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Phytochrome was isolated from etiolated rice seedlings ( O ryza sativa  L.) by slight modification 
of the procedure for oat phytochrome. Spectral data of rice phytochrome are comparable with 
those of oat and rye phytochrome. Controlled proteolysis with endoproteinases Lys-C and Glu-C 
yielded defined fragments some of which were different for Pr and Pfr. The fragments were 
identified by comparison with the corresponding fragments of oat phytochrome and by compari­
son of the amino acid sequences of rice and oat phytochrome. Regions of the peptide chain which 
are differently exposed in Pr and Pfr were identified. A highly conserved sequence around 
residues 740—750 is discussed as candidate for an “active center” of signal transduction.

Introduction

The photoreceptor phytochrome is widely distrib­
uted in the plant kingdom [1—5], Whereas physio­
logical effects have been determined in many plants, 
isolation of the chromoprotein has been performed 
only from a few plant species, e.g. oat, rye, pea and 
zucchini (review: [1]). Most investigations on the iso­
lated chromoprotein delt with phytochrome from 
etiolated oat seedlings which are a relatively rich 
source for phytochrome. Conformational changes of 
oat phytochrome due to photoconversion Pr Pfr 
have been demonstrated by several methods, e.g. by 
circular dichroism [6 , 7], by binding of monoclonal 
antibodies [8 ], and by differences in the fragment 
patterns after partial proteolysis of Pr and Pfr [9], By 
microsequencing of fragments, we were able to map 
exposed and interior regions of the peptide chain of 
native oat phytochrome in the Pr and Pfr forms [10,
11]. This approach is extended here to phytochrome 
from etiolated rice seedlings. The sequence of the 
rice phytochrome gene has recently been published 
[12, 13]. By comparison of our experimental data

Abbreviations: ED TA , ethylenediaminetetraacetic acid; 
HEPES, N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic 
acid; kDa, kilodalton; PAGE, polyacrylamide gel elec­
trophoresis; PMSF, phenylmethyisulfonylfluoride; Pr, Pfr, 
red, far red absorbing form of phytochrome; SDS, sodium 
dodecylsulfate.

* Permanent address: Institute of Botany, Academia Sini-
ca, Beijing, China.

Reprint requests to Prof. Dr. W. Rüdiger.

Verlag der Zeitschrift für Naturforschung. D-7400 Tübingen
0341-0382/89/0900-0757 $ 01.30/0

with the amino acid sequence derived from the pub­
lished nucleotide sequence, we were able to correlate 
the properties of rice phytochrome with its molecular 
structure.

Materials and Methods

Rice seeds (O ryza sativa subsp. japonica var. 
Nongken 58) were immersed in water and kept under 
moist conditions for one day at 32 °C. The imbibed 
seeds were then placed onto moist vermiculite and 
germinated in the dark for 5 days at 27 °C. Harvest­
ing of seedlings (about 1  kg fresh weight), extraction 
and isolation of phytochrome followed essentially 
the procedure of Grimm and Rüdiger [14] for phyto­
chrome from oat seedlings. This procedure implied 
extraction with ethylene glycol containing Tris-buf- 
fer, precipitation of contaminants with polyethyl- 
eneimine, precipitation of phytochrome with am­
monium sulfate, chromatography on a hydroxyapa- 
tite column, precipitation of the pooled phytochrome 
fractions with ammonium sulfate and washing with 
phosphate buffer. The following modifications were 
applied for rice phytochrome: Pre-irradiation of 
seedlings was omitted, the supernatant after poly- 
ethyleneimine precipitation was irradiated instead 
with red light for 10 min. The pH of the extraction 
buffer was 8.5 (instead of 8.3). The phytochrome 
pellet obtained by ammonium sulfate precipitation 
after hydroxyapatite chromatography was further 
purified by washing with 10 mM potassium phosphate 
buffer, pH  7.8 and then with 200 mM and finally with 
100 mM phosphate buffer, pH 7.8 (0.8 ml of each 
buffer per unit of phytochrome). The purification

This work has been digitalized and published in 2013 by Verlag Zeitschrift 
für Naturforschung in cooperation with the Max Planck Society for the 
Advancement of Science under a Creative Commons Attribution-NoDerivs 
3.0 Germany License.

