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SUMMARY

FeMo-cofactor, isolated from nitrogenase of Qzolobacler vi-
nelandii , hes been studied by IR-, Raman-, UV-, and AUGER-spe-
cproscopies. CoenzymeA has been supposed to be present as a co-
mponent of the FeMo-cofactor. The pattern, explaining the pos-

gible functional role of the coenzymeA - lipoic acid couple in
the dinitrogen reduction by nitrogenase, has been put forward.

INTRODUCTIQN

A whole number of investigations haes been devoted to the
structural and functional role of MoFe-protein of nitrogenase
as it might throw some light on the mechanism of biological
fixation of nitrogen. The isolation of low-weight FelMo-cofact-
or (FeMo~co) (1), containing molybdenum, iron, and acid-labile
sulfur in the ratios 1:(6-8):1, simplifies substantially the
problem of compositional and structural analyses of FeMo-clus-
ter (FeMoS) of nitrogenase active site (2-7). According to pa-
pers (7,8) Fello-co contains neither peptide basis nor individu-
al amino acids. However, it was found that organic unidentified
compound with NH,-group was a component of FeMo-co (8).

Recently in (9) there has been an S-containing organic co=
mponent found, which is coordinated with Fe, and a supposition
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has been made, that it might be lipoic acid, probably in the
complex with coenzymeA (CoA). Indirectly on the ground of thin
-layer chromatography experiments lipoic acid only has been
detected (9), but the other organic compounds were not iden-
tified.

In the present work we have made an attempt to clarify,
whether CoA or any adenosine-containing components are present

in PeMo-co, using IR-, Raman-, UV-, and AUGER-spectroscopies.

MATERIALS AND METHODS

FeMo~co was isolated from crystalline MoFe-protein as in
(1). Its catalytic activity was determined by CaHas reduction
in the presence of NaBH4 and after subsequent recombination
with defect nitrogenase™of mutant of Qrolobacler vinelandit
UW-45 in the presence of ATP-generating system (1,10). The Fe-
and Mo-contents were defined by atomic absorption spectroscopy.
The number of SH-groups was estimated by amperometric titrati-
on (11), labile sulfur was detected as in (12). The degree of
FeMo~co homogeneity was evaluated by thin-layer chromatography
on the SILUFOL plates. The cofactor dried till complete remov-
al of the solvent anaerobically was used in our work (fraction
I). To obtain some fractions of PFeMo-~co the dried powder (frac-
tion I) was treated with chlorophorm:methanol (1:1? mixture
for 30-60 min and then centrifugated for 30 min at about 3000g.
Supernatant liquid was gethered and dried under anaerobic con-
ditions (fraction II). The remaining residue was washed with
chlorophorm-methanol mixture and dried again (frasction III).

Individual coenzymeA (Kyowa Hakko, Japan) and NAD, NADP
(Reanal, Hungary) were investigated as references.

IR-ebsorpetion spectra were recorded on spectrophotometer
PE-~325, the samples were prepared as KBr-pellets. Raman spect-
ra were excited with Ar+-laser (5145 X) and registered on spe-
ctrometer "Coderg PHO". UV-absorption spectra were recorded on
spectrophotometer "Unicam SP 800", the samples were prepared
as water or chlorophorm-methanol solutions, the thickness of
en optical layer being O.1 mm.

AUGER-sgectra were recorded on spectrometer PHI-551 at
vacuum 5x10~~7 Torr in the test-chamber. The engrgy ogzelectron
was 3 kV and the current density was ca. 2x1072 a cm “.

The line positions (kinetic energy of AUGER-electrons)
were calibrated relative to KLL.C line, whose E, . was defined
as 272 eV. kin

The formamide solution of cofactor wes put on the Al-foil,
then dried at 150°C. The surface of the samples was subjected
to special pretreatment by means of ion argon sputtering for a
short period immediately before the measurements.
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Figure 1: IR-spectra of FeMo-co, CoA, NADP and ATP (KBr-pel-

lets

RESULTS AND DISCUSSION
Chromatography of FeMo-co in N-methylformamide showed ho-
mogeneity of the investigated compounds. Catalytic activity of

FeMo-co, measured with the addition of NaBH,, was 30 nM C

1 1

4 2ty

min” 'nM~' Mo and after the recombination with defect nitroge-

H, min~ 'nM~' Mo. The ratio Mo:Pe:S™ " :SH was

nase - 300 nM 02 4

1:8:6:8.

Vibration Spectra. Fig. 1 presents IR-spectra of FeMo-co
(I), CoA~S~-Ac and NADP, The spectrum of the cofactor is more
complicated because it contains greater number of bands. How-
ever it is noteworthy, that all intensive bands, characteris-
tic of individual CoA or NADP, are in the FeMo-co spectrum,
their coincidence being observed not only in their frequency,
but also in intensity, i.e. it is very likely that Pello-co co-
ntains a component with adenosine group.

Qualitative assignment of the most intensive bands in IR-
and Reman-spectra of PFeMo-co is given in Table I, where the
vibrations of the following groups: Fe-S, C-S, P=0, CO0~, C=N,
¢=C, C=0, S-H, C-H, OR’ and NH - are identified. It is note~-
worthy, that in IR-spectra of FeMo-co besides adenosine bands,

there are intensive bands at 1600 and 1400 cm'1, characterig-
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Table I

Infrared and Raman Spectra of FeMo-co and CoA

FeMo-cofactor CoenzymeA  NADP ATP

Reman IR IR IR IR Assignment
(em™")  (em™)  (em™)  (em™")  (em™)

200
227w+ 235
262m 318 d(ece)
368s 274 V(Pe-3)
395
415 405 420
432w
530w 524 516 516 516
678s 720 V(C-S)
896 900
940 940 940 914 fr(cHy)
1045m 1050 968
1070 1076 1084 1100
1180 1120 1110 1120
1236 1234 1240 1254 V(P=0)
1394 Vg(C00™)
1604 Vag(C00™)
1670 1660 1640 1646 V(C=N,C=C)
1708 1692 1690 1712 v(Cc=0
2450 N(s-H)
2850 2850 2850 2850 V (CHp,CH3)
2920 2920 2940 2940 V as{CHp,CH3)
3400 3400 3400 3400 v (OH,NH)

w ~ weak, m ~ middle, s ~ strong

tic of stretching frequencies of carboxylate ion Oas(COO'),

and OS(COO'), respectively.

