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AbstractT-Evidence is presented which points to (at least) two

bound forms of bacteriochlorophyll present in chromatophores of

Rhodospirillum rubr~, both ~f them readily converted to unbound

bacteriochlorophyll (abs. max. 770 m~) when the chromatophores

are extracted with acetone or ethanol. Controlled oxidation of

the chromatophores with Ir(IV) or with Zn(II) and ferricyanide

preferentially destroys the more strongly absorbing pigment (abs.

max. 880 m~) but brings about only a slight decrease in the magni-
I

, tude of the photoinduced absorption changes at 810 and 792 m~.

Such oxidations yield a new pigment, absorbing at 715 m~ in the

aqueous preparation and, more strongly, at 680-684 m~ when the

pigment is extracted into organic solvents. This pigment is

formed irreversibly and is therefore different from the material

formed by photooxidation of chromatophores. Its visible spectrum

and the spectrum of the material formed from it by acidification

suggest that it is a chlorophyll-like substance, possibly derived

from bacteriochlorophyll by (two-electron) oxidation of one of the

dihydropyrrole rings to a pyrrole ring. Directions are given for

separation of 'this pigment from other colored compounds present

in the oxidation mixtures.

.. '
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There is a growing body of evidence which suggests that photoinduced

absorption ·changes in bacterial systems are related to photosynthesis. In

certain bacterial chromatophores, such changes are accompanied by the pro-

duction of unpaired electrons (9), and may be reversibly duplicated by

careful treatment with such "one-electron" oxidants as hexachloroiridate{IV)

or ferricyanide. (8) An interesting facet of such oxidations is the irre-

versible bleaching of the principal pigment which often occurs.
. ! .

For example, oxidation of chromatophores' from ~ rubrum with IrC14=

or Fe{CN)~- has been shown to remove much of the absorbance at 880 mp with,

however, little or no decrease in the magnitude of the photoinduced absorp-

tion changes (8) or th~ ESR signal. (9) When chromatophore preparations are

extracted with ethanol or acetone at various stages during the progress of

such oxidation, the height of the bacteriochlorophyll peak at 770 mlJ (5)
. . ,
(in the organic solvent) decreases as the .oxidation proceeds. When the

oxidation is continued until the peak at 880 mlJ disappears, leaving a

much smaller peak at 810 mlJ, extracts of the resulting preparation still

exhibi t an absorption peak at 770 mlJ with a height corresponding to about

20% of the bacteriochlorophyll present in the unoxidized chromatophores,

in keeping with the view (9, 8, '2) that the bacteriochlOrophyll in such

ch~omatophores is present in (at least) two forms which differ markedly
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in their photochemical activity and in the ease with which they are

oxidized.

During such oxidations, the disappearance of the 880 In\.! peak is

accompanied by the appearance of a much smaller peak (in water) at

715 m\.! which, upon extraction into acetone, ethanol, or ether, leads

to a r~latively more intense peak at 680-684 m\.!.

The pigment exhibiting this absorbance is not present in signifi-

cant -amount in unoxidized chromatophores. Its concentration increases

during the early stages of oxidation, but with excess oxidant, it is

slowly consumed. The conversion appears to be irreversible, for treat-

ment of the new pigment, either in aqueous or in organic media, with

ferrocyanide or with dithionite fails to restore the bacteriochlorophyll

absorbance. The pigment thus does not correspond to the material which

is reversibly formed by photooxidation or careful chemical oxidation of

rubrum chromatophores. Mpreover, it presumably does not itself undergo

photooxidation, for the photoinduced spectrum of chromatophores which

have been partially oxidized with Ir(IV) shows no dip at 715 m\.! comparable

to the very large minima at 865-870 m\.!.

The spectrum of the (grass-green) pigment, which may be separated

from residual non-oxidized bacter'iochlorophy11 and from the carotenoids

present in chromatQphores by chromatography on powdered polyethylene (1),-
is shown in Figure 1, together with the spectrum resulting from acidifi-

cation of the solution with Hel.

The positions of the two principal maxima of the pigment, together

with the character of ,the spectral shifts upon acidification, indicate

strongly that the green pigment is a chlorophyll-like material and that
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acidification has produced a pheophytin. (11) No isolation of a chloro-

phyll having spectral characteristics corresponding to our pigment

appears to have yet ·been reported, although there is some evidence that

t~is pigment is formed by the oxidation of R. rubrum with benzoquinone. (7)

Concentration of solutions of the pigment yielded a black gum, but the

pigment has not yet been obtained in crystalline form.

