J. Am. Chem. Soc. 1984, 106, 1823-1826 1823

Total Assignment of the '*C NMR Spectrum of the
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Abstract: Total assignment of the 13C NMR spectrum of the oxa-bridged cembranoid diterpene eunicin was accomplished
through the combined use of methylene carbon chemical shift regularity behavior associated with (E)-isoprene-derived structural
fragments, lanthanide induced shifts, and two-dimensional proton-carbon chemical shift correlation NMR spectroscopy.

Cembranoid diterpenes present a substantial challenge to the
structural chemist since the elucidation of the structure of each
new member of the series, in essence, requires the total estab-
lishment of the carbon skeleton.* Generally, structures of new
cembranoid diterpenes have been established through the use of
either degradative techniques or single-crystal X-ray diffraction
methods. There has, to the best of our knowledge, been no
successful attempt at establishing a cembranoid structure using
NMR spectroscopic techniques alone. However, with the growing
body of papers reporting partial and total assignments of the 1*C
NMR spectra of members of this interesting class of com-
pounds,> 1% accompanied by the development of two-dimensional
NMR spectroscopy, it is perhaps only a matter of time until the
results of such a study appear. In the interim, the reporting of
additional total 1*C NMR assignments in the cembrane series will
help to establish a data base of sufficient size to be useful in efforts
directed at the 3C/'H NMR based structure elucidation of new
cembranoids of unknown structure. Thus, we now wish to report
the total assignment of the *C NMR spectrum of the oxa-bridged
cembranoid diterpene eunicin (1),!! which has been accomplished

v OH

on the basis of methylene carbon chemical shift regularities of
(E)-isoprenoid structural subunits, lanthanide induced shift (LIS)
studies, and two-dimensional proton—carbon chemical shift cor-
relation NMR spectroscopy.

Results and Discussion

The 13C NMR spectrum of eunicin (1), on initial inspection,
appears to contain only 19 rather than the expected 20 carbon
resonances. The remaining resonance was, however, subsequently
shown to be a quaternary carbon resonance having an accidentally
degenerate chemical shift with the methine carbon resonating at
6 = 73.22. Resonance multiplicities were established via the
acquisition of decoupled INEPT spectra!? (see Table I). Identical
resonance multiplicities were reflected in the measured spin—lattice
(T) relaxation times of the methine and methylene carbons!*
although the distribution of methine carbon relaxation times was
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Table I, !*C NMR Chemical Shift Assignments, Multiplicitics,
and Spin-Lattice (7,) Relaxation Times for Eunicin (1) in
Decuteriochloroform

resonance stace multiplicity? T, s¢
Clé6 170.26 s
Cl15 136.65 S
C8 130.11 S
c7 128.34 d 0.74
C17 121.33 t 0.49
C13 77.20 d 1.46
C3 73.50 d 1.66
Cl4 73.22 d d
C4 73.22 S
C5 40.87 t 0.48
Cl 38.14 d 1.35
c9 37.52 t 0.55
Cl12 33.24 d 0.74
C10 28.66 t 0.46
Cc2 24.30 t 0.51
C18 23.52 q
Cl1 22.70 t 0.48
Ce 20.32 t 0.49
C19 16.80 q
C20 13.99 q

@ Chemical shifts arc reported in ppm downficld from Me,Si at
100.6 MHz. ? Resonance multiplicities were determined using the
INEPT cxperiment and are denoted as s, d, t and q for singlet,
doublet, triplet and quartet, respectively. € Spin-lattice (7))
relaxation times were measured at 25.2 MHz by using the inver-
sion-recovery pulse sequence. The data werc processed by using
the three-parameter fitting program described by: Kowalewski,
J. G.; Levy, G. C.; Johnson, L. I'.; Palmer, L. J. Magn. Reson.
1979, 26, 553. No ctfort was inadc to accurately measure the
quartcrnary carbon or methyl-carbon relaxation times. ¢ The
relaxation time of the C14 resonance could not be measured be-
causc of overlap with the C4 quaternary resonance cven at 100.6
MHz.

nonuniform, in contrast to previous studies in the cembrane se-
ries.®’%10 The expanded range of observed methine—carbon re-

(1) For the previous paper in this series, see: Gampe, R. T., Jr.; Matson,
J. A.; Weinheimer, A. J.; Martin, G. E; Willcott, M. R., II1. Spectrosc. Lett.
1982, 15, 795-802.

