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Figure. 2. The hypothetical scheme for the
mode of action of phytochrome. For slow
responses of plants involving gene activa-
tion, the Pfr interacts with the nuclear
envelope receptor. For fast responses, the
Pfr form interacts with the plasma mem-
brane affecting its K* and/or Ca?* ion
fluxes.

P :PROMOTOR
O:OPERATOR

(transcription) & & A3l A AEY A4 o &
sholl Hagh T4 A4-E FATE Inigd (2
2). 28y AARAA 3t phytochromes] =
= 0} 2 A “1419] $A 012k E-& mitochondria W
%4y DNAs} HgsltAE 9%oz o}

»1\'/}.

olelar Alzvle] Auwm
munication) & FAE + g sE5g 2dE w
A g ZFe(2d 2 #=2).

A, Pfro] & A z=2& E3ld chromatiniﬂr

A4 dsgozd FALAE YA AE By
o gt 2 o] Eo] £477] wmfPr
o] 4] Pfrz o] s34 gt (phototransformation)dl] =)z}
el ol ol g e 29 -Fzu 3l (specific con-
formational change)s} R4 o|th. &5 Pfr =k
A5 AYd oz oz Pfro] o
Tg EHE 4 U= Helop @k susw
120,000 daltone] E=z}#k-8- s}x phytochromeo)
W le] pore® EaarlolE U 27 @ Fol.

Eo, Pfre] dabsh A4§greed @i (d
£54 adenyl cyclase) & 437z FAFD
EaE Fd w2439 (promotor &
Agsle] o] & TAsse A
%4 9E4 (signal-carrying chemicals: o} EE1
cyclic AMP) & A3l vk,

A, Pfr 2z}7} dets o 2 fusiond 53 5
o7t Wy,

A=, Plre] 43 A4 o2 4849

m[o
o
B

g} (intracellular com-

A =l

operation site)o]]

R

hydrophobic
sH area

K
E% g N
toutomere— <> Qﬂ:‘é( ==£_Zj

....... H-bonding,

muwmey ( B)

Figure. 3. The proposed chemical mechanism
of the Pr —— Pfr phototransformation
(modified from Song et al., 1979; Sarkar
& Song, 198le; Song, 1980a). Mechanism
(A) assumes that the thiocether linkage is
not released in the phototransformation,
while Mechanism (B) is based on the
release of the sulfhydryl group from the
thicether linkage and the propionic side
chain at ring C is retained. The main
features of the phototransformation are;
a) tautomeric shifts of protons(Song et al.,
1979; Song & Chae, 1979; Sarkar & Song,
1981e), b) C-H bond breaking assisted by
a basic group (Sarkar & Song, 198le)
and c) exposure of the chromophore bind-
ing surface as the result of chromophore
relocation/reorientation (Song ef ai., 1979;
Hahn & Song, 1981).
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Table 1. Effect of the Pr—Pfr phototransfo-
rmation on the fluorescence of bound ANS*
100
Phytochrome ANS Fluorescence
d (M) (M) Enhancement®
i . (%)
f =
£ sob R 1.6 0 0"
.\c_ 1.6 390 5.1
g 1 1.0 500 6.2°
=2 ) c
T 1.0 1000 9.6
® gok 0. 053 0.5 0
X Prr 0-352 0.5 3¢
L 0.528 0.5 14¢
] 1 1 L | 0.88 0.5 31¢
0 20 40

C NOBH4 J, mM

Figure. 4. The borohydride reduction of Pr
and Pfr at 298K, pH 7.8 in 0. 1M phos-
phate buffer. The ordinate scale represents
initial rates of reduction; % pigment
remaining was calculated after 1 min of
reduction. (T.-R. Hahn & P.S. Song,
unpublished).
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Ay 2 ey &g Jaffe, 1970). ((v) 35
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vaze.

Siegelman & Miller,

dextran agarosed])

a4

o O m[o

& Pir “4"’%‘ Aol AE-g 2574
o 1% AuAon B
#] & (photomorphogenic) 483 24 2] Pfr
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*Conditions as described in the caption to Fig. 5

*Defined as ALF P X100/L:*, where I.P* and
ALFPr represent ANS fluorescence intensities
before and after Pr—Pfr phototransformation;
AL P was measured immediately upon Pfr
formation from Pr incubated for 2~5h in the
presence of ANS. Average of ten measurem-
ents.

‘Using Pr from “Affi-gel” procedure with highest
purity (virtually free of contaminant proteins).

