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Abstract

The phyoobiliomes were iolated from blue-green aga Spirulina platenss, and could form

norolayer film a air/water interface. The norolayer film of phyoobili omes was tranderred to neMy cleaved
mica, and ooated with gold. Scanning tunnding microsoope was used to invedigate the dructure of the
Langmuir-Blodggett film of phycobilisomes. It was shown that phyoobiliomes in the morolayer arrayed in rows
with core ataching on the subgrate surface and rods radiating towards the air phase, this phenomenon was
dmilar to the arrangement of phyoobiliomes on cytoplasmic suface of thylakoid membrane in vivo. The
possible goplications of the Langmuir-Blodgett film of phyoobiliomes were d 9 discussed.
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The phyoobilisomes (FBS) are the photosynthetic
light-harveding complexes in blue-green algee and red
dgee’ . They have been exhaudively sudied with
biochemical , biophysca , and dectron microsoope
methods, egecidly those from bluegreen algae'® .
Phyoobiliomes are cnposed o sverd kinds of
phyoohiliproteins and oolorless polypeptides  which
aseembled in ecific corfiguration for optimized energy
trander to downsream photosynthetic conplexes’® .
Acoording to  their  gectrosiopic  properties,
phyoohiliproteins are divided into phycoerythrin ( PE) ,
phycoerythrocyanin ( PEC) , phycocyanin ( PC) and
alophyoocyanin (APC) . Because of their physcad and
ectrosopic  properties,  phyoohiliproteins are widdy
used as labeling reagents for a variety of fluorescence
detection gpplications, including flow cytometry , and are
attractive as one of the nog promisng nolecules for
biodectronics '°**The photosyrthetic light harvesting
pigment conplexes in green dgae and higher plants were
located in thylakoid membrane, othewise, the FBS is
arranged in rows on thylakoid suface with the core
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atached to the membrane surface'® .

In our previous work, it was sown that the
phyoobilisome in Spirulina platensis is composed of APC
and CG-phyoocyanin (GPC). G PC is assamdled into the
rod of the phyoohiliome, and APC is sacked in the core
o the phyoobilisome. The rods radiated from the core to
different directions, and the APC rich phyoobiliome core
i's then attached to the photosynthetic membrane , alowing
the dficient light energy trander to photosynthetic sysem
Il (PSIN) ™. The three dimensona sructure of the G PC
was observed with STM™! . We has d found thet the
waer-oluble RPE ocould sHf-assembly into rodlike
dructures when absorbed on the surface of HOPG, and
oould form two-dimendona Langmuir-Blodgett film at the
air/water interface , its sructure was observed by STM™ .
Facci e a . gudied the sructure of norolayer of
reaction center of photosynthetic bacterium and its
property of light-electricity converdon with STM. But to
date , there was o report on the ability of phyoobili omes
to form two-dimengonad film by LB technique.

In this pgper , it wasfound that phyoobiliomes could
form two-dimenson Langmuir-Blodgett film a the air-
weter interface.

1 Materials and Methods
1.1 Isolation of phycobilisomes
The phyoobilisomes were ilated from blue-green
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adga Spirdlina platensis according to the procedure of
Gantt and Lipschultz” with @me nodifications. The
fluorescence property at 77 K showed that the islated
FBSwas intact.
1.2 Preparation of LBfilm

The norolayer of PBS was prepared on Sxing film
deposition sysem (Jilin Univerdty , China) with a surface
areaof goproximete 648 cn. Deionized ddH,O (pH 5.
6) was used as the subphase. TT-A curve measurement
was carried out by spreading a 2 % etharol water ol ution
oontaining about 0.4 g/L ABSonto the subphase surface,
and ethamol solvent was allowed to evgporate for 15 min
before conpressng the norolayer a a rate of 0.5 cnf/s.
Suface pressure was measured with Wilhemy plate.
Morolayer was conpresed to a suface pressure of 15
mN/m, and was dlowed to dahbilize for at leag 40 min
before dipping down the mica matrix. The mica was a
auitable subgrate for tranderring FBS norolayer because
it has a negatively charged surface , which was amilar to
the thylakoid membrane suface. The lifting peedswere 5
mm/min upward and 15 mm/min dowrward. The trander
ratio for ABS in the upward collection was gpproximetely
0. 85, and o depogtion took place during downward
notion. In order to enhance the dectroconductivity of the
film, the mica matrix onto which FBS norolayer was
depodted was coated with gold and the thickness of gold
film should be controlled as thinner as possble © as to
minimize its inteference. However , a ocontinuous gold
layer sould mearwhile be formed to have good
electroconductivity. In order to obtain good STM images,
only one layer of FBS norolayer was tranderred onto the
mica metrix.
1.3 STM experiments

STM experiments were carried out in ambient
envionment with a CSIM-9100 STM  machine

(manufactured by Ingitute of Chemigry, the Chinese
Academy o Sciences) . STM measurement was performed
“With normacondat _current node, usng tungsen tips
made by eectrochemicd etching. All STM images were
preented from rav data without any shoothing and
filtering.