(2) Abstracted in part from the M.S. (Pharmacy) Thesis of R.T.G.,
University of Houston, March 1981.

(3) Present address: McNeil Pharmaceuticals: Spring House, PA 19477,

(4) Weinheimer, A. J.; Chang, C. W. J,; Matson, J. A. Fortschr. Chem.
Org. Naturst. 1979, 36, 286-387.

(5) Sims, J. J; Rose, A, F.; Izac, R. R. “Marine Natural Products”;
Scheur, P. J., Ed.; Academic Press: New York, 1978, pp 363-387.

(6) Martin, G. E,; Turley, J. C.; Matson, J. A.; Weinheimer, A. J. J. Am.
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laxation times suggests that 1 undergoes some form of anisotropic
reorientation in solution rather than the isotropic tumbling pre-
viously observed.®7%10

Prior to undertaking the specific assignment of any of the 13C
resonances of 1, it is useful to consider the consequences of the
patterned methylene carbon chemical shift behavior of (E)-tri-
substituted double bonds!6 and the utility of this behavior as an
adjunct in the assignment of isoprenoid methylenes in the 13C
NMR spectrum of 1. On the basis of the compliance of the
relevant carbons in other members of the cembrane series, the
C5 and C9 methylene carbons of 1 were expected to resonate in
the range 6 = 38.55 £ 2.60 while their counterpart C2!7 and C6
methylene carbons, were expected to resonate in the range § =
25.71 £ 2.37. As expected, the upfield region of the spectrum
contains two methylene carbons which resonate downfield at 40.87
and 37.52 ppm. Although no assignments can be made within
this pair of resonances at this point, they may safely be attributed
to C5 and C9. Within the normal range of chemical shifts for
the C2 and C6 methylene carbons, three methylene resonances
were observed as well as a fourth resonance observed slightly
upfield of this range. While the patterned chemical shift behavior
does not provide a basis for making specific assignments, it does
provide a logical means of subgrouping resonances prior to be-
ginning a total assignment. A knowledge of such subgroupings
was extremely useful in the completion of the assignments in the
present study.

Beyond the subgrouping of the resonances on the basis of the
patterned chemical shift behavior, several resonances in the 13C
NMR spectrum of 1 may be assigned solely from chemical shift
and multiplicity considerations. Thus, the C7 resonance may be
assigned to the vinyl signal observed at § = 128.34, the C16
resonance to the carbonyl signal at § = 170.26, the C17 resonance
to the vinyl signal at 6 = 121.33, and the C18 methyl resonance
tentatively to the signal observed at § = 23.52.1% Arguments could
certainly be developed that would also justify the assignment of
additional resonances on the basis of chemical shift considerations.
However, without any evidence with which to corroborate such
assignments, they would remain speculative and should be un-
dertaken only with caution.

Examination of Dreiding models of eunicin (1), in conjunction
with the already established crystal structure of the molecule!®
suggested that the only site in the molecule that would be sterically
accessible for binding with the lanthanide complex would be the
hydroxyl group at the 4-position.?® The quaternary carbon

(7) Martin, G. E.; Matson, J. A.; Weinheimer, A. J. Tetrahedron Lett.
1979, 2195-2198.

(8) Wiemer, D. E.; Meinwald, J.; Prestwich, G. D.; Miura, 1. J. Org. Chem.
1979, 44, 3950-3952.

(9) Norton, R. S,; Kazlauskas, R. Experientia. 1980, 36, 276-278.

(10) Gampe, R. T., Jr.; Weinheimer, A. J.; Martin, G. E. Spectrosc. Lett.
1982, /5, 47-55.

(11) Ciereszko, L. S.; Sifford, D. S.; Weinheimer, A. J. Ann. N. Y. Acad.
Seci. 1960, 90, 917-919.

(12) Bolton, P. H,; James, T. L. J. Am. Chem. Soc. 1980, 102, 1449-1450.
Burum, D. P.; Ernst, R. R. J. Magn. Reson. 1980, 39, 163-167. Bolton, P.
H. Ibid. 1980, 41, 287-292. Doddrell, D. M,; Pegg, D. T. J. Am. Chem. Soc.
1980, /02, 6388-6390.

(13) Allerhand, A.; Doddrell, D.; Komoroski, R. J. Chem. Phys. 1971, 55,
189-198.

(14) ApSimon, J. W; Beierbeck, H.; Saunders, J. K. Can. J. Chem. 1975,
53, 338-342.

(15) Martin, G. E. J. Pharm. Sci. 1981, 70, 81-84.