On 01.01.2015 it is planned to change the License Conditions (the removal 
of the Creative Commons License condition “no derivative works”). This is 
to allow reuse in the area of future scientific usage.

Dieses Werk wurde im Jahr 2013 vom Verlag Zeitschrift für Naturforschung
in Zusammenarbeit mit der Max-Planck-Gesellschaft zur Förderung der
Wissenschaften e.V. digitalisiert und unter folgender Lizenz veröffentlicht:
Creative Commons Namensnennung-Keine Bearbeitung 3.0 Deutschland
Lizenz.

Zum 01.01.2015 ist eine Anpassung der Lizenzbedingungen (Entfall der 
Creative Commons Lizenzbedingung „Keine Bearbeitung“) beabsichtigt, 
um eine Nachnutzung auch im Rahmen zukünftiger wissenschaftlicher 
Nutzungsformen zu ermöglichen.



758 R. Schendel et al. ■ Partial Proteolysis of Rice Phytochrome: Comparison with Oat Phytochrome

with polyvinylpyrrolidone was omitted. The final 
pellet was dissolved in 2 m M  HEPES buffer contain­
ing 5 m M  EDTA. 14 m M  2-mercaptoethanol and 5% 
(v/v) glycerol.

Oat phytochrome was isolated from 3.5 day old 
etiolated oat seedlings (Avena sativa L., cv. Priol, 
Baywa, Munich, F .R .G .) as previously described
[14]. For digestion of phytochrome the following 
proteases were used: endoproteinase-Glu-C (from 
Staphylococcus aureus V 8 , 20 U x m g '1), endo- 
proteinase-Lys-C (from Lysobacter enzym ogenes, 
30 U x m g -1) and endoproteinase-Asp-N (from 
Pseudomonas fragi) purchased from Boehringer 
(Mannheim, F .R .G .). Phytochrome samples in 
either 2 m M  HEPES or 10 m M  phosphate buffer, pH 
7.8, containing 5 m M  ED TA , 14 m M  2-mercapto­
ethanol and 5% (v/v) glycerol were incubated with 
the first 2 proteinases (1% w/w) at 20 °C, with endo- 
proteinase-Asp-N (0.1% w/w) at 4 °C without ED TA  
in the dark for the indicated time. The digestion was 
stopped by addition of sample buffer and heating for 
5 min at 95 °C. The sample buffer contained 65 m M  

Tris, pH 6 .8 , 5% v/v 2-mercaptoethanol, 2% (w/v) 
SDS. 15% (v/v) glycerol, 0.5% (w/v) bromophenol- 
blue and 4 m M  PMSF. SDS-PAGE was carried out 
according to Laemmli, 1970 [15]. Discontinuous non­
denaturing gel electrophoresis and isoelectric focus­
ing in agarose gels was performed as previously de­
scribed [16]. Phytochrome spectra were recorded 
with a Hewlett Packard HP 8451 diode array spectro­
photometer.

Results and Discussion

Phytochrome of etiolated rice seedlings behaves 
similarly as phytochrome of etiolated oat seedlings 
with only some exemptions which have to be taken 
into account for isolation of the protein. We found 
that more phytochrome can be extracted from etiol­
ated rice seedlings without preirradiation than from 
preirradiated seedlings. We did not yet check 
whether phytochrome undergoes a very rapid de­
struction in rice seedlings. It could as well be that the 
Pfr form becomes bound to membranes or other cel­
lular structures and can therefore not be extracted as 
easily as the Pr form. The Pr and Pfr forms behave 
somewhat differently during chromatography on hy- 
droxyapatite. In order to have comparable condi­
tions for oat and rice phytochrome on the hydroxy- 
apatite column, we transformed the Pr form of rice 
phytochrome into the Pfr form in the crude extract

after polyethyleneimine precipitation of contami­
nants.

