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We compare the chlorophyll fluorescence decay kinetics of the wild type and the D2-H117N mutant
photosystem Il reaction centers isolated fr@nhlamydomonas reinhardtilChe histidine residue located at

site 117 on the D2 polypeptide of photosystem Il is a proposed binding site for one of two peripheral accessory
chlorophylls located in the reaction center complex. The peripheral accessory chlorophylls are thought to be
coupled with the primary electron donor, P680, and thus involved in energy transfer with P680. The conservative
replacement of the histidine residue with an asparagine residue allows the chlorophyll to remain bound to the
reaction center. However, slight changes in the structural organization of the reaction center may exist that
can affect the energy transfer kinetics. We show that the D2-H117N mutation causes a shift ifr 8ep20
lifetime component that has been associated with energy equilibration among coupled chlorophylls in the
photosystem Il reaction center.

Introduction The mechanism for energy transfer in the PS Il reaction center
is not well understood and remains an active area of research.
Several models for energy transfer in the PS Il reaction center
have been put forth:~1° One current model by Holzwarth and
co-workers is that after initial excitation there is a subpicosecond
equilibration of energy among the primary donor and coupled
chlorophylls in the reaction center complex. They assign a longer
20—40 ps lifetime to energy equilibration between the primary
electron donor, additional excitonically coupled chlorophylls,
most likely the peripheral accessory chlorophylls, and any
additional chlorophylls bound to the reaction center. After
energy equilibration the primary charge separation (P680
Pheo) then occurs in~3—8 ps!113:20.21Another interpretation

of the energy transfer between the chlorophylls present in the
reaction center has been put forth by Giorgi é6afThis model

still assigns a subpicosecond energy equilibration among the
primary electron donor and coupled chlorophylls. However, this
model suggests that energy equilibration among all the chlo-
rophylls present in the reaction center and the primary electron
donor occurs on this subpicosecond time scale. After energy

Photosystem Il is a proteirpigment complex present in the
thylakoid membranes of higher plant and green alga chloroplasts
that catalyzes the light-dependent oxidation of water. Chloro-
phylls present in the PS Il complex function in energy harvesting
or as the primary electron donor during charge separation.
Charge separation initiates electron transfer in the PS |l reaction
center resulting in the removal of electrons from water and
release of molecular oxygénSince it was first isolated, the
PS Il reaction center has been determined to consist of the D1/
D2 polypeptides, the cytochrome b559 subunits, and the psb |
protein? Although the exact structure of the reaction center is
still unknown, the D1/D2 polypeptides have been found to be
highly homologous to the L/M polypeptides of the purple
bacteria photosynthetic reaction center (PBPRC), whose struc-
ture is knowr=® One difference existing between the two
structures is the number of chlorophylls present. The PBPRC
has four bound chlorophylls while the PS Il reaction center
contains approximately six chlorophylls/two pheophyif.
Based on analogies to the PBPRC two of the six chlorophylls S : :
may function as the primary electron donor, P68GHowever, gqu_lllbratlon among the pigments th_ey assign a-20 ps
as many as six chlorins may be excitonically cougigdvo I|fet|_me t_o the primary chgrge separation (P&heo). ]
accessory chlorophyll monomers lying in close proximity tothe ~ Site-directed mutagensis has proven to be a valuable tool in
primary electron donor are believed to be involved in electron 9&ining fulrther |n5|ght.|nto the functlona_llf[y of the PS.II reaction
transfer to pheophytin, but also are coupled to P680. Two Center. It is now possible to make sp_eC|f|c changes_ln the amino
additional chlorophylls of the PS I reaction center, the acid sequence of th_e D1/D2 _polypeptldes. The kmencs of energy
peripheral accessory chlorophylls, are located further away from transfer between pigments in mutant PS Il reaction centers can