(16) Gampe, R. T., Jr; Matson, J. A.; Weinheimer, A. J.; Martin, G. E.;
Willcott, M. R., I11. Spectrosc. Lett. 1982, 15, 795-802.

(17) Although the 2-position is not contained in an E-trisubstituted double
bond or epoxide, the relative rigidity in this region of the molecule may be
expected to maintain C2 in a position where it experiences a steric interaction
with the 4-hydroxyl group. Similar interactions in E-trisubstituted double
bonds are presumably responsible for the upfield shift of the methylene carbon
attached to the monosubstituted end of the double bond. Thus, the C2
resonance should be observed in the range § = 25.71 & 2.37. Support for this
contention is provided by the assigned '>C chemical shifts of the C2 resonance
of crassin acetate and several synthetic analogues; cf. ref 7.

(18) Assignment of the C18 methyl is based on the lack of a steric inter-
action, resulting in a chemical shift analogous to that observed for a methyl
of a Z-trisubstituted double bond; cf. refs 7 and 11.

(19) Hossain, M. B.; Nicholas, A. F.; van der Helm, D. J. Chem. Soc.,
Chem. Commun. 1968, 385-386.

Gampe et al.

10 ePR

'
60 50 40 30

70

80

"

L S e S AN Jne Sus Ao S S pant e S S

S 4 3 2 1 PPH

Figure 1. Four-level contour plot of the S(F,,F,) data matrix from the
two-dimensional proton-carbon chemical shift correlation experiment
performed on eunicin (1) in deuteriochloroform with a carbon observation
frequency of 90.793 MHz and a proton observation frequency of 361.062
MHz.

resonance observed at § = 73.22, which experienced the largest
LIS, was assigned to C4. By assuming a monotonic decline in
the observed LIS, the establishment of two additional subgroups
of resonances was also possible. The first consisted of the C3,
C5, and C18 resonances which, on the basis of chemical shift
considerations and resonance multiplicities, were assigned to the
signals observed at 73.50, 40.87 and 23.52 ppm, respectively. One
of these resonances (40.87 ppm) was one of two methylenes
designated previously as C5 or C9 by the (E)-isoprenoid shift
regularity,!® thus permitting the assignment of the remaining
downfield methylene carbon at 37.52 ppm to C9. Within the
upfield group of methylene resonances, the C2 and C6 resonances
would be expected to exhibit considerably larger LIS than the
C10 and C11 resonances. Thus, a second group of resonances
comprised of C2 and C6 could be established, representing the
resonances at 24.30 and 20.32 ppm. The remaining upfield
resonances at 28.66 and 22.70 ppm may then be attributed to the
C10 and C11 resonances. Specific assignments could not be made
within either of the groups of methylene carbons solely on the basis
of the LIS data at this point. Other than the aforementioned
atoms, the remaining carbons contained in the 13C NMR spectrum
of eunicin (1) uniformly exhibited only small induced shifts, thus
precluding the use of these data for assignment purposes without
first establishing the precise geometry of the eunicin—lanthanide
complex, which, although possible, was not the specific intent of
this investigation.?!

As described above, partial assignment of the *C NMR
spectrum of eunicin (1) can be made with a reasonable degree
of confidence on the basis of conventional chemical shift arguments
when supplemented by a knowledge of INEPT-based spin mul-
tiplicities and lanthanide induced shifts. Total assignment of the
spectrum, in contrast, cannot be made without resorting to ad-
ditional and more sophisticated experiments. Total assignment
of the 13C NMR spectrum of eunicin (1) was accomplished
through the execution of a two-dimensional proton-carbon

(20) Gansow, O. A; Loeffler, P. A,; Davis, R. E.; Lenkinski, R. E;
Willcott, M. R., II1. J. Am. Chem. Soc. 1976, 98, 4250-4258.

(21) Individuals specifically interested in the LIS data may obtain this
information upon request from the authors.
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Figure 2. Conventional proton spectrum of the high-field region of
eunicin (1) in deuteriochloroform at 400.13 MHz.

chemical shift correlation experiment.

