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Abgract :  Cucumber ( Cucumis sativusL.) LHG

conmplex , which conggs of only one subunit (27 kD) ,

was iolated and purified. 2-D crygdlization was performed by batch method. The crygd is0. 7Umx 1.0
um, and diffracts to 30 A. The projection mep of the negatively sained two-dimendona crysd of LHG

cormplex shows that the crystd has p3 symmetry , lattice congant 15. 4 nmx 15. 4 nm, which is different from
theLHG o finach (Spinacia deraceal.) and pea ( PisumsatiumL.) . A continuous tomographic tilt se-
ries, containing 12 projections from the two- dimensona cryga was subjected to 3-D recondruction. The 3-D

nmodd represents that L HG
the dx-member ring.
Key words: LHG

The light- harvesting chlorophyll a/ b conplex (LHG
) asociated with photosysem  in green plantsis the
nog abundant protein complex in the photosynthetic
membrane , and done acoounts for roughly hdf the entire
chlorophyll &/ b conmplexes. It oollects mog of the light
energy for tranderring to the reaction center , where water
islitinto H, and O,. LHG  d9 functions to involve
in keeping the photosynthetic membranes sacked and regr
ulate energy digribution between PS  and PS
The dructure of LHG  from pea chloroplags has
been determined to 3. 4 A by dectron crysalography!®’ .
This atomic nodd reveds tha LHG  noromer , which
binds chlorophyll a (7) and b (5) , contains threed-he-
lices and pansthe membrane. LHG  isatrimer. Smi-
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oonplex condds o 6 moromers. These trimer and dimer interactions build up

; electron microsoopy ; 3-D recongtruction

larly, the 2D crysgd of LHG  conplex islated from
ginach is do a trimer gudied by dectron cryo-mi-
crosoopy!?).  The sructures lved from 2-D crystd from
both pea and sinach, however , contains at leag two
polypeptide i oforms (25 kD and 27 kD) . Both polypep-
tides were suggeded to have comnon, but not identical ,
dructure festure. It is mot known whether LHG  trimer
oondgsaf one polypeptide or two, but it is nog likely
that the different i oforms can combine interchangeably inr
to trimer based on high conservity of two isoforms. The
biologica rolesdf the isforms are not fully understood a-
though one isoform is phogphorylated nore repidy than
the other , suggeding it may be tightly associated with
PS . It is krown that phoghorylation of LHG
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control s energy digribution between PS  and PS  [3].

In order to undergand the gructure and function of
each isform of LHG |, the LHG  conmplexes were
iolated and purified from cucumber and inach. DS
PAGE dowed that LHG  complex from cucumber is
dominated by one polypeptide (27 kD) while that from
ginach condgsaof 25 kD and 27 kD isfforms. In thispa
per , the 2-D crygdlization of LHG  from cucumber is
presented with the preliminary results of its 3D recorr
gruction gudied by eectron crygalography.

1 Materialsand Methods

1.1 Isdation, purification and characterization of
L HG  from cucumber and spinach

LHG  was iolaed and purified from market
inach (Spinacia deracea L.) and cucumber ( Cucumis
sativus L.) leaves by the method of Lou e all*l. Its
emisdon fluorescence ectra were recorded at 77 K (Hi-
tachi 4500) , the excitation wavelength was 480 nm.
1.2 2D crydallization o L HG  from cucumber

LHG  was precipitated by adding 4 nol/L KQ
(find concentration 300 mnol/L) into 0.5 L H,O conr
taining 7. 25U L (7 mg chlorophyll/ mL) LHG  and col-
lected by centrifugation. The LHG | then, was lub-
lised by 20puL bufer containing 0. 2% Triton X-100,
40 % gycerol (W/ V) , and 10 mnol/L dycine. The s
[ution was incubated for 48 hat 25  and then heated up
to 40  for 2 hfor the formetion of 2-D crygads.
1.3 Specimen preparation of eectron microscopy

1.54L diquots of sanples were goplied to freshly
prepared and dgow- discharged carbon films on 400 mesh
oopper grids (FAamo Inc. , Germany) . After 1 min, ex
cess gl ution was blotted off from the dde of the grid for
dx to ten seconds with one layer of filter paper (Whatman
No. 1). Specimens were negatively stained with uranyl
acetate (2% (W/V)) .
1.4 Hectron microscopy

