave the following molar subunit 
stoichiometries  on a total mass basis: 2.1 for the M, = 68,000 
subunit; 1.9 for the M ,  = 45,000 subunit,  and 2.15 for the M, 
= 38,500 subunit in the  native  protein of M ,  = 300,000. Thus, 
the  native  protein  contains two  copies of each  subunit. 

Evidence  to  support  the presence of three different subunits 
in the  native  protein was obtained  through NH2-terminal 
analysis. Component C  was separated  into  its  constituent 
subunits by  SDS-gel  electrophoresis, the band  corresponding 
to  each of the  subunits was excised, eluted,  and subjected to 
electrophoresis again to  assure  its purity. These  separated 
subunits were dansylated, hydrolyzed, and  then chromato- 
graphed  on polyamide sheets with the  appropriate  standards. 
Methionine  was  the NHn-terminal amino acid of the M, = 
68,000 subunit  whereas  the two smaller  subunits contained 
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alanine at this position. Treatment of the  native  protein with 
dansyl chloride followed by hydrolysis and  chromatography 
gave  only  two spots  on polyamide sheets, corresponding to 
methionine  and alanine. The  alanine  spot  had  greater fluores- 
cence intensity when viewed under long  wavelength  ultravi- 
olet light. Thus, only three  subunits were  found for component 
C. 

The protein had a characteristic nonfluorescent, yellow 
color, the  spectrum of which is shown in Fig. 6. The protein 
had  an  absorbance maximum a t  425 nm and a shoulder a t  455 
nm. There were no peaks in the 300 nm region as would be 
expected  for a typical flavin. Over  a 2-h incubation period, 
none of the common reductants  such  as  ascorbate,  dithionite, 
or sodium  borohydride or  oxidants  such  as ferricyanide 
brought about  any significant change in the visible spectrum 
of the protein. Attempts  to  perturb  the visible spectrum of 
component C by addition of either hydrogenase or hydrogen- 
ase  and  component B were not successful. 

Reconstitution of CH,,-S-CoM  Methylreductase System- 
The ability of purified component C to  reconstitute  the CHi3- 
S-CoM methylreductase  system  is shown in Fig. 7 .  The  rate 
of methanogenesis was linearly dependent  on  added compo- 
nent C over a 5-fold concentration range, i.e. 133 nM to 670 
nM. The  slight  amount of activity  seen in the  absence of added 
component C was due  to residual  enzyme adhering  to  the 
much  cruder hydrogenase. This was  readily demonstrated by 
immunodiffusion experiments  where  both  hydrogenase  and 
purified component C were allowed to diffuse toward  antibod- 
ies to  component C. The immunoprecipitation line obtained 
for the hydrogenase  fused  with that found for the purified 
protein (data  not  shown). 

Immunodiffusion:  Detection of Component C in Other 
Methanogens-Immunodiffusion experiments were under- 
taken  to  determine  whether  antibodies  to  component C of M. 
thermoautotrophicum would react with extracts of other 

I 1 I I  
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methanogens  to produce  immunoprecipitation. Clarified cell- 
free extracts of the following methanogens were prepared: M. 
thermoautotrophicum;  Methanospirillum  hungatei;  Meth- 
anohacterium formicicum; Methanohacterium  htyantii  str. 
MOHG,  Methanohrevibacter  ruminantium  and  Methanogen- 
ium  marisnigri. All methanogens  tested gave  immunoprecip- 
itation lines that fused  with component C except M. maris- 
nigri  and M. ruminantium even though  these  extracts had 
fully active  methylreductase activity. 

Imrnunoreplicate Electrophoresis-Because of the  tend- 
ency of component C to associate  with other proteins in  cell 
extracts,  it seemed wise to examine the cross-reactivity of 
these  methanogen cell-free extracts  after resolution by non- 
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dissociating gel electrophoresis on a 10% polyacrylamide  slab. 
The  results  are shown  in Fig. 8. Clearly M. marisnzgri and M.  
ruminantium have  protein  bands  with  the  same mobility as 
purified component C, but as described  above, these failed to 
cross-react with antibodies  to  component C. 