Two-dimensional NMR spectroscopy was originally proposed
by Jeener in 1971.22 Intensity responses in the two-dimensional
NMR experiment are a function of two frequencies, F; and F,,
which are obtained by the performance of a double-Fourier
transformation?24 on a suitably constituted data set. Although
many such experiments are possible by the selection of the spin
Hamiltonians that operate during the various periods of the ex-
periment,?* the specific experiment germane to the problem at
hand is the proton—carbon chemical shift correlation experiment
first described by Freeman and co-workers?6-* and subsequently
applied to the study of steroids and carbohydrates. The two-
dimensional NMR spectrum of eunicin (1) obtained by this
technique is shown in Figure 1. The proton spectrum (projected
sum) is shown across the bottom of the figure and corresponds
to Fy while the carbon spectrum (projection) is shown vertically
and corresponds to F,. Associated proton and carbon resonance
frequencies appear as points of intensity in the contour plot
bounded by the two projections. Assignments within the contour
plot may be made straightforwardly, given a knowledge of either
the 'H or 13C chemical shift of a given atom in the molecule. In
practice, it is often most convenient to establish the proton con-
nectivities through either decoupling or the use of autocorrelated
proton two-dimensional NMR spectra?2?333 although the converse
may be useful if 1*C-resonance assignments can be made on the
basis of alternative techniques.

The most readily assigned group of signals contained in Figure
1 are those due to the methyl resonances. Beginning with the

(22) Jeener, J. Ampere International Summer School, Basko Polje, Yu-
goslavia, 1971.

(23) Aue, W. P; Bartholdi, E.; Ernst, R. R. J. Chem. Phys. 1976, 64,
2229-2246.

(24) Bodenhausen, G.; Freeman, R.; Niedermeyer, R.; Turner, D. L. J.
Magn. Reson. 1977, 26, 133-164.

(25) Ernst, R, R.; Aue, W. P,; Bachmann, P.; Hohner, A,; Linder, M.;
Meier, B.; Muller, L.; Wokaun, A.; Nagayama, K.; Wuthrich, K.; Jeener, J.
“Application of 2D Spcctroscopy to Problems of Physical, Chemical, and
Biological Relevance”; Kundla, E., Lippma, E., Saluvere, T., Eds., Spring-
er-Verlag: New York 1979; pp 15-18 (Magnetic Resonance and Related
Phenomena, Proc. XXth Congress Ampere, Tallin, Estonia).

(26) Maudsley, A. A.; Ernst, R. R. Chem. Phys. Lett. 1977, 50, 368-372.

(27) Bodenhausen, G.; Freeman, R. J. Magn. Reson. 1977, 28, 471-476.

(28) Freeman, R.; Morris, G. A. J. Chem. Soc., Chem. Commun. 1978,
684-686.

(29) Bodenhausen, G.; Freeman, R. J. Am. Chem. Soc. 1978, 100,
320-321.

(30) Bendall, M. R.; Pegg, D. T.; Doddrell, D. M.; Field, J. J. Am. Chem.
Soc. 1981, 103, 934-936.

(31) Morris, G. A.; Hall, L. D. J. Am. Chem. Soc. 1981, 103, 4703-4711.

(32) Bax, A,; Morris, G. A. J. Magn. Reson. 1981, 42, 501-505.

(33) Morris, G. A. J. Magn. Reson. 1981, 44, 277-284.

(34) Bendall, M. R.; Pegg, D. T.; Doddrell, D. M.; Thomas, D. M. J.
Magn. Reson. 1982, 46, 43-53.
16(3Sg Freeman, R.; Morris, G. A.; Bax, A. J. Magn. Reson. 1981, 42,

4-168.
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18-methyl protons, which appear as a singlet at about 1.1 ppm?¥*
(see Figure 2), we observe a point of intensity in the contour plot
that correlates with the carbon resonance at 23.52 ppm, confirming
the assignment made from the LIS experiments. The remaining
methyl signals, the 19-vinyl methyl singlet and the 20-methyl
doublet at about 1.6 and 0.9 ppm, respectively, were observed to
correlate with the carbon resonances at 16.80 and 13.99 ppm,
respectively, thus providing an unequivocal assignment of the
methyl resonances of the molecule. Returning to the problem
associated with the C2 and.Cé6 methylene resonances, selective
decouplings in the 400-MHz 'H NMR spectrum served to es-
tablish the locations of the corresponding H2 and Hé6 protons.
Having established these proton chemical shifts (see Figure 2),
the assignment of the resonances at 24.30 and 20.32 ppm to C2
and C6, respectively, was a relatively simple undertaking. Ina
similar fashion, the assignment of the two aliphatic methine
carbons in this molecule, C1 and C12, was also accomplished.
Thus, the H1 resonance at about 3.4 ppm may be seen to correlate
with the resonance at 38.14 ppm, thus permitting the assignment
of the remaining methine carbon at 33.24 ppm to C12. By uti-
lization of the assigned resonance for C12, the location of the H12
resonance is readily established from the two-dimensional spectrum
(also confirmed by decoupling the H20 methyl doublet). Given
the location of the H12 resonance, specific decoupling of the H12
resonance unequivocally established the location of one of the H11
protons at about 1.05 ppm. When the identity of the H11 res-
onance was known, the C11 carbon resonance was assigned to the
signal at 22.70 ppm. The total assignment was completed by
attribution of the remaining methylene resonance at 28.66 ppm
to C10.