P680? The peripheral accessory chlorophylls are thought to act then be compared to the wild-type PS Il reaction centers. Two
as a link for energy transfer from the antennae chlorophylls of Sites of interest in the PS Il reaction center are histidines located
the PS Il complex to P68HL0 at site 118 on the D1 polypeptide and site 117 on the D2
polypeptide? These histidines are proposed binding sites for
*To whom correspondence should be addressed: sayre.2@osu.edufhe peripheral accessory chlorophyfis?* A conservative
gustafson.5@osu.edu. replacement of the histidine residue would still allow the
. nggﬁmgm g}c gg?]rt“;t(%gy chlorophyll to be bound while possibly making changes in the
s Current Address: Department of Biomolecular Sciences, UmIST, distance and the orientation of the chlorophyll with respect to

Manchester, M60 1 QD, UK. P680. A nonconservative replacement of the histidine residue
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1.25 phyll Qy band peak at 676 nm and the lack of large peak at 434
/P\ — Wild Type RC nm was indicative of a healthy reaction cerff€fhe absorption
100 I N — - DZHITTNRC spectrum was taken again after acquiring the fluorescence decay

to determine if sample degradation had occurred. Our samples
had little or no blue shift in the Qabsorption band, 674 nm,

> 0.75
s which indicates little damage to the PS Il reaction centers
c . . .
£ 050 occurred during the decay collection tirffe.
=05 The samples were degassed by bubbling argon through a long-
necked sample cuvette for-@ min. The cuvette was then sealed
0.25

using a ground glass stopper and then the stopper and cuvette
neck were wrapped with Parafilm. The samples were held at 4
0 °C with a temperature controlled bath (Fisher Scigntific 901)
Wavelength (nm) and a home-built sample cell holder. To prevent interference
from sample denaturing and triplet state build up the samples
Figure 1. Absorbance spectra of the wild-type PS Il reaction centers \were continuously stirred using a Teflon magnetic stir bar.
and D2-H117N mutant PSII reaction centers. The D2-H117N spectrum continuous stirring allows fresh sample to circulate into the
Is offset from zero for clarity. excitation beam path over the course of sample collection.
Photosystem Il chlorophyll fluorescence decays were acquired

would likely prevent coordination of the chlorophyll, as aresult ' : ; X
the chlorophyll would be free to move away from this position. SN 2 time-correlated single photon-counting (TCSPC) sys-
Either type of mutation would be expected to affect the energy ©€M-"" Briefly, a mode-locked Nd:YAG laser (Coherent
transfer between the peripheral accessory chlorophylls and Pego/ANtares 76-s) was used to pump a synchronously pumped
In the present study we use time-resolved fluorescence CaVity-dumped dye laser (Coherent 700 series; DCM; 4 MHz
spectroscopy to probe energy transfer in wild type and D2- "P rate) tuned to 658 nm. The laser pulse was directed to a
H117N mutant PS Il reaction centers isolated fr@nlamy- ~ 2€am splitter. A portion of the laser pulse was sent to a fast
domonas reinhardtii The D2-H117N reaction center is a Photodiode thatinitiates a start pulse. The pulse passed through
conservative mutant, replacing the histidine at site 117 with & constant fraction discriminator (CFD; Tennelec TC-455) to

asparagine. We show that this substitution results in a change€Stablish time zero and begar.1 charging a capacitor in the time-
in the energy transfer rate from the peripheral accessoryto'ampIItUde convertor (TAC; Tennelec TC-864). The other

chlorophvlls to P680. portion of the pulse was used to excite the sample. The incident
phy beam (0.8 mn¥) power was held at or under 8 mw during
Experimental Section the entire decay collection. The PS Il chlorophyll fluorescence

) ] ] emission was detected at QQvith respect to the sample

Sample Preparation.Generation of Mutants and Thylakoid  excitation beam. The chlorophyll fluorescence emission was
Preparations D2-H117N and D2-H117Q mutants were gener- collected at 684 nm using a series of optics; two broadband
ated and tshylak0|d membranes were prepared as describedyntireflection (BBAR) focusing lenses, a polarization analyzer
separately: ) ) . (set at 54.7 with respect to the laser pulse), and a polarization

