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Loss of the single CHY weak hydrogen bond causes substantial
alteration of the stability and photocycle of the photoactive yellow
protein (PYP), which is a clear example that a @M/leak hydrogen
bond has a specific role in the proteins. Focusing on the phenyl
ring of Phe6 adjacent to the alkyl chain of Lys123, characterization
of the mutants for these amino acid residues demonstrated that
lacking azr-electron at position 6 or an alkyl chain at position 123
substantially decreases stability and slows the photocycle.

PYP is a blue light sensor (absorption maximum, 446 nm) of a

purple photosynthetic bacteriurhialorhodospira halophild As ) ) ) )

its high-resolution tertiary structure is availaBféPYP has been: ;’fj’&eué Ofsv\f’ifgl"t")'/pf's:'(%”(svr\'/'% E’r‘f%":zgrs ?fr?wg‘(%)Lgf;:ﬁae(g)vig;’fra"
studied in detail based on its three-dimensional structure. PYP is apjsiance between the alkyl carbon of Lys123 and the phenyl carbon of
structural prototype for the PAS domain superfamily that contains Phes is indicated.

many proteins that function as various sensors in a wide range of
organisms from humans to bactetia.thioester-linkedb-coumaric

acid chromophore of PYP is photoisomerized from trans to cis form.
Subsequently, several intermediates are formed, then revert to the
dark state over a 100 ms time sca&l&€he putative active inter-
mediate (signaling state) in the photocycle is a long-lived near-
UV intermediate (PYR, it is also called{ or pB) that has a partially
denatured structure as the result of substantial protein conforma-
tional changé:”

We have previously reported that PYP with the N-terminal six
amino acid residues (Met-Glu-His-Val-Ala-Phe) truncated (T6) has -~
a 100 times slower photocycle than that of intact PYIRis is not Figure 2. The photocycle' rate constant and thermal stability. The decay

. . . rate constants for the M-intermediates ah@ for the dark states were
accounted for by the overall structural disorder as this truncation meagyred in 10 mM TAPS buffer at pH 8.0. The values at"@0are
does not markedly alter the structure of other parts of the préein. presented. No pigment was yielded from the K123A apoprotein.

X-ray crystallography demonstrated that the only strong hydrogen

bond involving an N-terminal amino acid residue is present between suggesting that their structures are comparable to wild-type. These
the peptide nitrogen of Glu2 and the peptide oxygen of GR/25. mutants were characterized using flash photolysis, Fourier transform
However, truncation of the N-terminal three residues showed no infrared (FTIR) spectroscopy, and thermal denaturation.

marked effect on the decay of PyRdata not shown). Thus, Transient spectroscopy after flash excitation demonstrated that
candidates for the key residue(s) of the photocycle are Val4, Ala5, the decay rate constant for the M-intermediate formed from F6A
and Phe6. Val4 and Ala5 are located on the surface of PYP; (F6Ay) was 0.16 st The effect of substitution of Ala for Phe6
however, Phe6 projects inward and its phenyl ring is adjacent to was comparable to that of the six amino acid truncation (T6),
the alkyl chain of Lys123 (Figure 1), suggesting there is interaction showing that loss of the phenyl ring of Phe6 is the main factor in
between these residues, although interaction between the side chainthe stabilization of TG (Figure 2). For other Phe6 mutants, decay
of Phe and Lys is likely to be weak. rate constant of M-intermediates was also significantly smaller than

To evaluate the interaction between Phe6 and Lys123, site- that of wild-type PYR; (WTy), indicating that Phe is optimal for
directed mutants were prepared and characterized. Positivelyposition 6. However, the rate constant of RgWas the closest to
charged Lys123 was replaced by small-sized Ala (K123A), WTy. Absorption maxima of M-intermediates of Phe6 mutants
negatively charged Glu (K123E), or hydrophobic Leu (K123L). except F6¥; were -3 nm red-shifted from Wy (Supporting
Aromatic Phe6 was replaced by small-sized Ala (F6A), negatively Information). K123k and K123l showed absorption maxima and
charged and ionic-bondable Asp (F6D), imidazole-containing His rate constants similar to those of \,Tdespite the electrostatic
(F6H), hydrophobic Leu (F6L), or aromatic Tyr (F6Y). properties at position 123.

No pigment was yielded from the K123A apoprotein, indicating Light-induced structural changes were studied using FTIR
that this small side chain does not serve as a partner for Phe6. Thespectroscopy (Figure 3). Difference FTIR spectra in amide | and
loss of volume at position 123 and possible penetration of the water Il regions, assigned to vibrational modes of peptide bonds, indicate
would substantially alter the chromophore binding pocket. Other conformational change of the protein. Although the site-specific
mutants were reconstituted into yellow proteins with absorption information has not been available, the protein structural change is
maxima at 445447 nm (see Supporting Information), strongly evaluated by comparison of the spectral shape. While the difference
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progress in theoretical and experimental studies has shown the
importance of weak hydrogen bonds in proteihghe difference

in AG between F6L and WT is 11 kJ/mol, greater than the energy
for a single CH# hydrogen bond. Thus other interaction would be
simultaneously disrupted when the GiHtydrogen bond between
positions 6 and 123 is lost. While F6Y possesses-aectron
systemAG for F6Y is 7 kJ/mol smaller than WT, which would be
caused by the possible interaction between phenolic oxygen of Tyr6
and thefS-sheet.

Although this study clearly demonstrates that a singlesGh#ak
hydrogen bond can be an essential intramolecular interaction for
PYP, the distance betweenf Phe6 and Cof Lys123 in the
PYP crystal (PDB 1nw2y is 3.78 A (Figure 1), greater than the
reported value for the Chihydrogen bond+3.5 A). However,

26 NMR structures deposited in the PDB (3phsiiggest that the
spatial relationship between Phe6 and Lys123 fluctuates, and the
distance between the phenyl carbon of Phe6 and the alkyl carbon
. , of Lys123 is possibly very close~@ A). Importantly, the weak

1750 1700 1650 1600 1550 1500 1450 hydrogen bond between positions 6 and 123 cannot be substituted
by a tight salt bridge (F6D) or hydrophobic collapse (F6L).
Therefore, a weak but flexible attraction would be required for the
reversible conformational change observed in a photocycle. The
weak hydrogen bond would have a specific role that cannot be
performed by any other interaction.
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Figure 3. Light-induced difference FTIR spectra measured at pH 8.0
[M-intermediates (positiveininusdark state (negative) spectra].

in UV—visible spectra of M-intermediates among mutants was
small, clear difference was observed in FTIR spectroscopy. The Acknowledgment. We thank Tomokazu Morishita and Drs.
difference FTIR spectrum for WWT is characterized by a single ~ Yoichi Yamazaki and Hironari Kamikubo for helpful discussions.
intense negative band at 1646 tha positive 1625 cmt band This work was supported by a Grant-in-Aids for Scientific Research
greater than the 1608 crhband, and clear negative bands at 1697 (C) and for Scientific Research on Priority Areas “Molecular Nano
and 1530 cm? (Figure 3). In this respect, difference FTIR spectra Dynamics” from MEXT.
for FEY, K123E, and K123L agree with WT, while the correspond-  gypporting Information Available: Absorption spectra and tran-
ing bands for T6, F6A, F6D, and F6L have reduced intensity. F6H sjent difference spectra of mutants (PDF). This material is available
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