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The rcladvc configuration of the ptcrin moiety of 5,6,7,5-tetrahydromcthanoptcrin 1, a cocnzymc isolated from mcthanogcnic archaea, has been 
determined by two-dimensional NMR spectroscopy of P,A”“-methenyl-S,(i,?$-tctrahydromcthanopterin 2 to be rel-(6R: 7s; I I R). The complete 
proton resonance assignment of the pterin moiety of ~.N’n-methylcne-S,6,7,S-tctrahydrometl~anopteri~~ 3 is described including the relative 

stereospccific assignment of the C( 140) mcthylcne protons. 

5.6.7,8-Tstrahydromethanopterin: Relative configuration; Hctcronuclear two-dimcnsiunul NMR; Mul~~ulur modelling; Methanogenic archaca; 
~i~rllriflobucteri~~t~t th~r~troatttotropiricrrrll 

1. INTRODUCTION 

5,6,7&Tetrahydromcthanopterin 1 serves as a car- 
rier ofC,-fragments in the metabolism of methanoyenic 
archae [l], being an analog of tetrahydrofolic acid, 
which is utilized by higher organisms as a C, carrier [2]. 
In the reaction pathway of methsnogenesis, CO2 is re- 
duced to methane in a stepwise manner [3,4]. In the 
course of this reaction sequence, @,N”-methenyl- 
S,6,7&tetrahydromethanopterin 2 as well as P,N’O- 
methylene-5,6,7&tetrahydromethanopterin 3 are ob- 
served as intermediates [S]. In contrast to tetrahydrofo- 
lit acid [6,7], neither the absolute nor the relative config- 
uration of the pterin moiety of 1 have been established 
to date. In this communication we rcgort the relative 

Correrpanfhcc address: C. Gricsingcr. Inslitutc for Organic Chomis- 
try. University of Frankfurt, Niederurselcr Hang, D-W-6000 Frank- 
furt/M 50. Germany. Fax: (49) (69) 5800 9250. 

‘Current address: Department of Biochemistry, University of Oxford, 
South Parks Road, Oxford, OXI 3QU, UK. 

This work was presented in part at the 13th European Expcrimcntal 
NMR Conference, Lisbon, ICC19 June 1992. 

Abbrcvhtions: NMR, nuclear magnetic rtionancc spectroscopy; 
TOCSY. total correlution spectroscopy; (DQF-)COSY, (double quan- 
tum filtered) corrclatcd spectroscopy; ROESY, rotating frame nuclear 
Ovcrhauscr enhancement spectroscopy. 

configuration of 1 as determined by 2D NMR of its 
derivative 2. 

2. MATERIALS AND METHODS 

5,6,7,3-Tetrahydromcthanopterin 1 was isolated from Illerka~ro- 
imterhm thcmroautotroplticurll [8]. ~,N10-Methenyl-S.6,7,8-tctrahy- 
dromcthanopterin 2 was prepared by enzymatic dehydrogenation of 
~,N’a-msthylene-S,6,7,8-tetrahydrometl~anopterin 3 [9], which was 
synlhesiecd from 5,6,7,&tetrahydromcthanoptcrin and formaldehyde 
by spontaneous reaction [S]. [n~e~/~~~lme-~3C]-NS,N’“-Mcthylene- 
5,6,7&tctrahydromethanopterin was synthesized from 5,6,7,8- 
tctmhydromethanopterin and [13C]formuldehyde (99% ‘“C; 20% w/w 
in water; Cambridge Isotope Laboratories, MA, USA). The com- 
pounds were purified to apparent homogeneity by onzerobic high 
performance liquid chromatography on LiChrospher 100 RI’-18 (4 
mm x 125 mm column, Merck, Darmstadt, Germany) in 25 mM 
formate pH 3, containing 30% methanol [IO]. The sample of Ns,IP’- 
methenyl-5,6,7,btetrnhydromethanoptcrin analyzed by NMR was I I 
mM in D?O containing 50 mM potassium phosphate buffer pH 7.4. 
The sample of [~~zct/~~l~ne-“C]-~.N10-methylene-5,6,7,8-tetrahydro- 
methanopterin was 4 mM. 