PS Il Reaction Center Complex Isolatid?S Il reaction center scrambler, and focused on the slit of a monochromator
complexes from wild type and D2-H117N mutant cells were (american Holographic DB-10s). The collected photon then
purified from PS I, BBY-type particles prepared by Triton  gtyck a micro-channel plate photomultiper tube (MCP-PMT;
X-100 (TX-100) solubization of thylakoid membranes according Hamamatsu R2809U-07), was amplified by a preamplifer
to the procedure of Berthold et A complete description of  (EG&G Ortec 9306), and sent to a picosecond timing discrimi-
the reaction center isolation will be provided elsewhere. Briefly, naior (EG&G Ortec 9307). This stop pulse terminated the
however, BBY-type parti_cles were solubilized with Triton X-100 charging of the TAC capacitor. The signal was then sent to a
followed by centrifugation at 100000 g for 1 h. The PSIl' myjti-channel analyzer (MCA; Tennelec PCA-II) that built a
fraction (supernatant) then was loaded onto a DEAE-Toyopearl histogram representing the chlorophyll fluorescence decay
650S column (Rohm and Haas) and washed until the elute had(lo 000 counts are collected in the peak channel).
an absorbance at 675 nm of less than 0.04 OD'cRSII The time window of the TCSPC instrument was adjusted to
reaction center particles were eluted using a NaCl gradient, .,ntro) the lifetime resolution. To observe fast components of

reapplied to the column, and selectively eluted again. The o pg || reaction center decay we used a 2.5 ns window. We
purified reaction centers were suspended in a buffer containing,,ere aple to resolve lifetimes from approximately 4 ps to 1.5

20 mM Mes-NaOI_—| (pH 6.0), 10% (W/V) glycerol, 2 mM ' \yith this window setting. We would then enlarge our time
n-dodecylp-maltoside (DM), 200 mM NaCl for the fluores-. window to 150 ns in order to resolve longer lived components.
cence decay study reported here. The chlorophyll concentrationryg |onger time window was used to measure lifetimes between

of thylakoid and PS Il membranes was determined by the y g ang 35 ns. The decays were then fit using a distribution of
method of ArnoA” while the chlorophyll, pheophytin, and |itatimes3ta2

carotenoid concentration of the purified PSII reaction centers

was done according to Eijckelhoff et @lFor chlorophyll Results

fluorescence decay experiments PS |l reaction centers having a

chlorophyll/pheophytin ratio of 67/2 were used. Photosystem 1l reaction centers have complex chlorophyll
Fluorescence/Absorption MeasurementsThe absorption fluorescence decay kinetics. In Figure 2A we present the PS I

spectrum (Perkin-Elmer Lambda 20) for each photosystem Il wild-type reaction center chlorophyll fluorescence decay taken

reaction center sample was taken prior to running the fluores- using a 150 ns window. Figure 2B shows the fitted lifetime

cence decay to determine the quality of the reaction centers. Indistributions for the decay in 2A. The chlorophyll fluorescence

Figure 1 we show the absorption spectra for the wild type and decay could be fit with four lifetime components centered at

D2-H117N PS Il reaction centers. The presence of the chloro- 550 ps, and 2.5, 5.5, and 35 ns. The 550 ps component is an
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Figure 2. Chlorophyll fluorescence decay curve and exponential series
method (ESM) fitted curve for the wild-type PS Il reaction center in a

150 ns window (A), with the ESM lifetime distributions fit (percent
contribution versus lifetime) (B).
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Figure 3. Chlorophyll fluorescence decay curve and exponential series
method (ESM) fitted curve for the wild-type PS Il reaction center in a
2.5 ns window (A); with the ESM lifetime distributions fit (percent
contribution versus lifetime) (B).

artificial value. Owing to the size of the observation window
all short-lived components are fit to this limiting value. To
observe directly the short-lived components we obtain decays
with a 2.5 ns window. In Figure 3A we show the PS Il wild-
type reaction center chlorophyll fluorescence decay taken with
a 2.5 ns window. Figure 3B shows the corresponding lifetime
distributions for the decay. Five lifetime components centered
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Figure 4. Chlorophyll fluorescence decay curve and exponential series
method (ESM) fitted curve for the D2-H117N PS Il reaction center in
a 2.5 ns window (A); with the ESM lifetime distributions fit (percent
contribution versus lifetime) (B).

the 2.5 ns window fluorescence decay. Similar to the longer-
time window, the component atl ps is likely a limiting value

for components faster than our time resolution. And the 1.6 ns
component represents all the long-lived components. The two
windows give rise to seven separate, identifiable components
in the fluorescence decay of PS II.