4Using Pr obtained from “conventional” procedure
and values corrected for ANS fluorescence at-
tributable to contaminant proteins.

1979; Song, 1980). t}-2oll & A A= 2 o &
of "L AT A HZ QoA A
2 nog AAE gotnrslz sk

Pfro| &
Pfre] 4=
x|

A= 8 (hydrophobic model)

24 zxall 73 59 ®A s G =
vkl o] Pr—Pfr 3wzl gL Pir =
F58 2449 2% A4 Aol
= §F upe} zko| propionic acid groupst =
o FHAY TAA 246 A2=A g%
T Absq UL B Al s}aiv}
~anilinonaphthalene-1-sulfonate (ANS):
w5 AREARA2A B i

>

A

lo & w =
N 2.
I~ N}a

fu

o
-

2 08
sk
o g
2
\;
o
od
o
e
r_'>~_./
riﬂrl‘
1
r\:t
flica
1

wo e Az O |0 @ o
R ) l“
>
A
fa
g,

o,
5
o
[a:
h.t
o
i,
P
v
ox
ki

N
=

Mol w e

. ol Abgk uwle}l o] ANSE Pr3t
= Plrel] 2ep 22 A3y &
. & ANSE: Pfra} #Adtsle 2 F373=7}
t}(Table 1, Hahn & Song, 1981). ¢]& &+

- o
o
- s
m}L Jau

o e I
&
o,



oy
ol
g
=
&
g
O
=
o
3
(o]
)
_{
Y
—
BN
Ao
I
X,
e
o,
o
fo
B
ofo

— 271 —

660 nm

<
7300m
& dork

Figure. 5. The hydrophobic model for the Pfr
form of phytochrome. The site of ANS
binding is indicated by solid arrows in the
Pfr molecule (two alternative models

Pfr,] /Lfr Fell HE ANSe) Adwa Age
ol obud 3} (dark reversion) £ x| of -8 w] Al
o2 Zid g, 28 62 ANS F2 3l Pra] —E’}
FeAEY 9 Pfr 29 AMS neofn
B dle} gre]l ANSe| AgHe Pro
ghel] ddle = wlad AL G4 v c(aeE v
ImM o]4ke] ANS rxeAe A43g Axe
hypochromism-$ % < 9lc}). zz v Prz X
A4 Pirg ANSY pxrt o4 wet 37
9mMse] ANS E %A% Pfr
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3] bleaching = o],

shown). Note that the gross conformations ¢ F& A2 £ 4 ¢glvh. ANSe] 9& ozt
of Pr and Pfr are identical. (Redrawn 2.z =glel A% (perturbation) & Pfr Ex}e]
from Hahn & Song, 1981). 442 B ANS/ Aetsie] Ria oz o
A5 Zueelx ANS Zalsle] ProPfr 3 2 crevicest 2a=e] gl Pir WA ebS shd 3
Wk w2 ANS9 & 3w ul 3w 7ho] 4 ARz =25A geeyq HAckd semicircular
F F717h SHel= 9o (Hahn & Song, 1181). o]  FEE AAAAT gE SaAT W £FAAY
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Al A AZFEYE ol oo Pfr ixlel] 7tz =u} Song & chae, 1979). whah4 Pfre] ANS Agte
Ax 454 Fdd AddAd ez FAishs] Wi £# EY A% & bleachingg fusiA =& A
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Changes in the absorption spectra of phytochrome(Pr, 1xM) in phosphate buffer, pH

7.8, 273K, as a function of irradiation with 660-nm light (fluence rate at 7.5 W/
m?) in the presence (B & C) and absence (A) of ANS: Panel (A), 0mM ANS;

panel (B), 1.0mM ANS; panel C, 2.0 mM ANS,

In each panel, spectra 1 through

8 represents progressive irradiation time from 0 s through 92.4s, respectively, and
spectrum 9 in panel (C) for 210s. (Redrawn from Hahn & Song, 1981).
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Figure. 7. Changes in the absorption spectra of phytochrome(Pfr, 0. 8M) in phosphate buffer,
pH 7.8, 273K, as a function of irradiation with 730-nm light (fluence at 1.6kW/
m?), in the presence (Panels B & C) and absence (Panel A) of ANS; Panel (A),
omM ANS; Panel (B), 1.0mM ANS and Panel (C), 2.0 mM ANS. In each panel,
spectral 1 through 8 represents progressive irradiation time from Os through 92.4s,
respectively, and spectra 9 through 12 from 210 through 1410s, respectively.
(Redrawn from Hahn & Song, 1981).
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Table 2. Rate constants ohtained from linear regression analyses of the kinetics of the
phototransformations of phytochrome (1 M) in phosphate buffer (pH 7.8) at
273K with 660 nm (7.5 W/m?) and 730nm (1.6kW/m?) light, as a function

of ANS concentration®.

