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- SUMMARY

A procedure for thé prepaiatioh‘of partially purified photosystem I
reaction centers is dgscribed. This procedure gives a preparation with a
very high chl a/ch] b“ ratio which contains 1 P-700 per 16 chliorophylls.
Starting material is a stroma lamella fract1on obtained from spinach chloro-
plasts.

Kok (1) first reportedkpaftiai hurification of a pigment complex con-
taining P-700." Vernon and his coworkers (2,3) have recently described a pro-
cedure for partial purification of'theéé'rééction centers from plant tissues

using acetone and Triton X¥100 extraction. Their preparation from spinach

chloroplasts contains 1 P-700 ﬁéf 28 chlorophylls. Ogawa and Vernon (4) have

further characterized the reaction centers obtained from Anabaena variabilis
and épinach. - vv" . v

We recently showed that there are two kinds,oftphotosystem I in spinach
chloroplasts (5). One is located in the stroma lamellae. It has high P-700
content and is physically separated from pﬁotosystem 2. The second is\
present in grana regions. It has low P-700 content and is physically in
close association with System 2. In this paper we describe a procedure for
obtaining partially purified photosystem I reactionvcenters from‘these

fractions without the use of detergents.

]Supported by grant GM-13943- 05'from the National Institute of General Medi-

cine, U. S. Public Health Service, and the U. S. Atonnc Energy Comm1ss1on

2The abbreviations used are: EDTA, ethylenediam1netetra acetate chl a,
chlorophyll a; chl b, cMomme b.



'MATERIALS AND METHODS

Chloroplasts isolatedvfroh market Spinach were fractionated by a'pas—
'sage throughva’French préSsnre cell as described earlier (5).. The FP
homogenate waS'centrifuged for 1o*hih at 3000 x g, 30 min at 10,000 X g
(grana lamella fraction), 30 min at 30,000 x g, 30 min at 40,000 x g, and
60 min at 160,000 x g (stromavTameTTa‘fraction) The precipitates'obtained
from TO 000 x g (10K), 40,000 x.g (40K), and 160,000 x g (TGOK) centri fuga-
_ tions were used for prepar1ng photosystem I react1on centers. These frac-
tions were diluted 50-fold with 0.75 mM EDTA (pH 8.0) and centrifuged to
obtain precipitates. The:procedure was repeated oncevmore to renove |
soluble proteins The precipitates after the Tast EDTA wash were dropbed
into 10 mil of TOO% acetone wh1ch was precooTed to -20°C ' The final con-
centration of acetone was ‘more than 99.5%. These suspensions were stirred
with a teflon rod and were then centrituged on a cTinicaT centrifuge to
obtain precipitates.  The supernatants containing chTorophyTTs and other
acetone soTubTe material were d1scarded The prec1p1tates were extracted
two more times with 10 ml of cold acetone each t1me | The prec1p1tates
obtained at the end of th1rd acetone extract1on were dried under vacuum
and resuspended in 0.75 ‘M EDTA (pH 8.0) by brief sonication or homoqen1-
zation.  The suspenSions were centrifuged at 30,000 x g for 10 min. The
precipitates were washed once with 0. 05 M phosphate buffer (pH 7.4) con-
taining 0.01 M KC1. The prec1p1tates were f1naTTy resuspended in a small
volume of the same buffer. The preparat1ons thus obta1ned from 160K, 4OK,
and 10K have been designated RC 160 'RC‘40 and RC TO respectively

P- 700 content of these preparat1ons was determined from reduced m1nus

ox1dwzed d1fference spectra according to the procedure of Vernon et al.

(2) using a Cary 14 spectrophotometer equipped with a scattering attachment.
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Ch]orophy11 was determined atcording to'Arnon's method (6). Nitrogén‘was'

estimated by a standard microkjeldahl procedure using urea as a standard.

‘Electrophoresis was conducted according to the method of Clarke (7). Prior

to electrophoresis the material was solubilized in 0.2% sodium dodecy!
sulfate. o o R | |
| RESULTS
Table I shows the characteristics of photosystem I reaction center

preparations obtained from different fractions.

