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Spectrophotometric analysis of the chlorophyll a
and bacteriochlorophyll concentration in cell cultures
and environmental samples is an efficient and relatively
simple research method necessary for the physiological
studies of phototrophic bacteria in cultures and for
research in their environmental distribution.

Considerable amount of publications describes var-
ious techniques to extract pigments and to calculate the
pigment concentration [1, 2]. In general, the procedure
is as follows: (1) a sample of a known volume (in case
of water or liquid culture samples) or area (bacterial
mats and fouling) is collected; (2) the sample is concen-
trated on a filter, centrifuged, or homogenized; (3) a
known volume of a solvent is introduced into the vessel
containing the sample (the filter, precipitate, or homog-
enized biomass); (4) the sample is incubated in the dark
in a fridge for complete extraction;( 5) cells are precip-
itated by centrifugation; (6) the supernatant is carefully
transferred to a spectrophotometer cuvette; (7) Q,
absorption peak of the extract is measured against the
solvent; and (8) pigment concentration is calculated.

Experience shows that correct calculations of the
concentration at the last step of the described procedure
may be problematic. While for chlorophyll a, absorp-
tion coefficients and formula are well-known, problems
arise when calculating bacteriochlorophyll (a pigment
of anoxygenic phototrophic bacteria, APB) concentra-
tion. First, often publications reporting absorption coef-
ficients of bacteriochlorophylls are not easily available
to researchers. Secondly, errors may occur in the calcu-
lations. The aim of the present work is to help the inves-
tigators to solve these problems.

An important source of errors in the calculations of
bacteriochlorophyll concentration is the use of the so-
called “shortened” formula frequently used for chloro-
phyll a. For example, [Chl a] = 11.9 A, where A stands
for absorption at 665 nm. It is rather tempting to replace
a coefficient 11.9 by bacteriochlorophyll adsorption
coefficient. However, it should be kept in mind that the
coefficient 11.9 is not the adsorption coefficient of
chlorophyll a. It is a value obtained by division of a unit
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by 84 and multiplying the result by 1000, where 84 is
the true coefficient of absorption for chlorophyll a
expressed in 1 g~! cm™ (table). Therefore, the error may
be significant.

Let’s analyze the procedure of calculation. Accord-
ing to the Beer—Lambert-Bouguer law, absorbance (or
extinction) A of a solution irradiated with monochro-
matic light is proportional to the concentration of an
absorbing substance in the solution C and optical path
length L:

A=a-C-L, (1)

where a stands for the extinction (or absorptivity, or
absorption) coefficient, a constant which characterizes
a substance’s absorbance at a given wavelength. It is
expressed in 1 g~! cm™ (specific absorption coefficient).
If the concentration of the solution is expressed in
mol 17!, and the path length, in cm, then the coefficient
a is designated as € and called the molar absorption
coefficient. It corresponds to a portion of light absorbed
by 1 ml of the solution in a 1-ml thick cuvette and is
expressed in M™' cm™ or  mol™' cm™'. These two coef-
ficients correlate according to the formula:

a(lg'em!)xM (gmol!) =€ (I moltcm™), (2)
where M is the molecular weight of a pigment. In prac-
tice, the extinction coefficient expressed in tens of thou-
sands 1 mol~! cm™ is divided by 1000; thus, the result-
ing value is expressed in 1 mM~' cm™. As follows from
equation (1),

C=A/(aL). 3)

To calculate the concentration in the sample, C
should be multiplied by the solvent volume v:

C(in sample) = (A v)/(a L). 4)
Nonspecific adsorption at 750 or 850 nm (A,,,p) 18
subtracted from the measured adsorption (A,,.,s). Thus,
the final formula in pug per sample appears like
C(ug/sample)

