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Identlﬁcatlon of N5 formyltetrahydromethanoptenn as the product

J. Breitung and R.K; Thalier .

Laboratorium fiir Mikrobiologie; Fachbereich Biologie, Philipps-Universitdt Marburg, Karl-von-Frisch-Sirafe,
: 'D-3550 Marburg/Lahn, FRG :

Received 13 Septembcr 1990; reVised version received 21 September 1990

Formylmethanofuran tetrahydromethanopterm t"ormyllransferase was punﬁed from methanol grown Methanosarcina barkeri to apparent homoge-

neity and characterized with respect to its molecular and kinetic properties. The enzyme ‘was found to be very similar to the formyltransferase

from Hz/CO2 grown Methanobacterium thermoautotrophicum. Tt also catalyzed the formation of NS-formyltetrahydromethanopterin rather than.’
of N©- formyltetrahydromethanoplerm from formylmethannfuran and tetrahydromethanopterin; ‘

Methdnofuran, Formylmethanofurdn Tetrahydromethanopterin; Formyltetrahydromethanopterm Melhunosarcma barkcn,
- Methanobacterium thermoaumtroplmum

1. INTRODUCTION

N-Formyltetrahydromethanopterin - * (formyl-
HsMPT) is an intermediate in the energy metabolism of
méthanogenic archaebacteria [1]. During growth on
CO; and H; this compound is formed from formyl-
‘methanofuran  (formyl-MFR) and tetrahydrometha-
nopterin (H4MPT) in reaction 1 and it is converted to
N ,N'"°.méthenyl-HsMPT in reaction 2. During growth

on methanol the reverse reactions are operative [2,3}. It -
has been proposed that in -some  methanogens

‘NP-formyl-HsMPT and in others the N'%-isomer is the
mtermednate [4].

(1) Formyl-MFPF. + HyMPT = Formyl-HiMPT + MFR
(2) Formyl-H4MPT + H* = Methenyl-HsMPT*

Reactions 1 and 2, which are slightly exergonic under
standard conditions {5}, are catalyzed by formylmetha-
nofuran:tetrahydromethanopterin =~ formyltransferase
Cand - by | N, N'-methenyltetrahydromethanopterin
‘cyclohydrolase, respectively. The two enzymes have
been' - purified from -
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Abbreviations: MFR melhanofuran. HsMPT, ‘tetrahydrometha-
nopterin; MES A-morpholinoethane sulfonic acid; MOPS, y-
morpholinopropane sulfonic  acid; Tricine, N-[Tris( hydroxyme-
thyl)methyl]glycme, 1U =1 /zmol/mm
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-Methanobacterium

| thermoautotrophicum (strain AH) grown on H: and
"CO» and have both been. shown to be specific for

N°-formyl-HsMPT [6,7]. The cyclohydrolase has also
been purified from methanol grown Methanosarcina
barkeri (strain. MS) [4]. The analyses of the product

" formed from N°,N'°-methenyl-H;MPT by the enzyme

from M. barkeri were interpreted: to indicate that-the

“cyclohydrolase from this organism is specific for the
' N'-isomer. The evidence was, however, not unam-
‘bngnous and experiments showing that the enzyme can

catalyze the conversion of N'-formyl-H,MPT to
N ,N'%-methenyl-HsMPT were not presented [4].
If in M. barkeri the cyclohydrolase: is specific for

" N'-formyl-H4MPT then the formyltransferase from

this organism should also use the N”’-lsomer. We

‘therefore purified the formyltransferase from methanol
‘grown M. - barkeri and - determined the N-formyl-

HsMPT isomer gene‘rated.‘ We also tested whether cell
extracts of M. barkeri are capable of catalyzing the con-
version of AN'-formyl-HsMPT to A°,N'%-methe-

o nyl H4MPT

2. MATERIALS AND METHODS

‘M., barkeri (strain Fusaro, DSM 804) and M, thermoautotrophicum
(strain Marburg, DSM 2133) were from the Deutsche Sammlung von
Mikroorganismen  (Braunschweig, - FRG). The - two bacteria: were
grown on methanol and Hz/CO,, respectively, -and harvested and
stored as described [8).