Conclusions

Through the use of patterned methylene carbon chemical shift
behavior coupled with lanthanide induced shifts and two-dimen-
sional proton—carbon chemical shift correlation spectroscopy, the
total and unequivocal assignment of the 3*C NMR spectrum of
eunicin (1) has been achieved. Although the structure and
stereochemistry of this molecule are known in detail, the value,
even necessity, of the two-dimensional spectrum in the successful
completion of the assignment is quite clear. In conclusion, it is
the opinion of these authors that two-dimensional NMR spec-
troscopy, particularly double quantum coherence two-dimensional
NMR experiments,™ will play a role in the eventual estab-
lishment of cembrane structures, thus obviating the need to destroy
samples of these interesting and often scarce compounds using
more classical structure elucidation methods.

Experimental Section

The sample of eunicin (1) employed in this study was isolated and
purified as previously described!! and exhibited physical characteristics
consistent with those previously reported. Lanthanide induced shift
experiments were performed by using Yb(dpm);?° on a Varian XL-100
spectrometer equipped with a Nicolet 1180 computer interfaced through
a Model 293A’ pulse programmer and operating at a frequency of 25.158
MHz for 13C observation. Spectra were obtained by using 2 routine
sweep width of 5000 Hz digitized with 8K data points. Proton spectra
and specific proton decouplings were performed on a Bruker WM-400
spectrometer equipped with an ASPECT 2000 computer and operating
at a frequency of 400.130 MHz for 'H observation. Spectra were ob-
tained with a sweep width of 4000 Hz digitized with 64K data points.
The two-dimensional proton-carbon chemical shift correlation experi-
ment was performed on a Nicolet WB-360 spectrometer equipped with

(36) Careful comparison of the F, (H) axis of Figure 1 and the conven-
tional 'H NMR spectrum (Figure 2) will show some slight differences in the
position(s) of some resonances (generally ~0.1 ppm). These differences have
been tentatively attributed to the vastly different concentrations at which the
two spectra were acquired. This difference also precludes plotting the con-
ventional high-resolution spectrum along the £, axis of the contour plot in
Figure 1 rather than the projected sum which is shown.

(37) Bax, A,; Freeman, R.; Kempsell, S. P. J. Am. Chem. Soc. 1980, 102,
4849-4851.

(38) Bax, A.; Freeman, R.; Kempsell, S. P. J. Magn. Reson. 1980, 41,
349-353.

(39) Bax, A,; Freeman, R.; Frenkiel, T. A.; Levitt, M. H. J. Magn. Reson.
1981, 43, 478-483.
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a model 1280 computer and operated at frequencies of 361.062 MHz for
proton and 90.793 MHz for 13C observation. The pulse sequence em-
ployed for the experiment was essentially that of Freeman?” modified to
deliver a composite 180° pulse.*® Pulse widths were 30 us for carbon
and 32 us for proton via the decoupler coils. Fixed delays around the
acquisition pulse (A, and A,) were set to 3.0 and 2.5 ms (respectively)
with a spectral width of £833 Hz for proton and +3425 Hz for carbon,
with phase cycling to provide the equivalent of quadrature data in both
dimensions. The initial S(¢,,¢,) data matrix was generated using 256 X
2K blocks of data followed by processing in the usual fashion. The
experiment was performed on a sample prepared by dissolving 200 mg
of 1 in approximately 2 mL of deuteriochloroform. Accumulation of the
initial 8(¢,,7,) data matrix required approximately 3 h. The contour plot
(Figure 1) was prepared by using four contour levels. The proton ref-
erence spectrum was the projected sum of the data matrix through the
F, dimension®® and the carbon reference spectrum was the projection
through the F, dimension.

