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Fast NMR techniques in combination with oH fast pKa = 5.5 Siow signature
other biophysical methods to kinetic events ‘ . W e CB A
* the folding of proteins and nucleic acids; : : \ _

* the structural and dynamic characterization N-cis A-cis
of transiently populated excited states; .

* the influence of chaperone proteins on the mediate P -
folding kinetics; L Sec ~O‘_,t<

* light-induced protein conformational
dynamics in light-sensing proteins. N-trans A-trans



Chromophore of fluorescent protein like GFP
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Irreversible photoswitchiing in fluorescent proteins
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Reversible photoswitching in fluorescent proteins

cis-planar

Absorption / Emissiorn

»

1.00 =

0.75 -

0.50 =

025 =

am
0.00 sl

300 350 400 450 500 550 600 650

Wavelength (nm)

Dronpa

trans-nonplanar

488

o ===+ Non-fluorescent sta

i

== Fluorescent state

nm =
B e
stz O
-~ ”/ w46

Abs./Exc./Em.

0.0

A RIRSFP: FHonZSIR UK
K & RSFPHY < 7]
IEFIRSFP: FHonZSIR U
KM A RSFPEYFF B

rsFolder

Cis-A < ”trans-N

Y
!.f

ey
i

e
s, ﬁ'.\__.;_':.&

RESILTA
B

1.0

0.4

0.2

300 350 400 450 500 550 600 650 300 350 400 450 500 550
Wavelength (nm) Wavelength (nm)

Sci Rep. 2016; 6: 18459.
Biophys J. 2019; 117(11): 2087-2100.



A D 3l 47
NMR 1545

T

%
w
=
o
—
M@
@
S 1
N
t

—

( a) pH 8.0
L H
H H G68 yo V69 = A 136
\ / *Juco O = N— = @ g
Se= H H - = 4 137 _&
: Optical fib / \ pl 3 N § z
Laser combiner PRt cz cﬁz-eCBz el W CAs 138
(488 nm, 405 nm) (H)-0— / CA; N3 “H
\\ / P / / 70 69 68 67 70 69 68 67 H115
= % Dy \ —_— pH 11,
£ —G 7 - A-trans i
| optic fibes H H H - ‘I\ g
_—H ) i 144
| Y67 A66 }\11 8 T — N-trans
glans rwen 0= P & e 145
¢
Ir X d 146

Protein
Solution ( b) L65 CA

13C (ppm)

12 7.0 6.8 7.2 7.0 6.8 7.2 7.0 6.8
W (100 um) H (ppm) TH (ppm) H (ppm)
Shigemi 134
NMR tube
. H4.5 H 8.0
Connection to -0 136 P p
NMR console OH
® 1204 3
138 = —
O E i °
140 = s (4 763 -3
RS> : T63 60 |»
U g T204
H11.4
149 2 p
| © T204 Q 1204 O° T204
144 ] 0
=
146 : e
72 71 70 69 68 67 76 0 763 0 163 0° 163
0. 0. 03 0.7 0. 03 i . .
1H (ppm) ' 1Huospm) ’H(pspm) v ” >

HMQC




M= 2 6 B R 1 A R E AR 5 1 5

134
(a) H . @ a
H H G68 \ V69 o 136 (C) F 5 4.7 CRO'CE 121
\ & *Jusco Oy i N— : A-ci th,]
CE; = (D2 e =% 122 - Y HY
/ R i TN . T 138 = i © 5.0 CIS e
(H)-0-CZ C62€CB2§CA/ ke s E @55 = IR BN
// 4 2 3 H 140 o a 137 < A5 Ry =
1 X iy, g SPIHE A-trans iy 51365 =N 7.5 % has
H s CA;4 _ | - o
Y67 ass " et o @ . 136 PKcis = 5.45 b 4 126
e, -trans A NEEANRT
O‘}c/\ ‘ "°\© }—L 40 50 6:_]: 70 80 | a 1I—ﬁppm}ﬁo i L FEARFEMAL
Les CA v 146 (d) B = CE1l. CE2
7.2 7.1 7.QI H6(9pp6ni) 6.7 76 g _ F146 ) - V151 ©
= © o - Ofi2¢ o ~eo v -
=T H149 1204 1 % |, &
g = = 0 ¢ k| e e
33 iE V151 Y
= F146 | 00 T63 P 2 BEERRIRE
50 78 70 56 06 04 02 03 0.1 .? jull‘k }ﬁ
Aix
[ 20 %%Xﬁ
a— 2 @ —_— — Y
€ G 132 O 2 (@ @ * £ Z{}]j]#
o T a
g i 5
Q’ 133 =
- 50 78
"H (ppm)
€
oY
a
&
v N-cis