To probe the energy transfer of the peripheral accessory
chlorophylls we compared the fast decay kinetic of the D2-
H117N PS Il reaction center with the wild type. The D2-H117N
PS Il reaction centers also gave complex chlorophyll fluores-
cence decays very similar to the wild type PS Il reaction centers.
The chlorophyll fluorescence decay of the D2-H117N mutant
reaction center taken in the longer window1(50 ns) gave
similar lifetime components to those obtained from the wild
type reaction centers taken in the longer window. The only
significant difference between the lifetime components of the
wild type reaction centers and D2-H117N mutant reaction
centers is seen in the shorter window2(5 ns). Figure 4A
shows the chlorophyll fluorescence decay of the D2-H117N
mutant reaction center taken in the 2.5 ns window. The
chlorophyll fluorescence decay for the D2-H117N PS Il reaction
center also fit to five lifetime distributions in this window
(Figure 4B). The lifetimes were centered at 1.15, 10.5, 67, and
230 ps and 1.75 ns. A comparison of the decay components of
the wild type PS Il reaction center and of the mutant PS I
reaction center shows a significant change in only one of the
five components. In the wild-type PS Il reaction center there is
a fast component centered at 27.6 ps, however in the D2-H117N
PS Il reaction center there is no contribution from a 27.6 ps
component but rather we observe a 10.5 ps lifetime distribution.

Discussion

Lifetime Fitting Methods. The photosystem Il reaction
center is a complex system, therefore, choosing a data analysis
model that accurately represents this environment should be

at 1.15, 27.6, 67.2, and 226 ps, and 1.65 ns were needed to fiaddressed. The most common method for fitting fluorescence
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decay curves is to use a discrete sum of exponentials. Typically,isolated from spinach.3437They assigned this lifetime to the
anywhere from one to six discrete lifetime components are primary charge separation (P68Phea). However, debate
summed to create a fitted curve of the data. We have chosenabout this assignment exists. It is agreed that ultrafast energy
instead to use a distribution of lifetimes as a model for the PS transfer among chlorophylls in the PS Il reaction center does
Il chlorophyll fluorescence decay process. We believe that this occur on the femtosecond time scale. Our time-resolved
method more accurately reflects the physical reality of the chlorophyll fluorescence measurements show the presence of
energy fluctuations of the chromophores in the protein environ- an extremely fast component. The chlorophyll fluorescence
ment. A discrete sum of exponentials does not take into accountdecays we acquired for both the wild type and D2-H117N
minor fluctuations in energy levels due to a heterogeneous mutant PS Il reaction centers were consistently fit with-e21
environment. The PS Il reaction center is known to have a ps lifetime distribution (Figure 3B and 4B). This lifetime is
complex matrix that can vary slightly from one reaction center beyond the resolution of our TCSPC system, therefore, we will
to another. The exponential series method (ESM) uses anot attempt to assign an exact lifetime value or attribute this
continuous distribution of lifetimes to fit fluorescence decay component to a specific kinetic event. We feel we can say this
curves$~32 A chosen number of lifetimes, typically between lifetime distribution is a combination of the extremely fast events
100 and 200, are logarithmically spaced in the fitting window resolved into one lifetime component, much like the 550 ps
and only their amplitudes are adjusted until the fit is optimized. component we see in the 150 ns window fit. To ensure this
The ESM fitting method has been shown to have advantagescomponent was not a fitting artifact we generated synthetic
when fitting heterogeneous environments. We have compareddecay curves that lacked the two fastest components, 1.15 and
both fitting methods with our chlorophyll fluorescence decays 27.6 ps. The ESM fit for these decay curves did not produce
in an effort to find the most appropriate model to represent the either lifetime component.