The absorption spectrum of isolated rice phyto­
chrome is shown in Fig. 1. According to the absorp­
tion ratio v4664M 280 (rice phytochrome: 0.5; oat phy­
tochrome: 0.8—0.9), we have to assume that the rice 
preparation contains still some contaminating pro­
teins. However, only traces of other protein bands 
are detectable on SDS PAGE of rice phytochrome 
(see Fig. 2). The spectral data, summarized in Ta­
ble I, are comparable with those of oat and rye phy­
tochrome [17]. A blue shift of 2—4 nm is generally 
observed for rice phytochrome. This is not due to 
partial proteolysis as deduced from the ratios A (Pfr) 
•̂max/̂ red shoulder and /I(Pfr) A.max (Table I) and from 

SDS PAGE.
Rice phytochrome migrates in SDS PAGE (see 

Fig. 2) as a single, homogeneous band of the appar­
ent size of 120 kDa. It looks therefore somewhat 
smaller than oat phytochrome which has an apparent 
size of 124 kDa (Fig. 2). This is surprising because 
both proteins contain about the same number of 
amino acid residues (rice: 1128; oat 1129) and about 
the same calculated molecular weight (rice: 
125287 Da; oat 124987 Da, all values without tet- 
rapyrrole chromophore). The same discrepancy has 
been found for zucchini phytochrome in SDS PAGE 
which migrates as 120 kDa band [18]: from the 
amino acid analysis, 124 950Da were calculated [19]. 
A possible explanation could be differential binding 
of SDS. This is not directly evident, however, from 
the amino acid composition or sequence. The hydro­
pathy plot (not shown) is nearly identical for rice and

Wavelength ( nm )

Fig. 1. Absorption spectra of purified rice phytochrome 
(A6M/A280 = 0.5) in 2 mM H EPES, pH 7.8, containing 
14 mM 2-m ercaptoethanol, 5 m M  EDTA and 5% (v/v) gly­
cerol. Spectra were recorded after saturating red (Pfr) or 
far-red (Pr) irradiations.
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Table I. Comparison of spectral data of phytochrome from various plants.

Absorption spectra Rice Oat Oat Oat Rye Zucchini
Ref. - this paper - [17] [17] [18]
Buffer A A B C C D

Pr > w  (red) 664 662 662 664 668 666 666
Pr Xm.dx (blue) 380 378 378 380 381 381 379
Pfr > w  (red) 728 728 728 730 730 734 730
Pfr (blue) 394 402 402 402 402 402 400
/ \  ( P t l") XmaxM red shoulder 1.38 1.5 1.5 1.45 1.33 1.46 1.47
A(Pfr) \ mJ A ( Pr) Xmax 0.58 0.6 0.6 0.63 0.56 0.581 0.59
^ ( P r) ^max/^(Pr)280 0.5 0.81 0.86 0.8 0 .9 -1 .0 1.0-1 .1 0.18

Buffers: A = 2 m M  H EPES, pH 7.8; 5 m M  ED TA , 14 m M  2-mercaptoethanol, 5%  (v/v) glycerol.
B = 10 m M  phosphate buffer, pH 7.8, 5 m M  EDTA , 14 m M  2-mercaptoethanol, 5%  (v/v) glycerol. 
C = 50 mM N-methylmorpholine acetate buffer, pH 7.8
D = 100 m M  phosphate buffer, pH 7.8, 1 m M  EDTA , 14 m M  2-mercaptoethanol.

oat phytochrome; oat phytochrome contains only 5 
more hydrophobic and 4 less hydrophilic amino acids 
than rice phytochrome. This consideration does not 
take into account any secondary modification of phy­
tochrome. It should be recalled here, that oat phy­
tochrome contains one phosphate risidue per peptide

A B C

■M|

*

*

Fig. 2. SDS gel electrophoresis of rice and oat phyto­
chrome. Gels containing 9% acrylamide were prepared ac­
cording to Laemmli [15] and stained with Coomassie Blue 
R. Lane A: molecular weight m arkers, from above: 205, 
116, 97, 66, 45, 36 kDa. Lane B: phytochrome from rice. 
Lane C: phytochrome from oat.

chain [2 0 ] whereas previously reported carbohydrate 
content is doubtful [21]. No corresponding data are 
available for rice phytochrome at the moment. If 
there were a difference between oat and rice phyto­
chrome, this should reside in the C-terminal part of 
the peptide chain because the N-terminal fragments 
of both proteins correspond to each other.