2 RERT S r e ag | HE
K000 gy PHIOTA2 N-cisFEFE M




(a)

pH 7.5, 15°C ® |, | PH6215C ¥ lics
€
0 165 165 o
¢ ¢ ="
_________________________________________________________________________ % 0 U
170 170 —
¢ H149 (ND,) e 175
13 12 11 10 13 12 11 10
1H 1H
2 (b) (ppm) (ppm)
kf~7.5+110%s? | , ‘ | .
e 131 ppm 138 ppm 12 ppm
CG CG CG
120 ppm 123 ppm/ 127 ppm /
D, +.::\ND|—H CD;/ \NDI CDQ/
\sbs \ \ £5TIRR
H'NEz__ CE] H'NEQ__ CE1 NEz — CE1 N
137 ppm 139 ppm 139 ppm kﬁ EI E’\]}ﬁ
(c) FRH
pH 7.5 hize FJH 7.5 pH e
pH 5.0 pH 5.0 pH 5.0 —
= e 138 A
o
128 S
J
s . |39 i 1304
o [ i
Hisly B 2 RHRERZRT H149 (CD5) H149 (CE;) = Hi49(Cq)
2
i#*z&ﬁ@ E,J ur] 1§IJ\ 7.2 7.1 70 o 73 ?,; 71 7.2 A 7.0
FERFFEND,-H H 5 H (ppm) H (ppm) TH (ppm)



|
\

_?':;_ f.?:-_. 7
W a-Ni
}/ J;,J// __J',"f

kex <€ 1000s-1

RERT L
X} HF

AHEEE) 15

T
=i
a—
ek
R\
Z1
\Eﬁkl
3

inter-
mediate

N-trans

(@) g0 10.7 11.5
A—transg el
N-trans N-trans
@ e o 145
147
7.2 70 68 7.2 70 68 7.2 70 6.8
TH (ppm) TH (ppm) TH (ppm)

pKa = 12.0

=)

~QJ§

A-trans
(c)
7.5 Mi 7.5 HEPES
9
E?O p V 51 |19 | V151
Q o @
@ T204 “Vist 1@ 1204
3 0.0 06 04 02 00
MI 5.7 HEPES
V151 [19 o V151
20 (@) T204 & vis
0.0 06 04 0.2 00
H (ppm)

X & HFEhH bR

BB XKRF



(a)

R R 2% & ] 5+

A ) 2 ANE) J) 2

P=0.85

N
S
"\
o
H
H

A-cis

[¢]
ke~ 10% 157

" 91%
’U 100% ﬂ 0 0% 0 84%
CB-cis CB-cis CB-cis CB-cis ™
g
2
142 U
CB-trans CB-trans CB-trans &
Q% 30% i 1&6%
42 45| | 0 5.0 5.5|146
70 3 70 5.6 70 3 7.0 6.6
o N% 0 100% O 100% © 100%|i3s
CB-cis CB-cis CB-cfs CB-cis g_
- a
“ ha2 v
CD-cis o
CB-trans
% 6.0 6.5 7.0 7.5|146
7.0 6.6 70 6.5 7.0 6.6 7.0 6.6
H (ppm) 'H (ppm) "H (ppm) H (ppm)
] 704 P=0.15 HEPGES‘ tZ}:
) 3 pH 6.2
E, =120+ 5 ki/mol @ 27205
95 —
= % N-cis 480s?
,:‘ 10 H149  kg~75%110%s?  H149
=
"5 _105]
=
o
E =114
—-E,
115 1 A
nk= —— +InA
pH 7.5, HEPES RT
S .
LN 3.15 12 335 13

1/T(103K)

55

trans—cis#itigzh 2

I 5.0 (125h)
>
0.3 E 081 4.5 (70h)
N I3 5.5 (57 h)
' £ 06
. 6.0 (26 h)
14 € o4 4.2 (16 h)
0.
0 —————— = i 7.5 (14 h) MI
40 5.0 oH 6.0 7.0 “0 200 300 1200
time (min)
kHex
HEPES ———smmll Mcllvaine
‘ ......TS................... .....}s‘................
S N b I\
£ - + i by
2 2 3
> - N
9 —
[«F]
c
q.) =3
(V]
L
L S—
W ™~
0 -—
e} A
5]
trans 7.5
[Ht]
Y\
E
= 5.0
2 -
= +
3 2 cis-Nk &
B F & =GN
Q 5
= Pl
(%] =4 o
ﬁ trans +
..- N



(a)

i
‘JH?H_
N

55

Lrls_

“SER
i

H149 39F e R 2L G B

2

1 ]
FE

=

off

pH 7.5
trans-CRO

N

pH 5.0
trans-CRO

Y

A=)

pH 4.5 _
trans-CRO

l 129 ppm

ppm 2

CD; ND4-H

NEz — CE'|
139 ppm

BERFMTE

pH 5.0 B, His 2 NE,-H
FRTERAAXGHARME H #FEHIEE.

=]

JelE AT &2 8 Bl IR EEL
JEIREZ T & & BIRSEE

5

P (N-trans) 405 nm

P (N-trans) 488 nm

—_
(@)
~—

Switching contrast

C = P(ﬁ-ffi)qﬂafp(ﬁ-ff.‘j:},grgg.

05
i on e
. N-cis ——* A-cis |
034 pH<4 g
02| K(cis-tr)405 = '~ k(tr-cisugsTl k(cis-tr)qs
k(tr-cis)4
0.1 - (tr-cis)405 oS off N-trans
0 — —
T I I T | T ] T I T I T I T ‘ T
4 45 5 55 6 6.5 7 7.5 8 8.5
1.0
P
09 e
i on . " .
0.85 pH<2 L e R
g k(cis-tr)488 = k(tr-cis)488
=] k(tr-cis)gg lk{cis-tr)483
0.75 — "
d -trans
0.7 T | T T T T T T T T O1ff T T T T I T
4 45 5 55 6 6.5 7 75 8 85
30 =
»s_| NMR
{1 Fluorescence
20 —
15 —
10 —
5 —
0 T I T I T I T I T | T I T [ T I T

4 4.5 5 S 6 6.5 7 7.5 8 85

CBRME: 1. 405 nm XEEHHEMARRAEEMH
2. 488 nm BBBAT Y cis—trans B UR &K



SUMMARY
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