The similarity of its visible and ultraviolet spectrum to that of

chlorophyll ~ (11, 10) and its mode of formation by mild oxidation of

bacteriochlorophyll suggests that our pigment is derived from bacterio-

chlorophyll by oxidation of one (but not both) of the dihydropyrrole

rings to a pyrrole .ring. (6)

EXPERIMENTAL

Changes in photoinduced absorption changes with oxidation. Both

the preparation of chromatophores from Rhodospirillum rubrum (8) and the

method for measuring'photoinduced absorption changes (9) have been

described. Oxidations with Ir(IV) were carried out by adding small

portions of a solution .of K2IrCL6 (10 mg/ml) to a suspension of chromato-

phores buffered at pH 7 (0 .,01 !. Na2HP04 + 0.01 F. NaH2P04 ); such absorp

tion changes that occurred took place almost immediately at 0° C. For

"thc.ferricyanide oxidations, solutions .~ere 0.2 Kin K3Fe(CN)6and 0.05 F

in ZnS04; here, ab~orption changes were much slower and occurred over a

period of 3-8 hours, even at 25° C. Our chromatophore suspensions were

less resistant to oxidation than those reported previously; (9) typically,

6 ml of chromatophore suspension, optical density 3.0 at 880 mu (containing

about 6 mg of dried chromatophores) required less than 3 mg of K2IrC16

at 0° for oxidation to the stage at which absorptions at 820 and 715 mu

were comparable.
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In our hands, there was slight but definite diminution in the

magnitude of.the photoinduced absorption during the early stages of

oxidation, both Hi th ferricyanide and with Ir( IV). Figure 2 indicates

the progress of the relative light-minus-dark response, taken as the

difference in absorbance betHeen the minimum at 810 m~ and the maximum

at 792 m~ in the photoinduced ·sDectrum, as the pigment(s) absorbing

near 880 m~ is consumed by oxidation. Typically, only about 10% of

the photoinduced absorption changes are affected by oxidizing away

about 70% of the peak ne~r 880, and almost 40% of the light-minus-dark

response remains, even when the (shifted) peak height near 810 m~ has

become less than 10% of the 880 peak in the unoxidized chromatophores.

There is some indication that in. the presence of the surfactant

Triton X-IOO,(0.5% aqueous solution), the oxidation Hith Zn(lI) and

ferricyanide may be even more selective. In two separate experiments ~

with· this combination of reagents, about 90% of the light-dark response

remained after the absorption peak (in this case, near 860 m~) had .

dropped to 15-17% of its height in the unoxidized material. HOHever,

the procedure is capricious; often the oxidation was extremely sluggish

and much less of the photoinduced response was observed vrith the partially

oxidized preparation •. Oxidations of chromatophores Hith cerium (IV) sulfate

and the o-phenanthroline complex of iron(llI) were not promising; with- .

both of these reagents, rapid coagulation and precipitation occurred.

Oxidations Hith ferricyanide (in the absence of zInc and triton), with

hydrogen peroxide, and with air were' inconveniently slow at room tempera-

tures.
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Absorbance of bacteriochlorophyll in acetone extracts of partially

oxidized chromatophores. In a number of experiments, the fall-off of

the 880 peak during the oxidation of chromatophores was compared with

the diminution of the bacteriochlorophyll peak at 770 m in the acetone

extracts of-the partially oxidized material. Since bacteriochlorophyll

solutions in organic solvents are readily oxidized by air, extraction

of chromatophores and spectral measurements were carried out under

nitrogen. Typically, a sample (original optical density about 3.0 at 880 m~)

partially oxidized with Ir(IV) was measured into a 1 cmcuvette, two drops

of 1 F sodiumdithionite added, the cuvette tightly covered with a rubber

serum cap, and air removed by flushing with nitrogen. The sample was
i:

then diluted with from 10 to 30 times -its volume of acetone (which had

previously been boiled to remove dissolved air), adding the diluent

through the cap using a volumetric syringe. When the precipitated pro-

tein caused difficulty during spectral measurements, the capped cuvette

was wrapped in foam rubber to protect the edges and corners, placed in

a 40 ml centrifuge tube, and centrifuged.

In Figure 3, the absorbancies at 770 ~~ (relative to the ,absorbance

in an extrac~ of unoxidized chromatophores) are compared to the absorbancies
~ .

of the chromatophore preparations from Which the extracts are derived. In

Curve A, the chromatophore absorbancies at 880 m~ are plotted; Curve B

represents the relative absorbancies at the peak~ 880. At first the

two curves coincide, but as the chromatophore peak position shifts to

shorter wavelengths, the optical density' at 880 falls well below that at

the peak positions. During the early stages of the oxidation, the 880

peak height for the chromatophores falls rapidly and the bacteriochlorophyll

i
t.:~

-------------------------'----------------------
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peak at 770 in the acetone extract disappears much more slowly as ,the

most strongly absorbing pigment in the chromatophores is preferentially

consumed. Thus, when the 880 absorbance has dropped about 75%, the 770

absorbance in acetone has dropped only about 24%.

Development and destruction of the 680 pigment. The 680 absorbance

in acetone appears ~mmediately at the onset of oxidation and reaches a

maximum when the 770 absorbance has dropped to about half its initial
•

value. The rate at which the 680 pigment is subsequently destroyed by

further oxidation depends markedly on the nature of the chromatophore

sample. For example, a sample of rubrum was sonicated and centrifug~d

at 40,000 X g for 30 minutes (9), after which the supernatant (contai~ing

small chromatophore aggregates) and the resiaue (containing cellular

debris and larger aggregates) were separately oxidized and extracted

with acetone. With the smaller aggregates, the 680 absorption dropped

off rapidly after reaching its maximum value, falling over 50% as the

770 absorbance (initial value 1.28) dropped from 0.75 to 0.30. With

the larger aggregates, the 680 absorbance stayed near its maximum valu~

-
until about 90% of the 770 ~igment had disappeared. With both samples,

however, the 680 absorbance in the region of maximum yield was about
~

45% of the initial ab£orbance at 770 m~, indicating little difference

in maximum yield i~ the two oxidations.