Electron gspectra of FeMo-co(II) and CoA are given in

Fig. 2. If the absorption band with . nax = 262 nm is charac-
teristic of CoA spectrum in water solution, then there is an
absorption band with ‘A‘max = 275 nm in FeMo-co(II) spectrum

of chlorophorm-methanol solution. The shift into the long~wave

region is caused either by the effect of dielectric properties
of the solvent or by the coordination of the adenine ring to

FeMoS.
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Figure 2: UV-gpectra of FeMo-co and CoA (thickness 0.1 mm,
Can-cell)

AUGER~spectrs allow to analyze the surface composition of
the so0lid semples both qualitatively and quantitatively. Fig.
3 presents spectra of PeMo-co(I), (II), (III), CoA and lipoic
acid. PeMo-co(I) spectrum contains such elements as N, C, 5,0,
P, and traces of Fe. The presence of Na-lines is artefact due

to NazHPO4 impurities, therefore the estimation of even rela-
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Pigure 3: AUGER-spectra of FeMo-co fractions, CoA, and lipoic
acid
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tive concentrations of P, O, and S is difficult. The experime-
ntal data for N, C, S, and Fe are more informative. The esti-

mation of relative concentrations of elements of FeMo-co, CoA,
and lipoic acid are given in Table II, where concentration of

nitrogen is taken for 7, which corresponds to its atomic con-

centration in individual CoA.

The sensitivity indexes for elements in AUGER-spectra are
taken from (13).

It should be noted, that [Fe]/[S] ratio considerably cha-
nges in PeMo-co fractions. Thus {Fe] /[Slvalue in FeMo-co(I) is
very small, whereas it is 10/7 in FeMo-co(II), that agrees
well with the results of elemental analysis for iron, and acid
labile sulfur [Fe] /[S™"] = 8/6, obtained independently.

If the whole amount of FeMo-co nitrogen is supposed to be-
long to CoA, then the increese of the [S]/(N] ratio from 1/7
in CoA up to 7/7 in PeMo-co(I) evidences that at most one like

CoA molecule is included in one FeMoS.

Table II

Relative Concentrations of Elements
Measured by AUGER-spectroscopy

Element o c N o P Na Fe
Compound
FeMo-co(I) 7 130 i 20 14 14 traces
FeMo-co(II) 7 80 T 100 20 130 10
FeMo-co(III) 3 100 7 100 14 - -
exper. 1 16 6 9 3 T -
CoA~S-~-Ac
theor. 1 23 6 17 3 - -
exper. 2 7 - 1
Lipoic
Acld theor. 2 8 - 2
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Thus the results of qualitative AUGER-analysis are not
contraversary with the supposition that CoA is included into
the FeMo-co composition, and the quantitative analysis shows
that FeMo-co consists of organic compounds, besides CoA and
FeMoS.

The functionsl role of coenzymeA in dinitrogen reduction

is presented in Fig. 4. Within this model CoA~S-Ac probably
takes part in acylation of lipoic acid, ligated to FeMoS and
the energy stored up by macroergic thio=-ether bond is further
spent to increase the potential of the electron transferred
from FeMoS to coordinated dinitrogen. The reformation of the
initial state of CoA~ S-Ac and Fe-S bonds takes place at the
expense of ATP.

As it follows from (9), there are two FeMo-co units in a
nitrogenase molecule. It is likely to assume that two Mo ions
of edjacent PeMo-co are bridged with dinitrogen (14).Thus two
chains of electron transfer operate and few electrons can jump

simultaneously onto coordinated N2 molecule. This multi-elect-

Ac-5~CoA CoA~5-Ac
fﬁis SLE*A]M
5 1 7
s LA F,E:\ “MoeN= N*M((S:E\Js |
€ HS-[‘DA l Coh-5H ©
fd &Jv—s s\-Lre 40\\; l

3 /5\
. -+ 5

S"I'“ _5_ l-,E\ ,Mo N=N Mo\ , \|' TLJ

ATD Y . ATP
J ‘ G

ADP <7y CoAvS-Ac ¢ DADD

‘%Ek? H SL&ﬁ

e n.u ’S‘M -N= N*Mo’ﬁ\“” 5.11,5

Figure 4: Pattern of probable role of CoA - lipoic acid couple
in the dinitrogen reduction process in the active
site of nitrogenase
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ron reductive cycle is repested again with subsequent formati-
on of a hydrazine derivative and so forth.

The proposed scheme explains the CoA~S-Ac role in the
dinitrogen fixation process. The reactions of an acyl group
transfer to lipoic acid are well known in biochemistry (15).
However, the suggested scheme of interrelation of CoA~S-Ac -
lipoic acid couple with FeMoS and their role in dinitrogen re-
duction are, to our mind, new and unknown before. Therefore we

intend to obtain further experimental confirmetions.

We thank Dr. G.A.Kichigina for Raman measurements and

Prof. A.E.Shilov for helpful discugsion of the results.
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