— 273 —

Pr—Pfr Pfr—Pr
[ANS] (uM)
ko (s71) relative kq ki(s™)  ko(s7'X10%)  k, component® (%)

0 0. 098 1.0 0.24 0

50 0.22 0

100 0.22 0
200 0.114 1.17 0.27 7.52 22
500 0.123 1. 26 0.28 2.23 28
1000 0.131 1.34 0.27 1.97 57
1500 0. 095 0.97 0.26 0.97 63
2000 0.072 0.73 0.28 0.98 66

*Correlation coefficient for the rate constants listed ranged from 0.997 to 1.00.
k; and k, for faster and slower components, respectively, and amplitude of the latter as resol-
ved by the peeling procedure (Van Liew, 1967).

Table 3. Rate constants obtained from linear regression analyses of the kinetics of dark-

reversion (Pfr—Pr) of phytochrome in phosphate buffer, pH 7.8, at 273 K, in

the presence of ANS.

[phytochrome] [ANS] [dithionite] k; k2
(uM) (mM) (mM) (s71 X109 (s71X10%)
2.4 0 7.23 7.71
2.1 0.625 7.69 7.60
2.1 1.250 0 7.70 4.92
A F2E DA ARAAA L o] ReiA A T2 WA ANAE Sk 7}ssch. & tryp-
FE AR dopus® oAt tophane] £ 4w 2 Y& WA =ko =9 Forster-
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& o 2 Zw= 9l h(Sarkar & Song, 1981b). 13
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Figure. 8. The phototransformation of phyto-
chreme (Pr, 4¢M) in 0.1M pheosphate
buffer, pH 7.8, with blue light (442nm,
fluence rate 0.6 W/m?) at 278 K, in
the presence of molar excesses of FMN
added. [Prl, and [Pr] are concentrations
before and after irradiation with 442-
nm light which is exclusively absorbed
by FMN, respectively. (Redrawn from
Sarkar & Song, 198lc).
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Figure. 9. The photoreversion of Pfr (4,M) in
phosphate buffer, pH 7. 8, with blue light
(442nm, fluence rate 0. 6W/m?) as a fun-
ction of molar excess of FMN which
exclusively absorbs 442-nm light. (Redra-
wn from Sarkar & Song, 198l1c).
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Pigure. 1¢. The Stern-Volmer plots for the
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dues in Pr and Pfr at 278 K, as a fun-
ction KI. The ratio of the quenching con-
stants for the two plots is 1.5, indicating
that the tryptophan rtesidwes in Pfr are
more exposed than those in Pr. (Redrawn
from Sarkar & Song, 198la).
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Figure. 11. Double-reciprocal plots for the
fluorescence quenching of free tryptophan,
Trp residues in denatured (Pr4-guanidine
hydrochloride) and native Pr and Pfr in
phosphate buffer, pH 7.8, as a function
of KI concentration at 278K. The % facc
values are shown. (Redrawn from Sarkar
& Song, 198la).
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Figure. 12. Fluorescence anisotropy, rotational
relaxation times and lifetimes of pyrene-
N-maleimide-labeled Pr and Pfr in 0.1M
phosphate buffer, pH 7.8, at 298K. (Redr-
awn from Sarkar & Song, 1981d).
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Figure. 13. The rotational rejaxation times for
Pr and Pfr labeled with fluorescamine in
phosphate buffer, pH 7.8, at 298K.
(Redrawn from Sarkar & Song, 1981d).
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Figure. 14. The binding of phytochrome to
unilamellar liposomes as a function of
ionic strength (KC1) in 20 mM phosphate
buffer, pH 7.2, at 276K. (Redrawn from
Kim & Song, 1981).
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Figure. 15. The initial rates of oxidation of
the phytochrome chromophore as a fun-
ction of potassium permanganate in 20
mM phosphate buffer, pH 7.2, at 276K.
(1.S. Kim & P.S. Song, unpublished).
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Pigure. 16. The side view of the hydrophobic
model of Pfr. X represents the Pfr
receptor which is yet to be indenfied.
(Redrawn from Song et al., 1979; Song,
1980a).
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