Separation procedure. ·Rubrum cells from 10 liters of culture (9, 4)

were collected by centrifugation, buffered, sonic~ted, and recentrifuged

at 40,000 X g for 25 minutes. The pigment could be obtained by oxidation

either of the residue or the supernatant, but optimum oxidation conditions

for the two fractions were" generally different. Because of differences
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among cell batches and variability. of the content of oxidizable 'sulfur

compounds in solution, a preliminary oxidation of a small portion of

each batch was carried out to determine the optimum ratio of oxidant to

880 pigment. Typically, a 2.0 ml sample,. optical density 10.5 at 880 m~,

(containing principally large chromatophore aggregates ) required 1. 6 mg

of K2IrCl6 for the maximum yield of 680 pigment in the acetone extract.

The chromatophore suspension was cooled to 0° C, and the calculated

quantity of K2IrC16 solution (0. 02 ~) added dropwise with stirring. The

preparation was allowed to stand for 10 minutes after addition of the

oxidant, then added to 2.5 times its volume of acetone. The preparation
: ~ ...

was centrifuged, the supernatant taken, the residue extracted once with

75% acetone, and the extractions added to the supernatant. The combined

solution was put onto a tightly-packed column of powdered polyethylene. (5)

The column was first developed with 3/1 (v/v) .acetone-water, which eluted

both bacteriochlorophylL (blue) and an additional pigment (abs. max.

approx. 730 m~) which appeared to be formed from bacteriochlorophyll by

air oxidation. Subsequent .elution with 85/15 acetone-water separated

the green pigment from the more strongly adsorbed pink carotenoids.

AlthOUgh the 680 pigment is much less sensitive to air oxidation than

i~ bacterioc~lorophyll, its solutions deteriorate slowly in air with

the formation of a yellow pigment (which may be separated by rechromato-

graphing on polyethylene); hence,· all subsequent operations were carried

out at or below room temperature. The solution Qf the green pigment in

aqueous acetone was concentrated by bubbling dry nitrogen through rapidly.

When a green oil separated, the preparation was extracted with chloroform

(a small quantity of added sodium sulfate aids the separation of,phases

here), the chloroform extracts dr-led with anhydrous sodium sulfate, then
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evaporated, again by passing dry nitrogen through. The highly colored

(almost black) gum-like material which remained was very soluble in

acetone, ether, the lower alcohols, chloroform, and carbon tetra-

chloride, giving brilliant green solutions in each. It could be pre-

cipitated from solution in ether or chloroform by addition of isopentane

and cooling to -40°, but the "solid" became oily and sticky on being

warmed to 0°. All attempts to crystallize the green pigment failed.

Spectra. The visible and near-ultraviolet spectrum of the pigment

(approximately 10-4 molar in acetone) is shown in Figure 1, together

with the product obtained by adding a trace of HCl.

The infrared spectrum (DCC1 3 solution), Figure 4, shows two bands

(2800 and" 2860 cm- l ) in the C-H stretching region and several in the

c=o stretching region. The broad band at 3400 cm- l might be hydrogen-

bonded hydroxyl groups from the compound or from an impurity~.

A satisfactory NI1R spectrum of the pigment, either in deute"roacetone

or deuterochloroform, was not obtained. Saturated (and very viscous)

solutions of the pigment in CDC13 "exhibited a number of proton resonances

between 50 and 330 c.p.s. (Figure 5) relative to tetramethylsilane, pos-"

sibly due in part to decomposition products. However, "the resonances

"between 480 and 600 CIP.S. associated with themethine bridge protons in

chlorophylls and, iF) similar porphyrin derivatives (3) did not appear.

No improvement in the spectrum could be achieved by diluting the solution

or by transferring the pigment to deuteroacetone.
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FIGURES

Fig. 1. Spectra of the "680 pigment" and the product derived from it

by acidification (about 10-4 M in acetone).

Fig. 2. Fall-off of photoinduced absorption changes in ~ rubr~~

chromatophores with progressive bleaching of the absorption

peak near 880 m~.

Fig. 3. Decrease of absorbancies in ~ rubrum chromatophores with

progressive oxidation by Ir(IV), and decrease of absorbance at

770 m~ in acetone extracts derived from these chromatophores.

(A) Absorbancies at 880 m~. (B.) Relative absorbancies at the

(shifting) maximum near 880 m~.

Fig. 4. Infrared spectrum of the 11680 pigment" in CDC13'

Fig. 5. NMR spectrum of "680 pigrnent ll in CDC13 (concentration unknown,

but estimated at 0.02 t'1).

"
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PRODUCTS FROM OXIDATION OF

R. RUBRUM CHROMATOPHORES

Green pigment in acetone
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