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of a larger sample of tetrads will therefore be ex-
pected to provide a significant deviation from
1:2:1 if there is chromatid interference. However,
from Strickland’s published data it is not justifiable
to conclude that there is such interference, since
hypothesis (1) above has not been ruled out. In
other words, the ‘correcting’ of chromatid inter-
ference data to allow for triple cross-overs can be
used for estimating the magnitude of such inter-
ference but not for detecting its occurrence in the
first place.
H. L. K. WHITEHOUSE
Botany School,
University of Cambridge.
Aug. 11.
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Cytochromes of Rhizobium

LecHAEMOGLOBIN, the red pigment associated with
the bacteroid form of Rhizobium in effective legume
root nodules, appears to be closely linked with the
nitrogen fixation process!, but its connexion with
Rhizobium respiration is disputed?3. We are en-
deavouring to clarify the latter problem by a com-
parative study of respiratory pigments in several
free-living Rhizobium strains and the related root
nodules.

While observing with a microspectroscope the
reduction of leghseemoglobin in fresh homogenates of
effective soybean or clover nodules made anaerobic
by endogenous respiration, we saw also a sharp
absorption band appearing near 551 my. This was
later identified as the a-absorption band of reduced
bacteroid cytochrome ¢, and it therefore appeared
that biological reduction of the two pigments could
be closely related. A smaller amount of b-type cyto-
chrome, with «-absorption band at 562 my, was also
seen in the washed bacteroids isolated from these
homogenates, but no cytochrome a could be detected
even when dense bacteroid suspensions in 50 per
cent (v/v) glycerol were examined in the spectroscope
at liquid air temperature (cf. Hartree!). Typical
cytochrome a, b and ¢ absorption bands as described
by Smith® were readily observed in the same Rhizobia
grown on an agar medium, showing that, in the
transition from free-living to bacteroid form, Rhizo-
bium loses its cytochrome a.

Many micro-organisms suffer an adaptive loss of
cytochrome a when grown anaerobically®, and as
the nodule interior is assumed to be at a very low
oxygen tension? we then made a quantitative com-
parison of cytochrome components in effective soy-
bean nodule bacteria and the same Rhizobium strain
grown in pure culture at high and low oxygen
tensions. Cytochrome concentrations were measured
in a Bellingham and Stanley reversion microspectro-
scope following the general procedure described by
Hartreet. The comparison prism of this instrument
was remounted so that the bacterial spectrum and
the comparison spectrum (of reduced mammalian
cytochrome c¢ contained in a wedge-trough) were
viewed simultaneously. By turning the reversion
screw, the a-absorption band of the standard cyto-
chrome ¢ was matched in turn against each cyto-
chrome band of the bacterial spectrum. An arbitrary
assumption was made that the «-absorption bands
of all components had the same specific extinction
coefficient as cytochrome c.
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These measurements (Table 1, A) showed an in-
crease of cytochromes b and ¢ in effective nodule
bacteria (bacteroids) and cultured Rhszobium grown at
low oxygen tension, and confirmed the complete loss
of cytochrome a from bacteroids. Cytochrome a had
decreased in amount, but not disappeared from the
cultured organisms grown at an oxygen pressure of
0-02 atm. We were unable to grow Rhizobium in
liquid culture at oxygen tensions lower than this and
80 could not decide whether the complete disappear-
ance of cytochrome a from bacteroids is solely due
to a very low oxygen tension inside the effective
nodule. Subsequent measurements (Table 1,B) on
Rhizobium isolated from ineffective soybean nodules
(which were devoid of leghamoglobin and caused
no detectable nitrogen fixation), made this explana-
tion seem unlikely, as these bacteria still contained
a small amount of cytochrome a.

Table 1. CYTOCHROME CONCENTRATIONS IN Rhizobium FROM
ARTIFICIAL CULTURE AND NODULES
| Nitrogen
L Cyto- Conc. | content
Rhizobium . chrome| a- in (mgm./
strain (5) Origin com- | Band | pellet | ml, of
ponent | (mg) | (mM) | pellet)
4 i
505 Wiscon- | Culture ¢ 551 0-096 38
sin Oxygen pressure b 562 0-036
=02 atm. a 602 0-023
506 ,, Culture ¢ 5561-5 | 0-160 37
Oxygen pressure b 563 0-044
=0-02 atm. 4 602-5 | 0-012
505 s Effective ¢ 55615 | 0-270 29
nodule b 5625 | 0-059
@ —
B T
507, Culture ¢ 5515 | 0-050 28
Oxygen pressure b 5625 | 0-038
=02 atm. a 601-5 | 0-021
507 ,, Ineffective ¢ 5515 | 0-108 27
nodule b 5625 | 0-033
602 0-006

The bacteria were isolated from vigorously aerated log-phase liquid
cultures and from 6-7-week-old nodules of ‘Lincoln’ strain soybean
grown in the glasshouse. After checking for purity the washed
Rhizobium suspensions were reduced with dithionite, and the pellets
ohtained after high-gspeed centrifuging (30,0009) were placed in
demountable spectrophotometer cuvettes of 1, 2 or 3 mm. light path.
Cytochrome contents, determined as described in the text, are expressed
as millimolar concentrations in the packed pellets. Total nitrogen
values were determined by the Xjeldahl method.

Work is at present in progress to determine what
function cytochrome a has in the terminal oxidase
system of Rhizobium’, and whether its unique
disappearance from bacteroids is accompanied by
the appearance of another oxidase which might react
specifically with leghwmoglobin.

C. A. APPLEBY
F. J. BERGERSEN

Division of Plant Industry,
Commonwealth Scientific and
Industrial Research Organization,
Canberra.

Aug. 13.
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