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(Meet photosystem 1, a plant protein that converts sunlight into energy during photosynthesis, in

all its crystalline glory.)

RGBT AT @AY BN Rd A AR
9 ﬁl

bhE S R (R M) R ARADT T PSS ST Bilh FET S

FHHT IS o FTF B S HTI PHE T SRS ] B RF

B? ST RS TS e A o d Y SR g T 0 2

FRF PP IEA > 5 B BT T ock s BEH RS B0
4



BT MEMMA T P (H)L 0388 3 Rk 2 2 fomp s
R ARR -

EOREPFARART IR ARL A AT 0 RGP TEY
FMTEPF e - BF CRRFRFRVEERT A DS A T
B ACEY > N EY ARG F BRSO B LR (BB

";
».
b

-

"
=

e A

Bz XF BchTF B

¥ B ATPase---#-3 3+ k& £ % 5 ATP

FlakHEfel+ Bl g FESRPJ FRADH DRt A2 4y~
kR A SRR L3S T T R Aol I KRR RS F
— KRR FoREavk R G AR % il o - LW PR kT o § A
e fFT o SR e AL RS FEERP ORI ERL T AR
RodgHdd FRARDEN v B E > T EREFEREN DHATP £ 35

5



Bk R A RN 0 V58 ATP & % ¢ ADP frm 8RR Pi & & ATP > 1t
O R Tar TREC TIEET R R R M NTE N P
A ATP ™ 40 g5 Rk o (k)

%78 i EA3F—ATP 2 NADPH

ATP sheiife BT piafe 2 B & BdElg & 0 - B ATP &5 B 5 4 BEER TN
THRE O A i R SR ADP se B R T R R E A ATP A 3 o
“EgE2 (LB )y ATP kR o jeR 3 48R en ADP fogkic - 1§35 7.3
Fhei R o R LT K Y 0 LR EEET AATP A P o e
FRUF ¥ F i eng A F P 0 ATP 3§ k%5 ADP 2 Piffic &fediz o
BESMP > RF Y T Bifsaah il - BHIONADP € FIFF 2 5B
F = NADPH - g?f?ﬁﬁvﬁ@: B EERRHSLEE > T UREREHZ e (R
Bl ) 2% NADP':& & 5 NADPH 5% 5 s & = : NADP +2¢ + H' —
NADPH > ks £+ A F P T2 €p B> 507 @Y - BT Fad ko
il ¥ F st ¢ B 5 NADP' +2e +2H" > NADPH+H" - (£})

NH,
N. _Cs
- o -3 N
% o
0-—P~O-P~O-P—O—CH, NTN7
A BRIZIS
3
et ! "
OH OH
1iE

e A4+ ATP



OH (i) OH
o:ﬁ:- o o= IT"—O_
o o
NADP NADPH

it £ 4 + NADPH

¥R RKERQBERE

FEEIED] ATP ch3 i B4 ST A ¢ B N B B2 F AR A R &
CE G A AT ST Bt B A SR A Bt e
i B ?Ei&ft BRERGF - B ATP A3 gt g G744 > 224
H_ADP 2 gipettinp d A(2 A4 - BRF) BRI T A- BF LR
Yo B (P f)enF o e A B kY B 8B Ak BFREF B B A YD
gREBERATEGAKEF o B i Bk S SNSRI TS & hi B o
A g PR ATP KRR s Fien £k B aRE T F e ATP K
fReni B L EHE Renb B R iz £ ¢ BERE Y SRERS DR
oo TAAME PR LRSI - F R (LB )

W= ATP er¥rgd @i F R dokip? &



5 TR
1 FPERBIF--FY R F2 KT RERFIE2 228

2 AR REH LTS - v —P T ol
3. LAV R T

4, HAPFH— B T#

5. pAFEEFE-EY T hET

6. http://hyperphysics.phy-astr.gsu.edu/hbase/biology

7. http:// hpc.unm.edu

W3 ki

®- ﬁ%%%?%?ﬂ%

Bl= http://prism.gatech.edu = F5 £ & F 4
http://hyperphysics.phy-astr.gsu.edu/hbase/biology (X2)

Bl = http://npc.unm.edu  http://hyperphysics.phy-astr.gsu.edu (X4)
http://newscientist.com

Blz B E~ i hitp://student.ccocmd.edu

B~ EE I

Bl- i p http://www.bio.davidson.edu/courses/Bio111/NADPH.html

B E % > fu

B R
1.<Antenna Complexes for Photosynthesis >

The capture of light energy for photosynthesis is enhanced by networks of pigments
in the chloroplasts arranged in aggregates on the thylakoids. These aggregates are
called antennae complexes. Evidence for this kind of picture came from research by
Robert Emerson and William Arnold in 1932 when they measured the oxygen
released in response to extremely bright flashes of light. They found that some 2500
molecules of chlorophyll was required to produce_one molecule of oxygen, and that a
minimum of eight photons of light must be absorbed in the process.

The model that emerges is that of some 300 chlorophyll molecules and 40 or so beta
carotenes and other accessory pigments acting as a light harvesting antenna
surrounding one chlorophyll a molecule that is a part of an action center. A photon is
absorbed by one of the pigment molecules and transfers that energy by

successive flourescence events to neighboring molecules until it reaches the action
center where the energy is used to transfer an energetic electron to an electron
acceptor.( hyperphysics.phy-astr.gsu.edu/hbase/biology)
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2.<Photosystem I1>

Photosynthesis is a major biological energy source for life on the earth. The
process of photosynthesis requires a variety of energy transducing protein complexes
that transport electrons and pump of protons, leading to the formation of ATP
(adenosine triphosphate) and NADPH (reduced nicotinamide adenine dinucleotide
phosphate). Photosystem 11 (PS I1) is one of these protein complexes and it has been
the focus of many studies. The complex traps light and uses it to reduce the Qg
plastoquinone and to synthesize molecular oxygen from water. At the core of PS Il is
a pair of chlorophyll a molecules (“the special pair'") known as P680. Upon absorption
of a photon, P680 is excited to P680*, which is rapidly transferred to a nearby
pheophytin within a few picoseconds. Within 200-400 ps, the plastoquinone, Qa
accepts the electron from the pheophytin and transfers it to the Qg plastoquinone in
200 ms. After two reductions by Qa, the Qg plastoquinone is converted into a
plastoquinol, which is replaced by another "new" plastoquinone. Prior to the second
reduction by Qa, the positive charge or "hole™ on P680" must be transferred to the
manganese cluster via a redox-active tyrosine, known as Yz, and used to oxidize
water to oxygen (O,). The oxidation of water involves 5 different oxidation states of
the Manganese cluster (Mn cluster), known as S-states, and requires the absorption of
four photons and the reduction of 2 Qg plastoquinones.( http:// hpc.unm.edu)

3.<Photosystem 1>

Photosystem I is the light energy complex for the cyclic electron transport process
used in some photosynthetic prokaryotes.

The protein complex that constitutes Photosystem | contains eleven polypeptides, six
of which are coded in the nucleus and five are coded in the chloroplast. The core of
Photosystem I contains about 40 molecules of chlorophyll a, several molecules of beta
carotene, lipids, four manganese, one iron, several calcium, several chlorine, two
molecules of plastoquinone, and two molecules of pheophytin, a colorless form of
chlorophyll a .(Moore, et al.) (http://hyperphysics.phy-astr.gsu.edu/hbase/biology)
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