2 Realts

Fg. 1l isthe 77 Kflurescence ectrumadf FBSfrom
Spirulina platensis excited a 580 nm. The mgor emision
peak was a 685 nm, typica of intact FBS, and another
minor maximum a 623 nm. FBS showed F685 excitation
mexima a 617 nm and 650 nm, which were the
absorption maxima of G PC and APC, reectively. Fom
Fg.1, it could d 9 be deduced that C PC was the mgjor
urce of F685. These reaults indicated that the isolated
PBSfrom Spirulina platensis was intact.

-, F685 — ,Ex580

Fluorescence

Iy,

]
500 600 700 800

Wavelength (nm)

Fig.1 Huoresence spectra o phycobilisomes isdlated from
Spirulina platensis at 77 K

MBS is a water-oluble phyoobiliprotein cormplex.
But usudly its pure aqueous ol ution was ot sati factory
for goreading in the preparation of LB film. Thus, it was
crucid to find a suitable Preading solvent , in which this
water- 0luble cormpound could pread to form morolayer ,
but ot denature in the meantime. Results showed when
PBSwas disolved in 2% (V/V) etharol water olution
it can keep intact, and the proteins will not denature
(data ot shown) .

Fg. 2 was the surface pressure-area i otherm at room
temperature of FBS norolayer a the air/water interface.
Fom Hg. 2, it could be resulted that FBS could form
morolayer when they were disolved in 2 % etharol fwater
reading olution. Usudly , water- oluble nolecule are
apt to be deworbed from air/water intefface to subphase
(water) , © the nmorolayer of these conpounds was ot
dahilized. Snce the interfacid concentration of FBS used
in our experiment wasfar less than the limiting inteffacia
concentration of proteins, the deomtion can be
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Fig. 2 Surface pressurearea isotherm o  phycobilisome
monodayer at the air/water interface

The quantities of phyoohiliomes deposted were 32U g. The subphase was
conmposed of deionized ddH,O (pH 5.6) . All measurements were carried out
a room temperaure.
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negected. The change in the area of FBS norolayer at
the air/water interface with time a oongant surface
pressure of 15 mN/m was presented in FHg. 3. Fom the
illugration, it can be found that the area of FBS
nmorolayer a the air/water inteface hardy changed within
3 h dter 15 min pog-preparation , indicating that the
norolayer of FBSwas very gable once the norolayer was
formed at the air/water interface.
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Fig.3 Changes in areas d phycobilisome mondayer with time

One MBS norolayer was tranderred onto the nemMy
cleaved mica, ocoated with gold and its dructure was
observed by STM. The STM images of PBS LB film were
gown in Hg. 4. It was sown that the phyoohiliomes
arranged orderly in the LB film , nog FBS arrayed in rows
[Fig.4(A) , shown dong the line]. Snde MBS could be
diginguished, with the core of PBS atached to mica
suface, and rods of FBS radiated towards the air phase
[Fg. 4 (B) , sown by the arrows], which was in
agreement with its arrangement on thylakoid membrane
suface in vivo. No obvious defect was observed in the
scanning area of 830 nm x 830 nm. These reaults showed
that intact ABS had good ahility to form two- dimensiond
film, and the film could eadly be tranderred onto mica
metrix.

3 Discusson

Due to their gahility , high fluorescence yield , large
dokes' shifts between abmption and emisson’” , the
phyoobiliproteins are widely used as labeling reagents for
a variety of fluorescence detection gpplications, including
flov  cyometry™.  Recently, the  sabilized
phyoobiliomes were used as fluorochromes for the
detection , which had far greater fl uorescence intendty per
bindng eent than a dnge phycohiliprotein
nolecue™™®. Chronakis et a.!" reported that the
protel n-pigment conplexes i olated from the phyoobili ome
o Spirdina platensis are quite cgpable of forming
Langmuir-Blodgett films. The protein layer oreading at
the air/aqueous interface d

Fig.4 STM image of phycobilisome mondayer
(A) Scan area: 830 nm x 830 nm. (B) Scan area: 460 nm x 260 nm.
1:=0.60 nA; Vi =510 mv.

has a higher oollgpse pressure than the comnon food
proteins. We d% found that the R-phycoerythrin from
marine red aga Poysiphonia urcedlata can be eadly
prepared for two-dimengond film with Langmui r-Blodgett
technique'™ . In this paper , it was found that FBS could
a o form two-dimengona Langmuir-Blodgett film at the
ar/water interface. With gecia property of photophysics
and photochemigry , phyoohiliproteins and phyoohili omes
might be acted as a kind of usfu materids for
cryddlization eectronics and hbiodectronics research.
Moreover, STM could be used to sudy the property of
light-electricity converdson and to manipulate the
nolecules or conplexes in the Langmuir-Blodgett filmwith
SM tip™*® . On the base of this ressarch, the
Langmui r-Blodgett films of phyoobili somes might finaly be
used as functiona organic biologca materias for data
dorage and nolecular switch.
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