NMR spectra of 2 wcrc acquired at 293K on an AMX 600 spec- 
trometer equipped with a broadband inverse probe. The “C-filtered 
TGCSY expcrimcnt [I 11 was recorded with 512 and 1,536 real points 
in [u, and wl, respectively, covering a sweep width of 2,732 Hz. The 
spectrum was strip-transformed (171 Hz covered by 1,024 real points) 
in u.+ to cnhancc digital resolution. Shifted squared-sincbcll npodisn- 
tion (shifted by n/3 and n/2 in o1 and w,, rcspectivcly) was us~vl in both 
dimensions. To validate homonuclear proton couplings taken from 
the one-dimensional spectrum, the spectrum of the pterin moiety w~ls 
simulated with the chemical shifts and coupling constants cxtractLd 
from the cxperimcntal spectrum using the program package PANIC 
[ 121. A DQF-COSY of 3, covering a sweep width of 3,205 Hz by 2,iJ48 
and 5 I2 real points in t. nnd f,, respcctivcly, was recorded at 3 I3K on 
nn AMX 400 spcctromcter equipped with R broadband inverse probe. 
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Fig. I. Formula of 5,6,?,8-tctrallydromethanoptcrin 1 and relevant fragments of ~,N’0-methenyl~5.6,7.8-tctrahydromethanopte~n 2 and ,v,N”- 
mcthylenc-5,6.7.S-tctrlhydromethnnopurill 3. The relative configuration of the pterin moiety and the relative sternospecific nssignmcnt of the 

protons of C(14a) are indicated as determined in this paper. The numbering scheme for the ptcrirt moiety was adopted from ref. [IS]. 

A NOESY expcrimcnt of 3 with “C decoupling in I, and f2 and a 
mining time of 150 ms was recorded on an AMX 500 spectrometer. 
2,048 and G40 real points were collected in f2 and I,, respectively, over 
a sweep width of4,504 Hz. Chemical shins arc rcfcrcnced relative to 
external 3.(trimcthylsilyl)-pro;ionate-d,. 

The minimum cncrgy confomlations of the four possible dia- 
slemomcrs of the pterin moiety were identified by Monte Carlo 
searches of the conformational space using the molecular modclling 
package MOM0 [13] which employs the force field program PIMM 
[14]. For each diastereomcr 1,000 permutations were generated by 
stochastical variation of the torsional angles N(S)-C(Ga)C(7a)-N(8) 
and N(5)- C(Ga&C(l In)-N(I0) and at least 40 conformations wet-c 
minimized. In each cusc either only one conformation was found or 
one conformation wits round 10 be much lower in energy than any 
other. 

3. RESU’LTS AND DISCUSSION 

The resonance assignment of M,N”-methenyl- 
5,6,‘7,8-tetrahydrornethanopterin 2 has already been 
published [lS]. However, the configuralion at the cen- 
ters C(Ga), C(7a) and C(1 la) of the pterin moiety of 1 
is still unknown, Since homo- as well as heteronuclear 
3J coupling constants are related to dihedral angles via 
Karplus relations [16], such coupling constants are used 
for the elucidation of the relative contiguration at the 
above mentioned centers. Whilst homonuclear proton 
couplings of such medium-sized molecules are easily 
accessible from either one-dimensional or COSY spec- 
tra, heteronuclear filtered TOCSY [1 l] is a reliable 
method to accurately measure heteronuclear coupling 

constants, provided that ail carbon atoms of interest are 
protonated. Since this prerequisite is fulfilled for 1 and 
its derivative 2, a ‘3C-filtered TOCSY experiment of 2 
was recorded to determine the heteronuclear 3J,-H cou- 
pling constants. An expanded region of the ‘3C-filtered 
TOCSY experiment is shown in Fig. 2. 

The homo- as well as heteronuclear coupling con- 
stants around the C(Ga)-C(7a) and C(6a)-C( 1 la) bonds 
in 2 as derived from a one-dimensional proton spectrum 
as well as from the ‘%Xiltered TOCSY experiment are 
shown in Table I together with the appropriate dihedral 
angles of the minimum energy conformations of the 
possible diastereomers of 2, as obtained from molecular 
modelling [13]. 

The large homonuclear proton couplings observed 
suggest that the vicinal protons C(6a)H, C(7a)H and 
C(6a)H, C(lla)H are in mutual funs arrangements. 
This conclusion is coni%med by the size of all relevant 
heteronuclear coupling constants as well as by the ob- 
servation of a NOE cross-peak between the protons 
C(7a)H and C(1 1a)H which is stronger than the 
C(1 la)lM/C(6a)H NOE cross peak, excluding the amif 
syrs and syrhwzti configurations. Furthermore, compari- 
son of the minimum energy conformations of the pro- 
posed configuralion and of the other possible diastere- 
omers shows that the dihedral angles obtained for the 
minimum energy conformation of any of the other dias- 
tcreomers are in contradiction with the measured cou- 
pling constants. The respective dihedral angles are un- 
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Fig. 2. Contour plot of the ‘3C.Rltrrccl TOCSY cxpcriment of 2 showing cross-peaks between C(Ga)H (a):) and C(12a)H, and C(13a)H, (w,). The 
large coupling constant 3Jc(~)Hx(,~u) = 7.2 Hz and the small coupling constant 3Jc(ti,jHC(,30J = 2.4 Hz are clearly visible as displacements in co?, while 

the multiplet components are separated by the large ‘Jcrr couplings in CO,. 

derlined in Table I. Thus the relative configuration of 
2 is rel-(6R; 75; 11R). Fig. 3 shows a drawing of the 
conformation of 2 as defined by the dihedral angles 
given in Table I. 