Soecimens were routindy examined with a Phillips
Biotwin 120 eectron microscope (Max- Fanck- Inditute for
Biochemigry, Germany) operated at 120 keV and
equipped with a Gatan energy filter and a dow scan CCD
camera (1024 x 1 024) . The images were recorded at a
megnification of 31 000 and - 500 nm defocus. For 3-D
recongruction , atilt seriesof images was taken from nomr
ind @ to - 55° with an increment of 5°. The totd dose
for atilt series was less than 15 e/ A2. In order to focus
the sanple for imaging, an area located 2 - 34 m away
from the area of interes was sected for autofocus ng.
After moving the eectron beam back into the area of in-
tereg images were taken.

1.5 Image processing

Images were procesed on Unix workgation usng
MPI serrper program. Projections were subject to corrda
tion averagng. After firgd round run, correation peaks
were selected. With the preddined peaks and new refer-
ence from the average of odd and even number cdl , sec
ond round run was carried out , © the unit cell parameters
were obtained. Untilted image indicated P6 symmetry. 3
D recongruction was acoonplished by the hybrid Fourier
gacel red- pace gpproach, darting with unit cdls ex
tracted from correlation averages of the tilt series. 3-D
node s were generated by gppropriate thresold by AVS.

2 Resultsand Discussions

2.1 Characterization of L HC
and spinach

LHG  oonplex was ilated and purified nearly to
homogeneity from cucumber and spinach leaves(Fig. 1A) .
Cucumber LHG  shows mainly one band (27 kD) ,
while two bands (25 kD and 27 kD) for fpinach. This
result indicated that LHG  conplex from cucumber conr
tained one isform, but ginach LHG  conplex cons &-
ed of two igforms. Thee two LHG  conplexes were
goectrosopicaly characterized , they behaved differently.
It is krown thet LHG  binds a minimum of 12 chloro-
phyll a and b nolecules, whose maximum emisson waver
lengths are 695 nm and 685 nm reectively. As sownin
Fg. 1B, chlorophyll a and b from cucumber showed
gronger emisson of 695 nm than 685 nm, in contrag to
ginech LHG . Thisresult suggedsthat LHG oot
plex binds different chlorophyll a and b in cucumber and
inach.
2.2
L HC

2-D crygd o cucumber LHG  was grown by the
batch method!®!. The better crystd for data processng
has 0. 74 m x 1. O m and gppears the arrays examined by
electron microscope. The computed Fourier trandorm of
urttilted image showed the third order diffraction pots cor-
regponding to 30 A resol ution. Fg. 2 presents the eectron
micrographic image tilted 50° and its Fourier tranform. It
clearly showsthe (0,3) diffraction spots, esecialy these
ots remain at titled 50° , suggeding thet little radiation
damage was accumulated during the course of data oollec
tion because the low does exposure and auto focus techr
niques were goplied.

A windowfiltered image was used as a rderence;
the crydalline arraysin FHg. 2 containing 1 015 correlation
peaks were procesed. The projection mgp caculated

without imposng symmetry was grongy suggeded to be

from cucumber

Image analysis of 2-D crysal o cucumber
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Fig.1. A. DSPAGED LHG oonplex from spinach (9 and
cucumber (C). B. Huoresent emision gectrum of spinach ()
and cucumber (C) & 77 K.

p3 symmetry abet the conputed Fourier trandorm showed
p6 symmetry. By usng the average of odd and even peaks
as a new reference and predefined correlation peaks, the
origna image was processed for second round with inpos
ing p3 symmetry , and the root mean square (RMS) devi-
ation values were gpparently inproved. The 2-D projec
tion mep is shown in Fg. 3. The low redlution (30 A)
mgp hardly didinguish the arrangement of the subunits,
but it is clear that LHG  subunits are asociated in a
“ head-to-tail” fashion around a centrd cavity , which is
conggent with the LHG o spinach®!. It was found
thet the inach LHG  isatrimer. Its 2D crygd has
p321 symmetry , lattice condant 12. 4 nm x 12. 4 nm,
each unitcel contains two LHG  trimer related by a
two-fold axis. Snce the relution of our projection mgp
islow and p6, p321 and p3 have internd correlation,
currently it is inpossble to exactly asign the symmetry.
However , these three kinds of symmetries were applied to

caculate the projection mep , and no apparent difference
was observed at the relution. Neverthdess, p3 symme
try was gpplied in the work for sffe dde due to the lowest
symmetry among them. As the lattice condant of this
crygd is15.4 nm x 15. 4 nm, which is larger than that
of ginach , the cryga we obtained here might gppear asa
new form.

