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1, ntrodueiion

The sarlier work of Hill and coworkers {17, showed
that chloroplasts contain a c-type cytochrome with an
crband at 354 nm and a midpoint potential of + 0,356
Y at pH 7 {cytochrome f} and an antoxidizable b-type
cytochrome with an z=band at 563 nm and a potential
of about zero (eytochrome b, ). Subsequent studies
12, 3] established the prasence in chloroplasts of 2
nonantoxidizable b-type cytochrome with an o-band
ai 359 am. This cytochrome has a midpoint potentisl
close to ithat of cytochrome £, but it is sensitive 1o a
variety of treatments which convert it o a form of
lower potential [4, 51, The situation i forthier com-
plicated by the discovery {6) that chloroplasts also
contain an autoxidizable d-type cytochrome with an
o-band at 359 nm. lis redox potential is somewhat
more positive than that of cytochrome by, but con
siderably more negative than the nonantoxidizable
eytochrome b-559. 11 is designated cytochrome b-559
"— low potentiel {LP) io disiinguish it from the pon-
-awmmdxzab]ﬁ cytothiome, which is ﬂemgmatmﬂ Cy10-
- chrome b-550 high potential (HFP). . 7

~ Fractionation of the photochemical systemns with
 digitonin |3, 7} showed that cytochromes fand by
©are mssogiated with ] thmsysiem L{PS 1) and eyl

‘ c}m:ame b- SSQHP with Photosystem 2 Ps }]B Rﬁtam—
Iy, ﬁe}son and MNeumann [8} reported the: molahtm _
¢ from P.S I subth]ﬂrﬂplasl fragmenis of a wmp‘iex con-
taining both cytochiomes by and 7, :

In the present stdies we dem«nnsaate that cyl@- -

chrome: b-359, p also s Jocated in PS 1, and it is present

“in Ihe :cymc'hmmg bﬁ—_f f:mmpiax of Ne}mm “am New-
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2. Materials and methods

2.1, Isolatipn of PS 1 jragmenzs ond the Nelson—
Newnann complex

- Spinach plants were grown in putrient solution and
chloroplasts isolated in 0.05 M phesphate baffer, ph
7.2, containing 0.3 M sucrose and 0,01 M K171
Chioroplasts (340 pg chifinl) were incubaied with 0.5%
digitonin for 30 min a1 0° [3]. The mixtwre then was
diluted with 7 vol of .05 M phosphate buffer pH 7.2,
and fractionated by differentiel cenurifugazion [3]. FS 1
fragments were collected by certrifugation of the

50,000 g supernatant for 1 br al 144,000 and sos-

pended in D.05 M phosphaie buffer vl 7.2,

The cytochroms bg—j particies were prepared by
the procedure of Nelson and Nevwmann {81 except
that the final steps of gel Nitration with Bie-Gel P-200
and precipitation with ammon®im sulphate were omiti-
ed. After DEAE chromatography, the cytochrome bg—)
particles were concentrated by presswre nltrafiltration.

2.2, Cviochronie difference sprctra

Reduced minus oxidized difference spectra were

. reeorded on a Cary Model 14R spectrophotomater,

fitted with 2 scattered transmission accessory 3] and

‘amodified Bonner cuvette assembly 19]; the optical

pathlengih was 4 mm. Hydroguinone, sodium ascorbaie

-and potassiam ferricyanide weze added to a final cons.

~ of 6.5 mM, and dithionite was 2d3ed as the solid, Re-

duction of cytochromes with fertooxalute was carried
out by adding the sample to an equal volume of 1.OM

potassium oxalae in 0.1 M phosphate buffer, pi 7,2
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- Ferrous sulphate, freshly prepared and kept anaerobical -
Ly, was then added 1o a final conc, of 29 mM. To bﬂLm» .

* ¢e the yellow golour of ferrooxalate split cuveties were S
used frr measuremenis at 25°C, and a yellow filter of
cellophane was wsed on ihe reference side for measure-
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ments at 77 K. For spectral measurements a1 77K,
- the medinm conlained 65% by yolume of glycerol.

3. Results and discussion

Reduced mimis oxidized difference spectra of the

Nelson—MNevmann comjplex 31 77°K are shown in fig. 1.
The bydroguinone reduced minus ferrcyanide oxidized

difference spectrum shows bands ot 552 nm and 548
nm in the a-band region. These bands indicate the pre-
seng¢e of ¢ytochrome 7 [3], bt there is no frace of
eytochrome 5-559p {o-band at 557 nm at 77°K [3]).
The dithionite reduced mimus ferricyanide oxidized
difierence spectrum at 77°K has bands at 557 nm and
361 nm in addition 1o the bands of cylochrome 7. The
dithionite reduced »imus hydroquinone reduced spec-
tram also shows bands at 537 nm and 561, bt the
bands of cytochrome f are ssmall, The relative heights
of the bands at 557 nm an¢ 561 differ in figs. 1B and
1C, but this can be atiribuied 1o the dope of the base-

line in 1B, and partly 1o the presence of the overlapping -

bunds of cyiechrome /. The difference spectra of ilie
Nelson-Nevmann complex closely resemble thoss ob-
tained previously with PS 1 fragments {cf, fig.  [3]).
The relative heights of the 557 and 561.am banids in
dithionite reduced mimes hydroguinene reduced spoe-
tra are similar Tor chloroplasts, PS 1 fragments and the
‘Nelsen—Neumann complex, In our earlier paper {3,
the hands at 557 nm and 561 nm in PS I fragments.