For proteolytic fragmentation of rice phytochrome 
we chose 2  enzymes which had been shown to pro­
duce distinctly different patterns with the Pr and Pfr 
forms of oat phytochrome, namely endoproteinase- 
Lys-C and endoproteinase-Glu-C. The comparison 
of rice and oat phytochrome was essential for these 
experiments because mapping of cleavage sites by 
microsequencing was performed only with oat phyto­
chrome. Since about 90% of the amino acid se­
quence are identical (see Fig. 3) and the hydropathy 
plot (not shown) nearly superimposible, we assume 
that the same preferred cleavage sites exist in both 
phytochromes presumed that suitable amino acid re­
sidues are in the same positions. If the corresponding 
fragments of rice phytochrome have not the same 
size as those of oat phytochrome we looked for suit­
able amino acid residues in different positions pre­
dicted by the size of the fragments. The results are 
shown in Fig. 3 and 4 and — together with its evalua­
tion — in Table II.

Several fragments in the digest obtained with en- 
doproteinase Lys-C show identical sizes for oat and 
rice phytochrome. This is true for the Pfr specific 81 
and 64 kDa fragments. The size of the former frag­
ment had previously been determined as 83 kDa and 
the most probable cleavage site as K-753 [11]. Ac­
cording to the size of 81 kDa, the residue K-744 is a
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♦
M SSSRPTQCSSSSSRTRQSSRARILAQTTLDAELNAEYEEYGDSFDYSKLVEAQRTTGPE
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MSSSRPA— SSSSSRNRQSSQARVLAQTTLDAELNAEYEESGDSFDYSKLVEAQRDGPPV 
10  20  30  4 0  A 50

♦
QQARSEKVIAYLHHIQRAKLIQPFGCLLALDEKTFNVIALSENAPEMLTTVSHAVPSVDD
QQGRSEKVIAYLQHIQKGKLIQTFGCLLALDEKSFNVIAFSENAPEMLTTVSHAVPSVDD 

60  A 70  80  90  1 0 0  1 1 0

f  ♦ ( I )PPKLRIGTNVRSLFTDPGTTALQKALGFADVSLLNPILVQCKTSGKPFYAIVHRATGCLV
PPRLGIGTNVRSLFSDQGATALHKALGFADVSLLNPILVQCKTSGKPFYAIVHRATGCLV 

1 2 0  1 3 0  1 4 0  1 5 0  1 6 0  1 7 0

I ♦VDFEPVKPTEFPATAAGALQSYKLAAKAISKIQSLPGGSMEVLCNTWKELFDLTGYDRV
VDFEPVKPTEFPATAAGALQSYKLAAKAISKiQSLPGGSMEVLCNTVVKEVFDLTGYDRV

1 8 0  1 9 0  2 0 0  2 1 0  2 2 0  2 3 0

I
MAYKFHEDDHGEVFAEITKPGLEPYLGLHYPATDIPQAARFLFMKNKVRMICDCRARSIK
MAYKFHEDDHGEVFSEITKPGLEPYLGLHYPATDIPQAARLLFMKNKVRMicDCRARsiK 

2 4 0  2 5 0  2 6 0  2 7 0  2 8 0  2 9 0

IIEDESLHLDISLCGSTLRAPHSCHLQYMENMNSIASLVMAVWNENEDDDEVGADQPAQ
VIEAEALPFDISLCGSALRAPHSCHLQYNENMNSIASLVMAVVVNENEEDDEAESEQPAQ 

3 0 0  3 1 0  3 2 0  3 3 0  3 4 0  350A A

♦ (ff1
QQKRKKLWGLLVCHHESPRYVPFPLRYACEFLAQVFAVHVNKEFELERQVREKSILRMQT
QQKKKKLWGLLVCHHESPRYVPFPLRYACEFLAQVFAVHVMREFELEKQLREKNILKMQT 

3 6 0  3 7 0  3 8 0  3 9 0  4 0 0  4 1 0  A

(♦) f
MLSDMLLRESSPLSIVSGTPNIMDLVKCDGAALLYGGKVWRLQNAPTESQIRDIAFWLSD
MLSDMLFREASPLTIVSGTPNINDLVKCDGAALLYGGKWRLRNAPTESQiHDiAFWLSD 