&)
= ((Apeas — Aponsp)V (m1)1000/a(l g™ cm™)L(cm)).
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Extinction coefficients of chlorophylls and bacteriochlorophylls
Pigment Solvent Wavelength, nm alglem™ g 1mM! em™ Reference
Chl a (893.5%) Ethanol 665 83.4 [8]
Methanol 665 79.95 71.43 [3]
Acetone (80%) 663 85.95 76.79 [3]
Chl b (907.5) Methanol 652 42.48 38.55 [3]
Acetone (80%) 646 51.84 47.04 [3]
Bchla (911.5) Methanol 771 60 54.8 [9]
Acetone (80%) 770 69.3 [9]
Ethanol 774 59.6 [9]
Acetone—methanol (7 : 2) 771 65.3 [10]
Diethyl ether 773 105 [11]
Bchl b Diethyl ether 791 106 [10]
Bchl ¢ (859.5) Acetone—methanol (7 : 2) 666 86 74 [12]
Methanol 667 86.0 69.7 [13]
Acetone (80%) 662 92.6 [14]
Bchl d (801.9%%) Methanol 657 82.3 66.0 [13]
Acetone (80%) 654 98.0 [14]
Bchl e (834.5%*%) Acetone (80%) 649 58.6 48.9 [15]
Acetone—methanol (7 : 2) 651 41.4 [15]
Methanol 660 35.5 [15]
Ethanol 654 41 [15]
Bchl g (819.5) Methanol 762 92.7 76 [16]
Notes: *Molecular mass of the pigment is given in parentheses.

** Recalculated according to [13].
*#* Recalculated according to [15].

Note that the factor of 1000 is used to recalculate
from parts of milligrams to tens of micrograms. Absor-
bance A is a nondimensional value; however, it is often
estimated in optical density units (ODU) or absorbance
units (AU). The formula may be used in the absence of
considerable amounts of degradation products and a
single pigment present in a sample.

Bacteriochlorophylls a, b, and g in solvents possess
characteristic Qy peaks at 770, 791, and 762 nm respec-
tively, and thus may be easily determined on a spec-
trum. However, determination of chlorophylls a and b
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(peaks at 663 and 646 nm) and bacteriochlorophylls c,
d,and e (667, 657, and 660 nm) present simultaneously
in a sample requires additional analysis.

For chlorophylls @ and b (cyanobacteria, higher
plants, and green algae are present), a correction is rec-
ommended according to the equations proposed by
Porra [3] (in ug/ml methanol):

[Chl a] = 16.29 Ages — 8.54 Agsy,
[Chl 5] = 30.66 Ags, — 13.58 Aggs, (6)
[Chl a+ b] = 2212 A652 + 271 A665'
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In pg/ml 80% ethanol, pH 7.8:
[Chl a] = 12.25 Agez — 2.55 Agsss
[Chl ] =20.31 Agys—4.91 Aggs,
[Chla + b] = 17.76 Agss + 7.34 Aggs.

In case of simultaneous presence of chlorophylls a,
b, and cl + ¢2 (diatomic algae and dinoflagellates are
also present), correction is required according to the
equations of Jeffrey and Humphrey [4] in pg/ml 90%
acetone:

[Chl a] =11.85 A664 —-1.54 A647 - 0.08A630,
[Chl b] = 21.03 Agyy — 5.43 Agey — 2.66 Agay,
[Chl ¢] + 2] = 24.52A 30 — 7-60A 47 — 1.67Ages.

In equations (6) and (7), readings at 750 nm should
be initially subtracted from the optical density values.
Then, the values obtained in equations (6) and (7) may
be introduced into the final formula where v is the sol-
vent volume in ml and L is thickness of a cuvette in cm:

C(ug/sample) = [Chl] v(ml)/L(cm). (8)

In case of simultaneous presence of chlorophylls a
and b, and bacteriochlorophyll ¢ in the sample (for
example, hydrothermal cyanobacteria mats containing
an APB Chloroflexus aurantiacus), Madigan and Brock
suggest that the following procedure should be fol-
lowed: (1) measure the peak absorption at 665 nm in a
solvent; (2) isolate the pigments by chromatography;
(3) measure the absorption of isolated pigments at
665 nm; (4) and divide the common peak height in pro-
portion to the concentrations of purified pigments [5].
Castenholz proposes an even simpler calculation
method: (1) measure the absorbance of the common
peak at 665 nm in a solvent; (2) using the in vivo spec-
trum of cellular membranes in 50% glycerol, determine
the peak height for chlorophyll a at 680 nm and that for
bacteriochlorophyll ¢ at 740 nm; and (3) divide the
height of the common peak in proportion to the in vivo
peak height [6]. To quantify bacteriochlorophyll d (of
green APB of the genus Chlorobium) in a mixture with
chlorophylls a, b, and ¢, Gorbunov and Umanskaya
proposed the following formula (absorbance at 850 nm
should be initially subtracted) [7]:

Bchl d = —12.88A g, +2345A45, — 9.54A¢47 + 0.86Agz3. (9)

At the final step of calculation the obtained values
are recalculated with respect to the initial (before con-
centrating) sample volume or area.
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