MFR and HsMPT. were isolated from M. thermoautotrophlcum
{strain Marburg) [9],: Formyl-MFR was_ synthesized from MFR and
4-riitrophenylformate .[6]. N°- formyl-HsMPT was generated ‘from

- formylmethanofuran and HsMPT with purified for'nyltransferase
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Table I -

‘Purxﬁcauon of formylmethanofuran tetrahydromethanopterm formyltranferasc from
Methanosarcina barkeri ‘

Purification step Activity® Protein® Specific '~ Purification - - Yield
‘ : : activity ‘ ‘
o ) (mg) (U/me) (-fold) (%)
“Cell extract . 953 762 ©1.25 I 100
60% (NH4)280,- :
supernatant L6120 300 2.04 1.63 ‘ 64
Phenylsepharose 483 7.2 67.6 54,1 51
Mono Q HR o n o R ‘
10/10 : 185 .. 0,63 610 - 488 41

® The activity was detérmined at pH 7, 37°C and non- saturating substrate concentrations (0 1.

“'mM formylmethanofuran; 0.065 mM H:MPT); 1 U =

1. gmol»min~}

bprotein was deter'mned v1a the Bradford method [15,16] using ovalbumm as standard

from M, thermogutotrophicum (6], N‘°4formyl-H4MPT was~
chemically synthesized from N°,N'"-methenyl-H4MPT at: pH 14
[4;10]. N’ ,N'°methenyl-H4MPT was prepared from HMPT and

formaldehyde in the presence of purified N°,N'°-methylene- H4MPT ‘

dehydrogenase from M. thermoautotrophicum [11,12],

2 1. Purification of formylitransferase from M. barkeri .
Cell suspensions.(13 ral; 40 mg protein/ml) in'50 mM MOPS/KOH

pH 7.0 were passed twice through a French pressure cell at 120 MPa

and room temperature under anaerobic conditions. After centnfuga-
tion at 27000°x g at-4°C. for 30 niin the supernatant (designated cell
.extract) was supplemenced under aerobic conditions with saturated
ammonium suifate solution in 50 mM Tricine/KOH pH 8,0 at 0°Cto
give a:final concentration of 60% saturation. After an hour the
precipitated - protein . was ‘réemoved. by 30 min centrifugation at’
27000% g.. The supernatant was applied-to ‘a column (4x5 c¢m) of
Phenylsepharose. CL-4B -(Pharmacia, Freiburg, FRG) equilibrated
with 50 mM Tricine/KOH pH 8. The column was subsequently: wash-
ed with 200 ml of 50 mM Tricine/ZKOH pH 8, 200 m! buffer contain-
ing 20% ethylene glycol and 200 ml buffer containing 40% ethylene
glycol. The ‘formyltransferase activity was. recovered in- the 40%
éthylene glycol fraction. After dialysis against 50;mM Tricine/KOH
pH: 8 the enzyme vas further purified by ion exchange chromato-
‘graphy on Mono Q HR 10710 (Pharmacia, Frelburg, FRG) previously:
equilibrated with S0 mM Tricine/KOH pH 8 using a linear gradient
of 0-2M KCl (800 ml). The formyltransferase activity eluted at 0.9 M
KClin 12 ml. After concentration and desalting by ultrafiltration the
enzyme in 50 mM Tricine/KOH pH 8 could be stored at 4°C without
significant loss in activity. for at least 1 week. '

2.2. Purification of formyliransferase from’ M.
thermoautotrophicum :

The formyliransferase from the Marburg strainwas purified almost
300-fold in a yield of 64% and a specific activity of 300 U/mg as
described” by Donnelly and Wolfe [6]. Sodium' dadecyl sulfate
polyacrylamide gel electrophoresis revealed the presence of only one’
protein band at the 39.5 kDa position. The properiies of the for-
ryltransferase from M. thermoautotrophicum (strain Marburg) were
‘found to ‘be almost identical to those described for the enzyme from
‘M, thermoautorroph:cum (strain .AH) ‘which' reflects that the two
‘strains are phylogenetically close]y related {13].

