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ABSTRACT                       Production and arrangement of photosynthetic pigments into protein complexes 
were monitored by steady state and kinetic absorption and fluorescence methods in different 
phases of growth curve of photosynthetic purple bacterium Rhodobacter sphaeroides. The 
increase of the number of pigments (B800, B850 and B875) followed that of the cells and could 
be described by the modified Gompertz equation. The newly synthesized chromophores were 
imbedded immediately into the proteinous scaffold independently on the age of the cell (no free 
pigments were observed). The assembly, however, showed age-dependent changes manifested 
by slight (~5 nm) blue-shift of the absorption peak of B875 in LH1, by small increase (~10%) of 
the variable fluorescence and by increased duration of the electrochromic shift detected at 525 
nm. The observed changes of the organization of the bacteriochlorophylls in the photosynthetic 
units upon aging the cell correspond to the tendency of more efficient capture and utilization 
of light energy. Acta Biol Szeged 54(2):149-154 (2010)

KEY WORDS

growth curves
photosynthetic pigments
light harvesting systems
absorption spectra
fluorescence induction



Materials and Methods

Results

Steady state absorption and fluorescence 
spectra

Figure 1. Artistic visualization of the photosynthetic light harvesting 
apparatus of Rba. sphaeroides 2.4.1. and migration and capture of the 
excitation photon h  by the reaction center RC. LH1: light harvesting 
complex 1, PufX: PufX protein,  and : bacteriochlorophyll binding 
proteins, B875, B850 and B800: bacteriochlorophylls of absorption 
maxima at 875, 850 and 800 nm bound to /  dimers, respectively, 
LH2: light harvesting complex 2.



Flash induced absorption and fluorescence 
kinetics

Figure 2. Steady state absorption and fluorescence spectra of intact 
cells of Rba. sphaeroides. The absorption spectrum is decomposed into 
three Gaussian components of peaks at 800 (· · ·), 850 (– · · –) and 875 nm 
(– – –) and the fluorescence spectrum into two Gaussian components 
of peaks at 850 nm (- · - · - ·) and 895 nm (– · – ·). The blue part of the 
fluorescence spectrum is cut by a red filter (RG-850).

Figure 3. Fluorescence induction (A) and kinetics of flash-induced ab-
sorption changes (B) of young and old cells of Rba. sphaeroides 2.4.1. 
Panel A: Fluorescence induction kinetics upon stepwise dark-light 
transition. F0, Fv and Fmax are the dark, the variable and the maximum 
levels of fluorescence, respectively. The variable fluorescence in young 
cells is smaller than in old cells. Panel B: Electrochromic signals at 525 
nm. (The trace taken at 0 hrs is multiplied by 10.) While the young 
cells have fast decay kinetics after the small abrupt increase, the old 
cells have a second and slower increase followed by a slow decay. (For 
details see Table1.)

Table 1. (Bi)exponential fit of the flash induced electrochromic 
kinetics of young and old cells (Fig.3, panel B).

age of 
the cells 
(hrs)

rise decay
(B’C or BC)abrupt 

(OB’ or OA)
slow (AB)

amplitude
(mOD)

amplitude
(mOD)

time
(ms)

amplitude
(mOD)

time
(ms)

young (0) 1.8 – – 1.8 10
old (28) 27 54 2.3 81 42
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Growth curves 
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Table 2. Parameters of the growth curves (Fig. 4, panels A-C) fit-
ted by the Gompertz equation (Eq. (2)) using N0, N and Nmax as 
initial, actual and asympthotic values of the investigated physi-
cal quantity (cell number, fluorescence, absorption or electro-
chromism), respectively, µmax as maximum rate of doubling and  
Δt0 as lag time. The cultures used in rows 1 and 2 were different 
from that used in rows 3 and 4.

physical quanti-
ties

initial 
value

fitting parameters
as-

ympthot-
ic value

maximum rate 
of doubling µmax 

(h-1)

Δt0 (h)

cell number 5.5·108 
cells/ml

8.2·109 
cells/ml

0.4 1.9

fluorescence, 
Fmax (rel. units)

1.5 24 0.5 1.8

absorption 
(area, relative 
units)
B800
B850
B875

0.18
0.18
0.55

23
19
68

0.44
0.42
0.43

2.2
2.4
1.8

electrochromism 1.8 
mOD

81 mOD 0.7 2.9

Figure 4. Growth curves calculated from cell number (Panel A, ●), from maximum fluorescence level (Fmax) of the induction (Panel B, ■) and 
from areas of the Gaussian components (B800 (□), B850 (●) and B875 (▲)) of the absorption spectrum (Panel C) and fitted with the modified 
Gompertz equation (Eq. (2)). The best fit values are shown in Table 2. Panel D: The ratios of the absorption bands, B875/B800 (○) and B850/
B800 (▼) are indicative of the changes of the LH1:LH2 distribution and of the share of the two BChl rings (B850 and B800) within the LH2 
complex, respectively. 
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Discussion

Figure 5. Fluorescence induction (A and B) and spectral changes (C) 
during cultivation of Rba. sphaeroides 2.4.1. Panel A: The Fv/Fmax ratio 
shows abrupt rise upon cell division (■) and remains constant even in 
old cells. Panel B: The photochemical rise time (●) increases in younger 
cells, then levels off and decreases finally to the initial level in older 
cells. Panel C: Wavelength shifts of the peaks of characteristic bands 
during the growth of the bacterial culture. The main fluorescence 
band F900 shows red shift, the absorption band B875 of LH1 has blue 
shift and the B800 and B850 bands of LH2 have no changes during the 
exponential phase of the growth. 
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