PS Il reaction center. In addition to the +6 ps component we see a lifetime
The exponential series method and the discrete lifetimes component at 27.6 ps in the wild-type reaction centers.
method could be used to produce acceptable fits based onComparison of this component of the two PS Il reaction centers
reduced chi-squared values and weighted residual plots. It shouldshows a change from 27.6 ps for the wild-type PS Il reaction
be noted when a discrete sum of exponentials was used the Pgenter (Figure 3B) to 10.5 ps for the D2-H117N mutant PS Il
Il fluorescence decays in both TCSPC windows could be reaction center (Figure 4B). The remaining six lifetimes for the
adequately fit by four lifetime components. However, we believe two PS Il reaction centers reveal no significant deviations. This
the ESM method held several advantages over fitting to a would indicate the 27.6 ps component and the 10.5 ps
discrete sum of exponentials. The ESM fits were reproducible component arise from the same process. The histidine replaced
from one PS Il sample to another. Fitting to a discrete sum of jn the D2-H117N reaction center is a proposed binding site for
exponentials would not consistently yield the same values for gne of the two peripheral accessory chlorophylls located in the
the intermediate lifetime components. When fitting the PS Il ps || reaction center. Histidine is capable of coordinating the
decays, the ESM method also appeared to be more robust thatperipheral chlorophyll. The D2-H117N mutant makes a con-
using a discrete sum of exponentials. Minor adjustments madeseryative replacement of the histidine with asparagine so the
to the fitting parameters in the ESM fitting routine would not  chlorophyll may still be bound by the amino acid. However,
cause significant changes in the lifetimes. For instance, we werethe native binding site has been altered. As a result a change in
able to run fits of the same PS Il decay curve in different ESM the hond strength is expected, leaving two different possibilities
fitting windows without seeing deviations in the lifetimes. We  for the structural organization of the D2-H117N reaction centers.
could also vary the dark count level or the Starting position of First, the periphera| accessory Ch|0r0phy|| is still bound to the
the fit without any effect on the lifetimes. In contrast, we could p2-H117N residue. This organization would result in slight
not make similar changes in the fitting parameters while fitting changes to both the distance and the orientation of the peripheral
to a discrete sum of exponentials without noticeable deviations accessory chlorophyll with respect to P680. These factors are
in the lifetimes. both important contributors in the Ester energy transfer rate,
Time-Resolved FluorescenceThe time-resolved fluores-  therefore a change in the energy transfer rate would be expected
cence decays of the wild-type PS Il reaction centers show ninein the mutant reaction cent& The only significant change we
lifetime components in the two time windows (Figure 2B and see in the decay kinetics is a change in the 27.6 ps component
3B), of these nine there are seven unique components; 1.15(Figure 3B) to 10.5 ps (Figure 4B). This would suggest a
27.6, 67.3, and 226 ps, and 2.5, 5.5, and 35 ns. The origin of relationship between the peripheral accessory chlorophyll and
the two long-lived components has been well established in thethe 27.6 ps lifetime component, more specifically the 27.6 ps
literature and our lifetimes of 5.5 and 35 ns (Figure 2B) agree component is due to an energy transfer process involving the
well with lifetimes seen by other group283#3¢ The presence  peripheral accessory chlorophyll and P680. Alternatively, the
of the 5.5 ns component is due to chlorophylls that are peripheral accessory chlorophyll may no longer be bound to
energetically uncoupled from the reaction centers. To confirm sjte 117 in the D2-H117N PS Il reaction centers. The PS I
this assignment in our PS Il decays and with the ESM fitting reaction center preparations we used, however, had 6
method we measured the fluorescence decay of chlorophyll in chlorophylls/2 pheophytins suggesting that the peripheral ac-
methanol. We obtained a single ESM lifetime at 5.6 ns (not cessory chlorophyll was still bound to the asparagine residue.
shown). The presence of the very long-lived component has If, however, the peripheral accessory chlorophyll coordinated
been assigned to recombination of the primary charge separategy the D2-H117N mutant was not bound then energy transfer
state P680/Phec. The intermediate lifetime components (in  from this peripheral accessory chlorophyll to P680 would be
our decays 67 and 226 ps and 2.5 ns) have been attributed tqost. We did not see a loss of any lifetime component, only a
energy transfer and/or radical pair relaxation processes. shift in the 27.6 ps component. However, if we consider an
The presence of a-16 ps component has previously been energy equilibration model rather than a direct energy transfer
reported by Holzwarth and co-workers based on time-resolved we may still expect a change in the lifetime. Energy equilibration
chlorophyll fluorescence measurements of PS |l reaction centersoccurs among a pool of pigments; if one chlorophyll is removed
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there could be an effect on the overall equilibrium position for (2) Nanba, O.; Satoh, Keroc. Natl. Acad. Sci. U.S.A987, 84, 109~
energy transfer among the pigment pool. As a result a changel12: _ N _
in the energy equilibration time would be expected. Other time- 19823é1%e§fg_hg;irf J.; Epp, O.; Miki, K.; Huber, R.; Michel, Nature
reso_lved chIor(_)phyII flgorescence and transient ab_sorpt|on (4) Michel, H.: Deisenhofer, Biochemistry1988 27, 1-7.
studies done with the wild-type PS Il reaction centers isolated  (5) yan Gorkom, H. J.; Schelvis, J. P. Mhotosyn. Res1993 38,
from spinach have also reported the presence of-a355ps 297-301.
lifetime 11:15-19.34.37 Time-resolved fluorescence studies have (6) Eijckelhoff, C.; Dekker: J. PPhotosyn. Resl997, 52, 69-73.
typically used an excitation wavelength on the blue edge ofthe  (7) Sayre, R. T.; Andersson, B.; Bogorad,&ell 1986 47, 601-608.
chlorophyll Q, absorption band, preferentially exciting the (8) Tetenkin, V. L.; Gulyaev, B. A.; Seibert, M.; Rubin, A. BEBS
peripheral accessory chlorophylls. Based on decay associatedett- 1989 250 45?9_4_63' _ o o
spectra derived from these studies the—85 ps lifetime Bioégzlslsmg&ngogg fg.égiigil-liésgawamon, A.; Akabori, Kiochim.
component h_as often be_en attributed to energy tra_nsfer among  (10) Roelofs, T. A.; Kwa, S. L. S.; van Grondelle, R.; Dekker: J. P.:
chlorophylls in the reaction center. However, transient absorp- Holzwarth, A. R.Biochim. Biophys. Acta993 1143 147-157.
tion studies have mainly excited on the red edge of the (11) Gatzen, G.; Mueller, M. G.; Griebenow, K.; Holzwarth, A. R.
chlorophyll Q band, preferentially exciting P680. Many of the  Phys. Chem1996 100 7269-7278.
groups exciting on the red edge have assigned a3bps 0%, BT B N S Ao 66, i 52 11636,
lifetime to the primary charge separation, P6ftheo. Our . ;