The resonance assignment of the pterin moiety of 3 
was reached in the following way: the C(12a) methyl 
group (1.41 ppm) and its adjacent proton C( 11 a)H (3.8 1 

ppm) were identified by their COSY cross-peak and by 
their NOESY cross-peaks to the aromatic protons 
C(2b,6b)H (6.68 ppm). The remaining methyl group 
and its adjacent proton were assigned to C( 13z1)l-I~ (1.27 
ppm) and C(7a)H (3.02 ppm). C(6a)I-I (2.64 ppm) was 
identified by its COSY cross-peak to C(7a)H. In contra- 
diction to the literature [S], the protons of the %(14a) 

Table I 

Summary of experimental )J coupling constants and dihedral angles obtained from molecular modclling for the four rclativc configurutions of the 
pterin moiety in 2 

GR; 7s: IlR 
cu~rilcurri 

Dihedral angles 

GR; 7R: I IS 6R; 7s; 11s 
syr1fsy1 cinrif3yn 

6R; 7R; 11R 
sJn/mli 

C(La)H-C(1 1o)H 8.3 -14G.7 13.5 -27.9 -142.4 
C(6a)H-C(12n) 1.2 -22.9 -106.8 -19.7 -153.8 
C( 1 I n)H-C(7n) 5.8 -21.6 140.0 95.3 -1S.G 
C(6a)H-C(7a)H 9.5 17G.O 61.8 175.0 56.2 
C(6n)H-C( 13~) 2.4 55.8 -175.1 53.9 lE?i 
C(7n)H-C(1 la) 1.4 50.9 -64.8 51.6 -65.j 

Arri and syn refer to the relative arrangement of C(6a)H/C(7a)H and C(6a)H/C(I Ia)H (in this order). The dihedral angles underlined contradict 
the measured coupling constuts. 
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Fig. 3. Stick and ball drawing of the minimum cncrgy conformation of 2 as dctcrmincd by molccuhr modclling. The confonxstions around the 
C(7+C( 13~1) and C( I la)-C( 121) bonds arc? not truly represcntd because of free rotation of the methyl groups. Carbon atoms are drawn shadowed, 

nitrogen dotted, oxygen crissecrossed and hydrogen spotted. 

C(14a)H, - 

C(l4a)Hb 

I Q D 

I-1 I I 1 4 , 4 I I . , 1 2 - ’ 1 
r mm 

ppm 5.0 4.5 4.0 3.5 

Fig. 4. Expanded region of the DQF-COW of 3 showing cross-peaks betwc-n the W(14a) mcthylene protons as indicated. Thti displ;lcEmcnt 
rnmkcd is due to the direct O-i-coupling and proves that both protons form R mcthylcnc group. 
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methylene group (3.7 I, 4.96 ppm) were clearly identified 
in the COSY spectrum by their doubled set of cross- 
peaks due to the direct coupling of both protons Lo 
‘V(l4a) as snown in Fig. 4. 

The relative stereospecific assignment of these dias- 
tereotopic protons was derived from the observation of 
an NOE cross-peak between C(7a)I-I and C(14a)H, at 
3.7 1 ppm as well as C( 12a)H3 and C(14a)Hb at 4.96 
ppm. This shows that C(l4a)H, and C(7a) are located 
on the same side of the pterin ring system and that 
C(lZa)H, and C(14ajMI, are located on the other side. 
Therefore, C( 14a)H, is assigned the rel-Qro-S), and 
C( 14a)Hb at 4.96 ppm the rel-Qxo-R) configuration. 
This assignment is identical with the previously ob- 
tained assignment for ti,N’“-methylene-tetrahydro- 
folate j17.181. 

The determination of the relative configuration of 1 
and the relative stereospecific assignment of the dias- 
terotopic methylene protons of 3 open the way for in- 
vestigations of the relation between structure and bio- 
logical function of 5,6,7,8-tetrahydromethanopterin, 
which may lead to an understanding of its role in com- 
parison to the closely related coenzymc tetrahydrofolic 
acid. 
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