2.3 3D recondruction of cucumber L HG

A oontinuous tilt series, containing 12 projections
from the 2-D crygd shown in FHg. 2, was subjected to 3
D recondruction. The actud tilt anges ranged from 1° to
- 54°. No dgnificant radiation damage was accumulated
while recording the tilt series, as the power ectra of
mmnd O tilts a the begnning and end of the series
showed o loss of irformetion.

Each tilted image was processed sparately as above
and the lattice base vectors as well as the tilt parameters
were obtained. Following the 3-D recondruction proce-
dure egablished in Max- Hanck- Inditute for Biochemigry
in Germany, 3D nodd was generated by gopropriate
threshold by AVS, as sown in Hg. 4. The threshold for
the isurface representation was st to achieve noise free
representation a8 an edimated protein dendty o 1.3
g cnt.

The nodd (Fig.4) shows that , within the unit cdl
o 15.4 nm lattice congant , there are two sstsof protruc
ing trimers on each lattice face. Because the 2-D crysad
o LHG is gahilized by protein-protein interactions, it
is reaonable to assume that the 6 prominent surface pro-
trusons corregpond to the 6 nornomers. Thus, cucumber
LHG  oonplex oondgsaof 6 noromers, which are aso-
ciated with ring shape. In one unit cdl , each asymmetric
unit contains a dimer. The adjacent noromers in the op-
podte orientations form latera contacts in the hydrophobic
interior of the membrane. These trimer and dimer interac-
tions build up the 9x member ring. In Hg. 4, the thick-
nessof conplex is 7 nm, which is cond gent with that of
the peaLHG  reported as 7.5 nm!®!,

It was found that LHG  of inach or pea is a
trimer both in vivo and in detergent. Their 2-D crygds
have p321 symmetry!”!. As a result of their in-plane 2
fold axis, the crydals can only form if the detergent en
ables me of the conplexes to flip over in the membrane.
The detergent , therdfore, is very crucid for the cryda
formation. However , the cucumber crygta has p3 symme
try, and the adjacent noromers in the opposte orientar
tionsform a dimer. This arrangement of subunits has not
been observed in the natural membrane. This result sug
gedsthat , unlike the LHG o ginach or pea, the cu-
cumber LHG  in current detergent conditions could be
nmoromers.  The moromer could be recongituted from both
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Fig.2. An dectron micrograph of negetively gained 2-D crydd of LHG |, titled by 50° from cucumber.
Ll o

Fig.3. Projection mep of the negetively sained 2-D crydd of LHG  conplex , caculaed from the 2D crydd with p3 symmetry imposed.
Qorrelation average derived from individud motifs.
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Fig. 4.

Three-dmengond recondruction of L HG

from cucumber.

A B. Sde views; C. Top vien; D. Bottom view.
Reference:

ddes into the membrane and form two trimers in opposte
orientations while LHG s incubated to form 2-D crys
tds.

The interaction of lipids with LHG  has an dfect
on dructure and function of LHG It is known that
D@Gis ind gpensable for the cryda formation. The ob-
tained crydd is rdaively smdl ; it could result from the
loss of DA@Gto me extent in the course of idlation and
purification of LHG PG is amther phogholipid,
which is bdieved to involve in the trimer formetion. It is
carrying PGd LHG  noromer that leads to the trimer
formetion in the natura membrane. However , the trimer
can be reversbly disociated into moromer in the presence
o higher concentration of detergent , while PG could ill
interact with LHG ~ nmolecule. Snce the 3D nodd
shows the trimer , implying that PG should exis. Because
the noromers are recondituted from both sdes into the
membrane, the LHG  could be noromers in the olu-
tion due to the higher concentration of Triton X-100. The
trimer was formed with the help of PG while the crygad
was growing.
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