4 2 0  4 3 0  4 4 0  4 5 0  4 6 0  4 7 0

VHRDSTGLSTDSLHDAGYPGAAALGDMICGMAVAKINSKDILFWFRSHTAAEIRWGGAKH
VHRDSTGLSTDSLHDAGYPGAAALGDMICGMAVAKiNSKDiLFWFRSHTAAEIRWGGAKN 

4 8 0  4 9 0  5 0 0  5 1 0  5 2 0  5 3 0

♦DPSDKDDSRRMHPRLSFKAFLEWKMKSLPWNDYEMDAIHSLQLILRGTLNDDIKPTRAA
DPSDMDDSRRMHPRLSFKAFLEWKMKSLPWSDYEMDAIHSLQLILRGTLNDASKPKREA 

5 4 0  5 5 0  5 6 0  5 7 0  5 8 0  5 9 0



♦SLDNQVGDLKLDGLAELQAVTSEMVRLMETATVPILAVDSNGLVNGWNQKVAELTGLRVD
SLDNQIGDLKLDGLAFLQAVTS EMVRLMETATVPILAVDGNGLVNGWNQKAAELTGLRVD 

6 0 0  6 1 0  6 2 0  6 3 0  6 4 0  6 5 0

♦ ♦EAIGRHILTWEESSVPWQRMLYLALQGKEEKEVKFEVKTHGSKRDDGPVILWNACAS
DAIGRHILTLVEDSSVPVVQRMLYLALQGKEEKEVRFEVKTHGPKRDDGPVILVVNACAS 

6 6 0  6 7 0  6 8 0  6 9 0  A 7 0 0  A 7 1 0

I (♦) f *RDLHDHWGVCFVAQDMTVHKLVMDKFTRVEGDYKAIIHNPSPLIPPIFGADEFGWCSEW
r d l h d h w g v c f v a q d m t v h k l v m d k f t r v e g d y k Ä Ü h n p n p l i p p i f g Äd e f g w c s e w

7 2 0  7 3 0  7 4 0  ^  7 5 ° ( 4 )  ? 6 °  7 ? °

NAAMTKLTGWHRDEVINKMLLGEVFDSTNASCLVKNKDAFVSLCILINSALAGDETEKAP
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NAAMTKLTGWNRDEVLDKMLLGEVFDSSNASCPLKNRDAFVSLCVLINSALAGEETEKAP 
7 8 0  7 9 0  8 0 0  8 1 0  8 2 0  8 3 0

FSFFDRNGKYIECLLSVNRKVNADGVITGVFCFIQVPSHELQHALHVQQASQQNALTKLK
FGFFDRSGKYiECLLSANRKENEGGLITGVFCFiHVASHELQHALQVQQASEQTSLKRLK 

8 4 0  8 5 0  8 6 0  8 7 0  8 8 0  8 9 0

AYSYMRHAINNPLSGMLYSRKALKNTGLNEEQMKEVNVADSCHRQLNKILSDLDQDSVMN
AFSYMRHAINNPLSGMLYSRKALKNTDLNEEQMKQIHVGDNCHHQINKILADLDQDSITE 

9 0 0  9 1 0  9 2 0  9 3 0  9 4 0  9 5 0

KSSCLDLEMVEFVLQDVFVAAVSQVLITCQGKGIRVSCNLPERYMKQTVYGDGVRLQQIL
KSSCLDLEMAEFLLQDVWAAVSQVLITCQGKGIRISCNLPERFMKQSVYGDGVRLQQIL 

9 6 0  9 7 0  9 8 0  9 9 0  1 0 0 0  1 0 1 0

SDFLFVSVKFSPVGGSVEISCSLTKNSIGENLHLIDLELRIKHQGKGVPADLLSQMYEDD
SDFLFISVKFSPVGGSVEISSKLTKNSIGENLHLIDLELRIKHQGLGVPAELMAQMFEED 