. . . (13) Konermann, L.; Gatzen, G.; Holzwarth, A. R.Phys. Chem. B
fluorescence studies have focused on preferentially exciting the 1997 101, 2933-2944.
peripherial accessory chlorophylls. Based on our results, we  (14) Dau, H.; Sauer, KBiochim. Biophys. Actd996 1273 175-190.
suggest the 1535 ps lifetime component is due to energy  (15) Schelvis, J. P. M.; van Noort, P. I.; Aartsma, T. J.; van Gorkom,
transfer among coupled chlorophylls in the reaction center and H. J. Biochim. Biophys. Actd994 1184 242-250.
P680. However, we cannot rule out that the—B% ps (16) Giorgi, L. B.; Nixon, P. J.; Merry, S. A. P.; Joseph, D. M.; Durrant,

; . ; J. R.; De Las Rivas, J.; Barber, J.; Porter, G.; Klug, DJRBiol. Chem.
component seen using red edge excitation is the result of 7906 271 2093-2101.

different process. (17) Hastings, G.; Durrant, J. R.; Barber, J.; Porter, G.; Klug, D. R.
) Biochemistryl992 31, 7638-7647.
Conclusions (18) Giorgi, L. B.; Durrant, J. R.; Alizadeh, S.; Nixon, P. J.; Joseph, D.