2.3. Partial purification of cyclohydrolase from M. thermoauto-
trophicum

Cyclohydrolase was pamally punf:ed by chromatography on.a
DEAE-Sepharose column (fast flow) (Pharmacia, Freiburg, FRG)
which ‘was eluted: with' a step NaCl gradient (0-2 M) in 50 mM
" Tricine/KOH pH 8 urnder anaerobic conditions. The cyclohydrolase
activity eluted at a NaCl concentration of 0.4 M NaCl. Using this pro-
cedure a 3,5-fold purification was achieved yielding a cyclohydrolase

. .showed ' almost

preparauon with a specnﬁc activity of 8§ U/mg which was completely
devoid of formyltransferase activity, - '

2.4, Assay for formyltransferase acnvny T
The activity was routinely assayed in the direction. of formyl- !

* HsMPT formation from formyl-MFR, Thé assays weré performed in

1.m1 0,5 cm'anaerobic cuvettes at 37°C (M, barkeri) or 65°C (M. ther-
moautotrophicum), If not indicated: otherwise the 0.7 ml reaction
mixture contained: 20 mM potassium phosphate pH 7.0; 2 mM
dithiothreitol; 0.1 mM formyl-MFR; 0.065 mM . HsMPT and for-

. myliransferase. The reaction was started by the addition of the en-

zyme and was followed photometncally by measuring the i increase m“
absorbance at 282 nm (Ae =5.1 mM " “em™ ") due to the formation of
No:formyl-HaMPT 6], R TR E

3. RESULTS AND DISCUSSION

3.1. Purification and properties of the enzyme ,
The formyltransferase from M. barkeri was purnfled
almost 500-fold to a specific activity of 610 U/mg in'a
40% yield (Table I). The purification pro‘cedUre‘was
essentially that - described. for the formyltransferase
from M. thermoautotrophicum [6]. The two enzymes.
identical purification -properties.
Sodium. dodecyl sulfate  polyacrylamide gel. -elec-
trophoresis of the formyltransferase from M. barkerz
revealed the presence of only one polypeptide of ap-
parent molecular mass 32:kDa (Fig. 1). Via gel filtra-
tion on Bio Sil TSK 250 (Bio-Rad Laboratories; Rich-
mond CA) the apparent molecular tass of the native
enzyme was' determined: to be 35 kDa using bovine:
serum albumin (67 kDa), ovalbumin (45 kDa), chymo-
trypsin (25 kDa), and cytochrome ¢ (12.3 kDa) as stan-
dards. The UV/Vis spectrum of the purified formyl-
transferase was identical to that of bovine serum
albumin indicating'the absence of a chromophoric pro-
sthetic group. Almost identical properties have been
reported for the” formyltransferase from: M. ‘ther-
moautotrophicum (strain AH) [6,14]. Differences in ap-
parent molecular. masses:of the subunits, however, ex-
ist. The e-xzy'ne from M. t‘:nrmoautormphzcum shows
a subumt apparent molecular mass of 41 kDa [6] and

the enzyme from M. barberi of 32 kDa (see above). In-

o
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Fig. 1. Analysis of purifivd formyltranserase from M, harkeri by

sudivn dodeeyl sulfate polvacrylimide (12.5%9) gel electrophoresis,

Pane 2 and 3 200 ag and 5.3 x puriticd ensyvime Lane | and 3,

moleeular miass standards, 3 ap cach of phosphorylase B (94 K1),

bovine serum albumin (67 kD), ovatbumin (43 kDa), carboanhy-

drase (30 KD, and soybean teypsin inhibitor (20 kDa). The gel was
stained with Coomassie brilliant blue R250,

terestingly, the motecular mass deduced from the amino
acid sequence of the formyltransferase from M. ther-
moautotrophicum is 31.4 kDa {14].

