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SUMMARY

Syntheses of 7-hydroxy-10-methyl-5-deazaiscalloxazine (7-
HMDI) and 8-hydroxy-10-methyl-5-deazaiscalloxazine (8~-HMDI)
are described, The physicochemical and biological properties
of 8-HMDI, in contrast to those of 7-HMDI, are very analogous
to those of F420, a coenzyme found in methanogenic bacteria.

INTRODUCTION

In the proposed structure of F (the N-(N-L-lactyl-vy-

420
L-glutamyl)~L-glutamic acid phosphodiester of 7,8-didemethyl-

8-hydroxy-5-deazariboflavine-5-phosphate) from Methanobacterium

bryantii the structure of the heterocyclic ring (8-hydroxy-
5-deazaisocalloxazine) was assigned on the basis of NMR spectra
and comparison of its UV spectrum with that of B-hydroxy-FMN
(1). Some uncertainty remained about the position of the
hydroxy group, which was most probably located at carbon-8,
but a carbon-7 position could not be excluded. To obtain un-
equivocal proof both 7- and 8-hydroxy-10-methyl-S5-deaza-
isocalloxazine (7-HMDI and 8~HMDI) were synthesized and their
physicochemical and biological properties compared with those of
F420. 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 8-demethyl-8-
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hydroxy-5-deazariboflavin., but they did not include a 7-
hydroxy derivative in the comparative study of these compounds

with FO, a hydrolytic derivative of F420.

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 6é-chlorouracil (II) and
heating for half an hour at 120°C, Crystallization of the
products leaves colourless crystals of (III) with melting
points at 335°C and 312°C (decomp.), respectively. The obtained
products were dissolved in dimethylformamide (DMF) and treated
with POCljy at 09C. Stirring for one hour and heating then at
100°C for half an hour gave 7-HMDI as orange and B8-HMDI as
yellow crystals (IV} with melting points above 360°C.

Proton NMR spectra were obtained on a Bruker, model WH-90
spectrometer, UV-visible spectra on a Cary model 118 spectro-
photometer and fluorescence data on an Aminco Bowman spectro-
fluorimeter. pK, values were estimated spectrophotometrically
as described previously (1). Redox measurements were performed
by potentiometric 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 (-258 mV), neutral violet (-340 mV),
riboflavin (-208 mv) and H2 (-421 mV) were used as reference.
7-HMDI and 8-HMDI were reduced by Hz and cell-~free extract
of M. bryantii and after replacement of Hy with oxygen-free
Ny, oxidation was performed by anaerobic titration with
ferricyanide or oxygen. The pH was kept constant with 50 mM
phosphate buffer.

M. brxantii was grown as described previously (4).
Prepa;ation of cell-free extract and the assays of hydrogenase
and NADP-linked hydrogenase were performed as reported earlier
(5).

256



Vol. 92, No. 1, 1980 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

T SN ' ‘ ]
i
11
g
.
. |
wpoo 1%
R © —— 7-HMDIpHOB =~ 7-HMDI pH 0.1
= G © === 7-HMDIpH135 —~==THMDT pH b 4
€ 3 Do 8-HMDI pH 9.8 - -B-HMOL pH 4.4
= H 5
= B
o 5;
WE L 420
|
e
]
]
]
I
]
]
|
1 F H10
\
A
\
Y
A
1
A
A
A
N
g . . RN Agj
250 350 450 550 50 350 450 550
wavelength

Fig. 1. UV-visible spectra of 7- and B8-HMDI

RESULTS AND DISCUSSION

Fig. | presents the UV-visible spectra of 7-HMDI in its
four jonic forms. These spectra differ strongly from those of
8-HMDI, which in turn appeared to be identical to those of
F420' apart from blue shifts up to 3 nm and molar extinction
coefficients 0.6-0.7 times those of F420 (Table I). Whereas
reduced 8-HMDI and F420 have an identical absorption band at
320 nm, 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 F420 on
the other hand as to the fluorescent properties, the pKa values
of the hydroxy group (8.2 and near 6.0), proton NMR spectra
and the redox potentials. Therefore, the physicochemical

properties of 8-HMDI, in contrast to those of 7-HMDI, are

very consistent with those of F420.
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Hydrogenase present in cell-free extract of M. bryantii
reduced 7-HMDI and 8-HMDI with apparent Km-values of 65

respectively.

and 100 pyM and Vmax 0.7 and 0.3 times that of Fang’

These values compare very well with the values (within
parentheses) found for F420 (25 uM) and its hydrolytic
fragments FO (100 uM) and Ft (160 uM). 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 Km-values for
deazaisoalloxazines may indicate that they are preferred
substrates. Chemically reduced 7-~HMDI, 8-HMDI and F420 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 F can be

420
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 F as electron donors

420
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 oxidant
is known to react very slowly with deazaflavins (6).

8-HMDI could replace F in the NADP-linked hydrogenase

420

assay which was found to be specific for F and some

420
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closely related derivatives (5,7). Probably due to the high
redox potential as compared to NADP (-320 mV) 7-HMDI could

not replace F in this assay. 7-HMDI inhibited the 8-HMDI

420
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 F420

on the other hand.
From the physicochemical and biological properties of
7- and 8-HMDI it may be concluded that the structure

assignment of F as a 8~hydroxy derivative of 5-deazaiso-

420

alloxazine was correct,

REFERENCES
1. Eirich, L.D., Vogels, G.D., and Wolfe, R.S. (1978)
Biochemistry ll, 4583.

2. Ashton, W.T., Brown, R.D., Jacobson, F., and Walsh, C.
(1979) J.Am.Chem.Soc. 101, 4419.

3. Yoneda, F., Sakuma, Y., Mizumoto, S., and Ito R. (1976)
J.Chem.Soc.Perkin I, 1805.

4. Doddema, H.J., Hutten, T.J., van der Drift, C., and
Vogels, G.DP. (1978).J.Bacteriol. 136, 19.

S. Eirich, L.D., Vogels, G.D., and Wolfe, R.S. (1979)
J.Bacteriol., in press.

6. Hemmerich, P., Massey, V., and Fenner, H, (1977) FEBS
Lett. 85, 5.

7. Tzeng, S.F,, Wolfe, R.S., and Bryant, M.P. (1975)
J.Bacteriol. 121, 184.

260