(40) Levitt, M. H.; Freeman, R. J. Magn. Reson. 1981, 43, 65-80.
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Abstract: The pH dependence of the 'H NMR spectra of active-site specifically substituted cobalt(II) horse liver alcohol
dehydrogenase and its complexes with NAD* and NADH are reported. The 'H NMR signals of the cysteine and the histidine
ligands are well shifted from the diamagnetic position. The §-NH of histidine 67 probably deprotonates with a pX, of 9.0
%+ 0.2; in the complex with NAD* the same group exhibits a pH-dependent shift without deprotonation with a pX, of 8.3
0.2. The complex with NADH is pH independent up to pH 9.3. Both the 'TH NMR and near-IR spectra indicate that no
major change in the coordination sphere of the catalytic metal ion occurs upon binding coenzyme. The results suggest the
participation in catalysis of groups not considered in previously proposed mechanisms.

Liver alcohol dehydrogenase (LADH, EC 1.1.1.1) is a dimeric
zinc enzyme of molecular weight 80000, which catalyzes the
reversible oxidation of alcohols. Each subunit contains two zinc
ions. One zinc is essential for the substrate binding and activation
while the other presumably plays a structural role. X-ray crys-
tallographic studies of the native enzyme! and the cobalt(1I)- and
cadmium(II)-substituted enzymes®? have shown that the catalytic
metal ion is bound to histidine 67, cysteine 46, and cysteine 174
in a distorted tetrahedral geometry, the fourth ligand being a
solvent water molecule. At least four protonation steps with pX,
values of 6.4, 7.6, 9.2, and 11.2 have been shown to be important
for the catalytic action of the enzyme by kinetic studies.** The
assignments of these ionizations to functional groups of the enzyme
given in the literature do not have a firm physical basis. The pX,
of 9.2 has been attributed to the deprotonation of the zinc-
coordinated water in the free enzyme and the pK,’s of 7.6 and
11.2 to the deprotonation of the same moiety in the binary com-
plexes with oxidized and reduced coenzymes, respectively.®® The
interaction of the positive charge of the nicotinamide ring of NAD*
with the catalytic zinc ion was proposed to cause the decrease of
the pK, of metal-bound water.” It should be noted, however, that
the pH dependence of the coenzyme dissociation processes for the
enzyme depleted of the catalytic zinc ion is similar to that of the

University of Florence.
tUniversity of Saarland.

native enzyme.® The pK, of 6.4 has been tentatively assigned
to the deprotonation of the zinc-coordinated alcohol on the basis
of an apparent Bronsted relationship between the pK,’s of the free
and bound alcohols.’

Cobalt(II) can be selectively substituted for zinc(II) in the
catalytic sites of LADH.1® The resulting derivative (Co-
(¢c),Zn(n),~LADH) retains catalytic activity although differences
in the rate constants of elementary steps along the catalytic
pathway have ben observed.!!2  The electronic spectra of Co-

(1) Brdndén, C. I.; Jornvall, H.; Eklund, H.; Furugren, B. In “The
Enzymes”, 3rd ed.; Boyer, P. D., Ed.; Academic Press: New York, 1975; Vol.
11, pp 103-140.

(2) Schneider, G.; Eklund, H.; Cedergren-Zeppezauer, E.; Zeppezauer, M.
Proc. Natl. Acad. Sci. U.S.A. 1983, 80, 5289.

(3) Schneider, G. Dissertation, Universitit des Saarlandes, Saarbriicken,
1983.

(4) Klinman, J. P. Crit. Rev. Biochem. 1981, 10, 39.

(5) Kvassman, J.; Pettersson, G. Eur. J. Biochem. 1979, 100, 115.

(6) Andersson, P.; Kvassman, J.; Lindstrdm, A.; Oldén, B.; Pettersson, G.
Eur. J. Biochem. 1981, 113, 425.

(7) Theorell, H. “The Harvey Lectures”; Academic Press: New York,
1967; series 61, pp 17-41.

(8) Dietrich, H.; MacGibbon, A. K. H.; Dunn, M. F.; Zeppezauer, M.
Biochemistry 1983, 22, 3432.

(9) Kvassman, J.; Petterson, G. Eur. J. Biochem. 1980, 103, 565.

(10) Maret, W.; Andersson, 1.; Dietrich, H.; Schneider-Bernlohr, H.; Ei-
narsson, R.; Zeppezauer, M. Eur. J. Biochem. 1979, 98, 501.

(11) Dunn, M. F,; Dietrich, H.; MacGibbon, A. K. H; Koerber, S. C.;
Zeppezauer, M. Biochemistry 1982, 21, 354.
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