The formyltransferase from M. barkeri exhibited a
pH optimum at 7.0 in potassium phosphate buffer and
a temperature optimum at 65°C. At this temperature
the enzyme was completely stable for more than 4 h,
The activity was also stable in the presence of molecular
oxygen. The formyltransferase could therefore be
purified under acrobic conditions, a property also
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shared by Tormylteansterase Trom ML thermoaito.
trophicumn (the ensvine activity had, however, o be
tested under strivtly anaerobic condittans singe HaMPT
rapidiy anro-oxidizes in the presence of Oy).

fnitial velocity studics vevealed  Michaelis-Menten
Kinetics, Reciprocal plots of /v versus L/[S) at dits
terent fixed concentrations of the second substrate
yielled straight lines which were paratlel, From o replot
ot the intercepts of the ardinate versus the reciprocal
substrate concentration & Py (37°C) of 3700 U/mg
(Rea = 1973 871 a Ky for FLIMPT of 0.4 mM and a Ay,
tor formyl MR of 0.4 mM were obtained. With

Cpuritied  formyltransferase from AL thermoadotro-

phicim (strain Marburg) o Paa (65°C) o1 4200 U/mg
Ko = 2768 57 1), a A for FIMIPT of 0.6 mM, and a &y,
tor tormyl-MIER of 0.5 mM were determined,

The findings indicate that the formyltransferases
from M. harkeri and trom M. thermowotrophicum
are very similar enzymes,

3.2, Speciroscopic analyvsis of the products formed
HMPT,  AM-formyl-HLMPT  and  N-formyl-
FLMPT exhibit characterisitic UV spectra [1,5]. The
HyMPT spectrum shows maxima at 302 nm (e =15.2
mM~ oem™ ) and 247 nm (= 22.5 mM o em T and o
minimum at 276 nm (¢=9.9 mM~'-em™"), The spec-
trum of N*-formyl-HiMPT has a maximum at 282 nin
(¢=16.6 mM~'.cm™ [6] and that of N'-formyl-
H4MPT a mavimum at 288 nm (¢ =11.6 mM~" . em™),
For the interpretation of the spectroscopic data it is of
importance to note that at 282 nm only the N*-isomer
rather than the N'%isomer shows a higher absorbance
than HsMPT. des is 5.1 mM~'.cm™' for the

®
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Fig. 2. UV spectra of substrates and products of the formyltransferase reaction catalyzed by purified enzyme (A) from M. barkeri and (B) from

M. thermoautotrophicum, The dashed line represents the UV spectrum of the substrates before start of reaction with enzyme (0.13 mM HiMPT

and 0,18 mM forimylmethanofuran), The solid line represents the UV spectrum of the produects after completion of the reaction, The 0.7 ml assays

were performed in 0.5 cm anaerobic cuvettes in 20 mM potassium phosphate pH 7.0 and at a temperature of 37°C, The experiment with the enzyme

of M. thermoautotrophicu was also performed at 37°C rather than at 65°C since formyl-HsMPT at high temperatures is unstable and is slowly
converted to N, N'%methenyl-HsMPT,
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POMP TN Yormy - TLMP T couple {6) and essentiadly
O mM am Y oror the FLMPESNY Tarmpl-Ty MPT
couple. Itis also of importance that TormylMER and
MR eshibit identical spectea with aomasimum o 273
e LA MV hoem Yy and a shoulder e 277 am
Gt mdM e TN (1,9), (Note that in the 280
region the e values of MR and formyb MR Gre by an
order of mapgnitude lower than those of tetrahvdrome-
thanopterin and its derivatives,) From the spectra of the
individual compounds it can theretore be predicted th
anly the formation of N-formyl-1 LMPT from FLMPT
and Tormyl-MEFR is associated with aninerease in ab.
sorbance at 282 nm and that the formation of the
N Esomer is not,

The UV spectrum of an assay solufion containing
0.13 mM HLGMPT and 08 mM tormyl-MER before
start of the tormyltransferase reaction is shawn in Piy,
2A and B (dashed lines) 1t is compuosed of the spectra
of HLUMPT and of formyl-MER,

The UV spectrum of the products formed trom
FLMPT and formyl-MEFR in the presence of purified
formyltransferase from AL, barkeri is shown in Fig, 2A
(solid line). An increase in absorbance at 282 nm was
observed indicating that MUMPT was converted to
Ne-formyl-H,MPT rather than to N {ormyl-FHMPT.
The increase in absorbancge was that caleulated for an
over 90% conversion to the N isomer using a deaws: of
5.0 mM~tem™!, When the spectrum of a 0.18 mM
MFR solution was substracted from the product spec-
trum exactly that published for pure Ns-formyl-
H.MPT was obtained (difference spectrum not shown).