1 0 2 0  1 0 3 0  1 0 4 0  1 0 5 0  1 0 6 0  1 0 7 0

NKEQSDEGMSLAVSRNLLRLMNGDVRHMREAGMSTFILSVELASAPAK
NKEQSEEGLSLLVSRNLLRLMNGDVRHLREAGVSTFIITAELASAPTAMGQ 

1 0 8 0  1 0 9 0  1 1 0 0  1 1 1 0  1 1 2 0

Fig. 3. Alignment of peptide sequences of rice phytochrome [12] (upper lanes) and oat phytochrome [22] (lower lanes). 
The rice phytochrome sequence was translated from the published nucleotide sequence [12] with the SPLICE program. 
Identical amino acid residues (997 out of 1129) are m arked by double points. Enzymatic cleavage sites discussed in this 
paper are indicated by arrows. Less probable cleavage sites are indicated by arrows in brackets.
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more probable candidate for the C-terminus of the 
fragment. Both K residues, K-744 and K-753, are 
present in both phytochromes. The 64 kDa fragment 
has not yet been investigated by microsequencing. If 
the Pfr specific cleavage site at K-744/K-753 is taken 
as C-terminus, the most probable other cleavage site 
would be at either K-160 or K-164 leading to either 
T-161 or P-165 as N-terminus of the fragment. P-165 
is less likely because the bond K-P is not easily 
cleaved. Identical sizes are also found for the Pr 
specific 72 kDa fragment and the 70 kDa fragment 
which is formed from both phytochrome formes. The 
K residues before L-48 and V - 6 6  and at positions 698 
and 703, calculated as cleavage sites in oat phyto­
chrome [1 1 ], are present in rice as well as in oat phy­
tochrome.

Fig. 4. Enzymatic digestion of rice and oat phytochrome. 
SDS PA G E  was performed with 10% acrylamide; the gel 
was silver stained. Lanes A —D: digestion with endopro- 
teinase-Lys-C for 72 h. lanes F —I: digestion with endopro- 
teinase-Glu-C for 27 h. A: oat, Pr; B: oat, Pfr; C: rice, Pr; 
D: rice, Pfr; E: molecular weight markers (see Fig. 2); F: 
oat, Pr; G: oat, Pfr; H: rice, Pr: I: rice, Pfr.

Table II. Comparison of proteolytic fragments from rice and oat phyto­
chrome.

Mr determined by SDS PA GE 
Rice Oat O at 
[kDa] [kDa] Sequence

Rice
Probable sequence

Endoproteinase Lys-C
81a 81ab N-terminus to K-753 

or K-744
identical

72c 72c L-48 to K-698/K-703 identical
70 70 V-66 to K-698/K-703 identical
64a 64ad n. d. eventually 

T-161/P-165 to K-744/753
identical

58 58 V-66 to K-593/K-595 -  to K-593
38 39 V-66 to K-415 -  to K-400/411
22 23 1-210 to K-415 -  to K-400/411

Endoproteinase Glu-C
66a 64a N-terminus to E-597 -  to E-614
62c 60c A-51 to E-597 — to E-614
61 58 K-65 to E-597 -  to E-614

4 P N-terminus to E-352/E-354 —

a Only or preferably for the Pfr form. 
b Formerly determined as 83 kDa [11]. 
c Only for the Pr form. 
d Formerly determined as 66 kDa [11].
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The 58 kDa fragment formed from both Pr and Pfr 
has been described for oat phytochrome extending 
from V - 6 6  to either K-593 or K-595 [11]. Since rice 
phytochrome does not contain K-595, this fragment 
must end at K-593 in this case. Instead of the 39 kDa 
and 23.5 kDa fragments derived from oat phyto­
chrome, somewhat smaller fragments sized 38 kDa 
and 22 kDa are found with rice phytochrome. Since 
the most probable C-terminus of the oat phyto­
chrome fragments, K-415, is exchanged by R in rice 
phytochrome, the next K residues have to be consid­
ered as cleavage sites in rice phytochrome. The best 
candidate is K-400; this would lead to fragments of 
smaller size than in oat phytochrome as observed. 
Oat phytochrome is not cleaved here by endopro- 
teinase-Lys-C because it contains an R-400 residue 
instead. K-411 is a less probably candidate because it 
is present in oat and rice phytochrome; fragments 
terminated at K-411 could probably not be distin­
guished from those terminated at K-415 on SDS 
PAGE.