were tentatively attributed to a splitting of the n-bﬂnd
of cyiochrome by at iquid nitrogen temperatre, but

we mentioned the pn:.sﬂaﬂﬂy that chloroplasts might

contain a fourth cytochrome, Bendall [5, 10] distin-
gulshed two gutoxidizable b-type »yimhm*nes in .
chlozoplasts (cymchmmes frg and £-559 p) ber:auae
cytochrome 5559 p was reduced mone mpldly by
dﬂhmmiwe, tompared with wr‘ymchmma bg. - 2
+ . Fig. 2 shows a series of dithionite réduced differ- -

ﬂence spectra-of PS-1 fragmepts at 77°K., The fmgmems
in the sample- cuveite wers reacted with dithionite f@r

“at least 20 min at room texIp., while the fragments in
& t'ne ﬂfe;rence cuveiie v.vexc

L

remuied for sho:ter pennd‘s

‘0;6':‘ i

, ‘ L 1 1 -
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Fig, 1, Cﬂmhmme ﬂlffmenne spemma of ”‘%lsnnmN?umann

~eomplex a1 777K, H}ﬂmgumﬂne mﬂumﬂ minus ﬁzmﬁ}vamﬁa

oxidized [Q-F), n)mhmmte Tednced minyus fetr cyanide oxid--

. ized (D=F), Dithivnite rednced mpurs hyﬂmr winone reduced
s -V(D—Q) 0;;11:33 pam]engﬂz -4 imm. : ',_ E ; .

, The spec trum ShDWT in ﬁg, EA was | xecmded Jmmaﬁ:— :
' ately after addition of dithionite 1o the referénce cu-.
',jvette, The band ar 557 nm s larger-than the 561 nm .
*band, With increasin time of :'feacltmn with dj thmnme,
o (ﬁg EB am C) J i“nem 13 a ﬁem aasa m ma hmght of ﬁae
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Fig, 2, “Long time™ minus “short time™ dithionite reduction
of cytochromes of PS 1 fragments at 77° K. Chlorophy# con-
cenirgiion, 240 rg chifml; optics] pathiength, 4 mm. A)

D20 mim 748 Dipmpedinte s Qithionite was added to the saro-
ple cuvette and allowed to rezet for 20 min at room temp.
befors freezing, The reference cuverie was cooled after the
addition of dithionite, The cuvetie assembly was then thawed
and 1eft for 1 min at room temp. prior to fredzing {o give spec-
trar BY D24 iz 035 Dy g, and subsequently for an addi-
tionzl 4 min at room temp, 1o zive C) Das min #1m08 Dz i,

26°C T7°K
=29

530 '556 L =R ‘EB0 $30
. WAVELENGTH {nm) -

Fig, 3. Cvioghreme difference spectia of PS 1 fragments at

. 25°C and 77° K, Ferrovxolate reduced minushydroguinens -
- reduced (FI3—Q), Ferranxalate reduced minws dithionite

- zeduced {FO- D) The chlorophyl conceniration of the sam-
it was 200 pg chlfmlat 25°C and 112 pg chifml al 77°K;

- Dptical pathlengih, 4 mm, .

~ band at 557 nm, relative to that at 36] nm. Since

: "‘cytm}amme b:55%p Is reduced more rapidly than
symchmmr: bg, Mﬂ] it wmﬂﬁ seem 1‘}131 ﬂae b;mﬂ a‘z
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~ 557 1o at low lemperature is due 1o cytochroms

JJ-SDQH and the band 4t 561 nm to cytochrome bs.
More convincing evidenece for this conclusion is
provided if ferrooxalate i used as the redacing agent.

- The midpeint potential of the ferri-ferrooxatate cou-

ple is zero at pH 7 [11]. Fig. 3 shews both room fermp.
and low temperatvre difference speetra of PS 1 frag-
menis, The {errooxalate seims hydroguinone diffes-
ence spectra show maximz 2t 550 nm at 25°C and

- 557 nm a1 77K, while the fervooualate minus dr

thionite difference spectsa show troughs at 564 nn
at 25°C and 561 nm at 77° K. Under the incubaiion
conditions with the P51 fragments, cyiochrome
£-559, p Is reduced by ferrooxalate, but cytochronie
G is only reduced by the stronge: redueing agent,
dithionite, The cytochrome i, —f particles gave o
siynilar result, except that there was some recuction
of ¢ytechrome b, by ferrooxalate ender the condi-
tions of incubation, and the separation of the hands
at 557 nin and 551 nm was 0ot as complete as with
PS 1 fragments,

The present studies indicalte that cytochrome
5559, p islocated in P51, together with cyviochromes
Jand &g. There appears to be a close asseciation of
1k three cylochromes, since they are retained 1ogether
in the Nelson--Neumann complex which is devoid of
chlorophyil. On the other hand, cytochrome 5-59% 5
is located in P35 i1, As menlioned earlier, cytochrome
5-359,30 is coavertible 1o forms of lower potential
4. 5], It seerns Yikely that thess lonns will remain as-
sociated with P53 11 and therefore they are distinguish-
able from cytochrome 5-559 p. Further evidence that
cytochrnme b-559; p is associated with cy tochromss
Fand by is provided by the cytochrome composition
of etioplasis from dark-grown seedlings {12, 13]. The
three cytochromes are found in Mm-pﬁdsiﬁ bm cyto-
chrome b-55%g is absent.

The location of two bmymc‘nr@mes in rph@ms* ‘a1eam
is intriguing In 1e1ms of the fenction of ﬁk syrochromes
in the c]ﬂmmp]asi
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