 Material balance studies on the RC 160 preparation showed that less than
10% of the P-700 was destroyed by acéfone e*fraétion e&eﬁ fhbugh about 90% of.
the total ch1or6phy11 was removed. Thfs ihdicates thét we are observing 90%
of thé réaétioh~centers initiéi]y present. ~Based on 10 eXperiménts, the
P-700 content of RC 160 ranged from 1 P-700 per 12 chlorophylls to 1 P-700
per 18 ch]drophy11s. Thus thfs_preparatfoniis appfoiimately'two times as
purified for P-700 cdntent_as the HP700 preparatibﬁ of Yamamoto and Vernon

(3). The chl a/chl b ratio for RC 160 is very high (Table I). We were

‘unable to measure accurately chl a/chl b ratio beyond 10 by our procedure.

The chl a/chl b ratio of HP700 observed by Yamamoto and Vernon (3) is 4, a
value much less than the ohe'observed for RC 160. The P-700 content of

RC 10 is very similar to HP700 preparation of Vernon et al. (2) for spinach.
Based on 4 experiments, the P-700 content of RC 10 ranges from 1 P-700 per
28 to 1 P-700 pér 32 chlorophles. The chl a/chl b ratio of this prepara-
tion is lower than the-RC 160. As expected, from the work of Sane et al.
(5), the RC 40 preparatioﬁ has characteristics intermediate between RC 160
and RC 10. The 1ower P?700/ch10rophy11’and Chl‘a/chT b rafios of the RC 10

preparation may be due to résidua1 photosystem 2 chlorophylls, which are

not present in the RC 160 preparation. For this reason it appears that the
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RC 160 preparation may'be nore:oserI than RC}iO'or preparations'nade from
whole ch]oroplasts for characterlzat1on of photosystem I react1on centers

The HP 700 preparat1on of Yamamoto and Vernon (3) was prepared from who]e

chlorop]asts and one would expect that such a preparat1on would have

character1st1cs of our most abundant fract1on namely, 'RC 10. The red

absorpt1on maximum of our preparat1on, 11ke that of Yamamoto ‘and Vernon(3), .

occurs at 676 nm though our difference Spectrum maandm is shifted 1-2 nm
toward the que compared wwth the HP 700 preparat1on. ,

If the mater1a1 is not washed with EDTA prlor to acetone extract1on,
RC'preparat1ons of 1ower chl a/chl b rat1ovare obtavned. It appears that
prior EDTA washing permits a more conpiete eXtraction of‘chlorophyll h.'
The nitrogen content of different RC preparations is given in Table I. The
nitrogenkc0ntent is generally lowered by washing with EDTA. This purifi-
~cation is evident'from electrophoresis of these preparations, The electro—
phores is of all the RC preparations gives only one protein-chlorophyll com-
plex. There are, however,'other'protein bands in nateria1 not washed |
thoroughly with EDTA prior to acetone extraction. | |

The absence of detergent treatnent the ‘high P-700 content very high
chl a/ch1 b rat1o, and ease of resuspenswon of the RC 160 suggest that
this mater1a1 w111 be extrenely useful for further characterization of this

kind of react1on center.

&
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TabTe I

CHLOROPHYLL P- 700 AND NITROGEN CONTENT OF RC PREPARATIONS

| The figures in brackets show Ch] a/Ch] b and P 700 content pr1or to.

acetone extraction.

Preparation ~ Chl a/Chl b Moles of Chl a+ Chlb
| | - Moles of P-700

4 " of‘N
mamole of P-700

RC 160% . > 10 (5-6)  16%* (100 to 130)

RC 40 8-9 (3-4) 20 (200 to 250)

RC 10 7 (2.2-2.4) 32 (500 to 650)

150
160
380

*Red absorption maximum for all preparations, 676 nm..

**Diffgrence spectrum-maximum, 696-697 nm.




LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission: ‘

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or '

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report. _

As used in the above, "'person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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