A general conclusion from these results is that 
either residue-415 is exposed in oat phytochrome and 
residue-400 in rice phytochrome or — more likely — 
both sites are exposed in both phytochromes. It is 
not yet clear, however, whether residue 411 is hidden 
in the interior of the peptide chain or whether it is 
not cleaved for another reason.

More differences between oat and rice phyto­
chrome are found after digestion with endoprotein- 
ase-Glu-C. Several fragments are about 2 kDa larger 
in size with rice phytochrome than with oat phyto­
chrome. The C-terminus for these fragments of oat 
phytochrome, namely the 64, 60 and 58 kDa frag­
ment, has been determined as E-597 [11], This re­
sidue is substituted in rice phytochrome by A-597 
and is therefore no cleavage site for endoproteinase- 
Glu-C. On the other hand, a glutamic acid residue, 
E-614, is present in rice phytochrome instead of F- 
614 in oat phytochrome (see Fig. 3). This should lead 
to larger fragments by about 2 kDa after cleavage 
with endoproteinase-Glu-C in accordance with the 
experimental results. We assume therefore that the 
C-terminus of these fragments in rice phytochrome is 
E-614 (see Table II). No corresponding fragment 
exists in rice phytochrome for the Pfr-specific 41 kDa 
fragment of oat phytochrome. This fragment con­
tains the blocked N-terminus of oat phytochrome 
and ends at either E-352 or E-354. Both of these 
residues are substituted in rice phytochrome, namely

by G-352 and D-354. Control incubation with endo- 
proteinase-Asp-N did not yield this fragment from 
rice phytochrome. The residue which is highly ex­
posed in the Pfr form is therefore probably rather 
E-352 than E-354 in oat phytochrome.

The acid cluster of residues 344 to 350, ENEDD- 
DE, is probably exposed in the Pfr form also in rice 
phytochrome. We can at least demonstrate by elec­
trophoresis and isoelectric focusing, that the Pfr form 
of rice phytochrome carries more negative charges 
on the surface than the Pr form (Fig. 5 and 6 ). The 
same observation with oat phytochrome has been 
used as argument for preferential exposure of the 
same region, EN EED D E, in the Pfr form of oat phy­
tochrome [16]. It is not yet clear why no cleavage 
occurs in this region with endoproteinase-Glu-C. E n­
zymatic cleavage at clusters of charged amino acids 
seems to be unfavorable anyhow [23], The isoelectric 
points of “native” rice phytochrome are about the 
same as those of “native” oat phytochrome in the 
corresponding forms, Pr and Pfr (see Fig. 6 ).

In summary, all results are in accordance with the 
assumption of the same or very similar native confor­
mation of oat and rice phytochrome. Conformational 
changes during photoconversion of oat and rice phy­
tochrome include the N-terminal 70 amino acid re-

A B C D

■ *  *• «V9P* « M

H  I- j

Fig. 5. Non-denaturing PA G E of oat and rice phytochrome 
on a 4% acrylamide gel, silver stained. Lane A: oat, Pr; B: 
oat, Pfr; C: rice, Pr; D: rice, Pfr. The Pfr form of phyto­
chrome from both plants shows faster migration at pH 8.8 
than the Pr form. Lower bands are presumably dimers, 
upper bands are higher aggregates of phytochrome.
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A B C D

Fig. 6. Isoelectric focusing of rice and oat phytochrome 
according to [16]. Lane A: rice, Pfr; B: rice, Pr; C: oat, Pfr; 
D: oat, Pr.

sidues which are exposed in the Pr form, an “acid” 
cluster around residues 340—350 and another region 
around residues 740—750 which are both exposed in 
the Pfr form. Of all the highly conserved partial se­
quences of phytochrome from different plants, those 
which are differently exposed in Pr and Pfr are the 
best candidates for “active centers” of signal trans­
duction. The region around residue 744 meets this 
requirement. More sequence variations are found in 
the other regions mentioned above (see Fig. 3 and
[19]). It remains to be shown whether the sequence 
around residues 740 to 750 is responsible for physio­
logical activity of the Pfr form.
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