. . . .. M.; Rech, T.; Barber, J.; Porter, G.; Klug, D. Biochim. Biophys. Acta
We have screened various data analysis methods to identify1994 1186 247-251. g phy

methods which best represent the heterogeneous environment (19) Greenfield, S. R.; Seibert, M.; Govindjee; Wasielewski, M. R.
of the PS Il reaction center. We compared fitting chlorophyll Chem. Phys1996 210, 279-295.

fluorescence decays to a discrete sum of exponentials and to a (20) Wasielewski, M. R.; Johnson, D. G.; Seibert, M.; Govindjeec.
continuous distribution of lifetimes; we believe that the distribu- Naf- Acad. Sci. U.S.AL989 86, 524-528. _
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PS Il reaction center environment. The ESM method was more (22) Mulkidjanian, A. Y.; Cherepanov, D. A.: Haumann, M.; Junge, W.
robust and was reproducible from one PS Il sample to another. Biochemistry1996 35, 3093-3107.

The time-resolved chlorophyll fluorescence data we have (23) Hutchison R. S.; Sayre, R. Photosynthesis: From Light to
obtained for the wild type PS Il reaction center and the D2- Biosphere Kluwer Academic Publishers: Norwell, MA, 1995; pp 471
HII7N m.“tf"‘r.‘t PS II_react|on center provide fu_rthgr e"'qence (24) Stewart, D. H.; Cua, A.; Chisholm, D. A.; Diner, B. A.; Bocian,
that the histidine at site 117 on the D2 polypeptide is a binding p . Brudvig, G. W.Biochemistry1998 37, 10 040-10 046.
site for one of the two peripheral accessory chlorophylls. The  (25) Ruffle, S. v.; Sayre, R. TBiochemistry1999 submitted.
replacement of the histidine residue with an asparagine residue (26) Berthold, D. A.; Babcock, G. T.; Yocum, C. FEBS Lett.1981,
showed a significant change in the fluorescence kinetics of the 134, 231-234.
chlorophylls present in the PS Il reaction center. In addition,  (27) Arnon, D. I.Plant Physiol.1949 24, 1-15.
we suggest that the 27.6 ps lifetime component in the chloro- (28) Seibert, M.; Picorel, R.; Rubin, A. B.; Connolly, J.8ant Physiol.
phyll fluorescence decays of the wild type reaction center should 1988 87, 303-306.

. - - . (29) O’Connor, D. V.; Phillips, D.Time-Correlated Single Photon
be assigned to the energy transfer involving the peripheral c,ning Academic Press Inc.: London, 1984.

accessory chlorophyll and P680, rather than to only the primary (30) Demas, J. NExcited-State Lifetime Measurementscademic
charge separation (P68®heo’). However, we cannot as yet  Press: New York, 1983; pp-1273.

establish if this component is due to energy transfer from the  (31) Siemiarczuk, A.; Wagner, B. D.; Ware, W. R.Phys. Chen.99Q
peripheral accessory chlorophyll to P680 or due to energy 94 1661-1666.

equilibration among a pool of chlorophylls that include the ~ (32) James, D. R.; Ware, W. REhem. Phys. Letfl986 126 7-11.
peripheral accessory chlorophyll (33) Govindjee; van de Ven, M.; Preston, C.; Seibert, M.; Gratton, E.

Biochim. Biophys. Actd4990Q 1015 173-179.

(34) Roelofs, T. A.; Gilbert, M.; Shuvalov, V. A.; Holzwarth, A. R.
Acknowledgment. We acknowledge the Department of gjochim. Biophys. Actd991 106Q 237—244.

Energy for partial support of this work and The Ohio State  (35) Crystall, B.; Booth, P. J.; Klug, D. R.; Barber, J.; Porter RGBS
University for partial support of this work through an Interdis- Lett. 1989 249 75-78.
ciplinary Seed Grant. (36) Mimuro, M.; Yamazaki, |.; Itoh, S.; Tamai, N.; Satoh, Biochim.
Biophys. Actal988 933 478-486.
(37) Holzwarth, A. R.; Muller, M. G.; Gatzen, G.; Hucke, M.; Griebe-

now, K. J. Luminesc1994 60—-61, 497—502.

(1) Seibert M.The Photosynthetic Reaction Centécademic Press: (38) Lakowicz, J. R.Topics in Fluorescence Spectroscpienum
Orlando, FL, 1993; pp 319356. Press: New York, 1991; Vol. 2.

References and Notes