In Fig. 2B the UV spectrum of the products formed
from HsMPT (0.13 mM) and formyl-MTFR (0.18 mM)
inn the presence of purified formyltranstferase from M,
thermoaurotrophicum (strain Marburg) is shown. It is
indistinguishable from that obtained in the parallel ex-
periment with purified formyltransferase from M.
barkeri. Formyltransferase from M. thermoauto-
trophicum has been shown to yield N°-formyl-HsMPT
[6].

The substrate and product spectra (dashed and solid
lines, respectively) intersected at 296 mim. When the pro-
gress of the formyltransferase reaction was followed by
serial scanning a clearly defined isobestic point at 296
nm was obtained (data not shown) indicating that only
one N-formyl-H4sMPT isomer was formed from
HsMPT and formyl-MFR [6].

3.3. Ogz-stability of the product formed
N°-Formyl-H4sMPT is stable in air whereas the
N'isomer and H4sMPT are not [1,10]. We therefore
tested whether the UV spectrum of the product formed
from H4MPT (0.13 mM) and formyl-MFR (0.18 mM)
in the presence of formyltransferase from M. barkeri
was affected by 02. No change in spectrum was observ-
ed when, after completion of the reaction, the assay
solution was equilibrated with air. When, as a contro},
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A Aoy HGMP T solution was exposed o air
under  the  same  copditions  the UV spectrum
chiracteristically changed 1o one with maxima w177
i and 320 am [10]. These findings indicate that
NYrormyl-TLMP T was not the praduet formed in the
formyliransterase reaction,

Iob Conversion of the produce to N° N Caneihenyl.
HaMPT in the presence of cvelohyvdroluse from

M. thermoautonrophicum
The NN methenyl-ELMPT eyelohydrolisse of M,
thermaouwutotrophicum —is  specific. for N-formyl-
FLIMEPT us substrate §7]. We therefore tested whether
the product formed by purificd formyliransterase from
M. barkeri is converted to M, A methenyl-H,MPT in
the presence of puritied cyclohydrolase from AL ther
moautotrophicunm. Indeed it was founa that after addi-
tion of the lalter enzyme the spectrum of the produet
rapidly ¢hanged to that of N N'".methenvi-EHsMPT
with  absorption  maxima at 338 nm (¢:221.6
mM o em D and at 287 nm e = 133 M o em Y and
aminimum at 261 um (e = 7.4 mM " an”h). AL pH 6.2
an almost complete conversion was observed and the
rate of conversion corresponded to the cyclohydrolase
activity  added, This finding indicates that the
Nf-isomer is formed in the formyltransferase reaction.

3.5, The formyl-ELMPT isomer used by
cyelohvdrolase of M. barkeri

It was tested whether cell extracts of M. barkeri can
catalyze the conversion of N'-formyl-HsMPT (0.05
mM) to N N'%mcthenyl-H4MPT, the generation of
which was followed at 335 nm (¢=21.6 mM™". ¢cm™")
(in 100 mM Mes/KOF pH 6.2). The result was
negative, When to the assay N*-formyl-HsMPT (0.07
mM), or FHLMPT (0.07 mM) plus formyl-MFR (0.1
mM) were added as an internal control a rapid forma-
tion of N°,N'°.methenyl-HsMPT was observed, The
specific rate of conversion was approximately 1.6 U/mg
protein at pH 6.2. These findings indicate that the
cyclohydrolase of M. barkeri only catalyzes the conver-
sion of the N°- rather than of the N'%isomer.

3.6, Conclusion

It was shown that both the formyltransferase and the
cyclohydrolase from methanol grown M. barkeri are
specific for N°-formyl-H4MPT. Both enzymes were
present in cell extracts in catabolic activities (>1
U/mg). It is therefore concluded that methanogenesis
from methanol in M. barkeri involves N°-formyl-
H4sMPT as intermediate as this has been reported for
methanogenesis from Ha and CO:; in M. ther-
moautotrophicum,
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