DISCUSSION 

Since  component C is an acidic protein,  ion exchange chro- 
matogrzphy  appeared  to  be a logical technique  to use  for 
purification. Chromatography of component C on  DEAE-cel- 
lulose under a variety of conditions  gave negligible purifica- 
tion. The use of the  stronger  ion exchange  resin DEAE- 
Sephadex A-25 resulted  in  nearly  total  inactivation of recover- 
able  component C  activity. Poor purification was  obtained 
with Sephacryl S300 or Bio-Gel P200. A method of purifica- 
tion was  needed that would remove contaminating  proteins 
and still yield an  active  component C; gradient sievesorptive 
chromatography  fulfiied  these  requirements.  Furthermore 
component C  emerged  from these columns in a concentrated 
band of activity  and  its  behavior was  reproducible  from col- 
umn  to column. This  technique  may  be ideal for the purifi- 
cation of other large, multisubunit  proteins  where  stability  is 
a problem. 

The low increase  in specific activity  upon  purification of 
component C is puzzling. However, as seen in Fig. 7, compo- 
nent C is one of the  major soluble proteins released upon cell 
breakage. Whether  or  not  it  is 12% of the  total  protein  remains 
to be seen.  It also is possible that one or  more of the  proteins 
removed during  the purification of component C may play  a 
role in efficiently integrating  component C into  the  methyl- 
reductase  system.  Experiments  to clarify this possibility are 
in progress. 

When  it became evident in 1967 (26) that  the  major  meta- 
bolic system used by most  methanogens was an  anaerobic 
respiration in which hydrogen was oxidized and  carbon dioxide 
was reduced to  methane, we concluded that  ATP  synthesis in 
these organisms must occur  by electron  transport  phosphor- 
ylaticn;  ATP pools and  the effect of uncouplers  were studied 
(27, 28). Recently,  excellent  evidence has been presented by 
Doddema  and Vogels (29, 30) as well as by Sauer et al. (31, 
3 ! ! )  that  intact vesicles of methanogens oxidize hydrogen, 
prodwing  ATP by electron  transport  phosphorylation with 
the reduction of carbon dioxide to  methane.  The  membranous 
vesicles of Sauer et al. (32)  produced only a slight  increase  in 
methane  formation when ATP  or  CHa-S-CoM were added, 
and only  a fraction of the  methyl moieties of added CH3-S- 
CoM was converted  to  methane by these  intact vesicles. To  
us  there  appears  to be  a reasonable  explanation for these 
results; the  membranous vesicles may  represent a  highly 
integrated  system in which ATP  and CHz-S-CoM could be 
generated in  nearly saturating  amounts  either  on  or inside the 
membrane  environment.  Thus, externally added  ATP  or CH3- 
S-CoM,  both highly charged molecules, may  not  penetrate 
readily to  the  appropriate enzyme sites in the  membrane. 

To understand  the enzymology of this multi-enzyme, multi- 
coenzyme system, we have elected to  study specific reactions 
the  components of which can be fractionated in  solution. 
(Whether  or  not  these  proteins  are  truly soluble is another 
question.) We have focused on the CH:%-S-CoM methylreduc- 
tase,  and by providing ATP  and CHn-S-CoM have simplified 
the  system,  component C being the first protein  to be purified 
to homogeneity. The  native protein as purified contains six 
subunits having  a stoichiometry of ( Y Z ,  j j 2 ,  and y~. The molec- 

ular weight of about 300,000 is slightly greater  than twice that 
reported by Gunsalus  and Wolfe (1). Although no evidence of 
an M ,  = 135,000 component C was found during  any  stage of 
purification; it is possible that  their  protein was  a trimer 
composed of a, p, and y subunits.  Component C has a distinct 
nonfluorescent, yellow color which can be attributed  to  an 
acid- or  heat-extractable chromophore. Neither  the  structure 
nor  function of this  chromophore is known at  the  present 
time. Preliminary  observations suggest that  the  chromophore 
is  the nickel-containing factor FdSO (33). 
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