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Structural Characterization of Reaction Intermediates of
Metalloproteins by X-Ray Absorption Spectroscopy

Satoshi SAIGO and Hideki HASHIMOTO"

Jichi Medical School

*Toray Research Center

X-ray absorption fine structure spectroscopy is a well-suited technique for probing the
active site structures of metalloproteins. Several different approaches are possible for
measuring the X-ray absorption spectra of short-lived reaction intermediates of
metalloproteins. Rapid freezing is one of such approaches. Recent X-ray absorption
spectroscopic studies of reaction intermediates of metalloproteins by using rapid freezing
are briefly reviewed. The topics include intermediates of myoglobin and carboxypeptidase
A.
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Table 1 Methods for time-resolved X-ray absorption spectroscopy.
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Fig.1 Schematic diagram of the rapid-freeze apparatus for X-ray absorp-
tion spectroscopy. The apparatus consists of (a) mixing and freezing
units and (b) a cryostat for X-ray and optical measurements.
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Fig.2 Diagrammatic sketch showing the course of the polypeptide chain of
sperm whale myoglobin. [From R. E. Dickerson, The Proteins, (ed.
H. Neurath, Academic Press, 1964), Vol.2, p.634]
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Fig.3 Visible spectral changes after stopped-flow
mixing of Mb*CN™ and dithionite. The spec-
tra at (a) 10 ms, 60 ms, 100 ms, 150 ms and
450 ms, (b) 500 ms, 2s,3s,4s,6sand9s
after mixing were measured by the rapid-
scanning method.
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Fig.4 Visible reflectance spectra of Mb rapidly
frozen at the time of the maximum population
of the intermediate.
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Fig.5 Fe K-edge XANES spectra of (a) Mb*CN™,
(b) the intermediate and (¢) deoxyMb.

T4 F 2 Mb OIRIEEDAE X, Mb"CN™ kb
b 4eV ZZIF B XL F—ICHF > TV B, —
75, ORI IGAIE E, Mb'CN™ X b H#y
leVIRZ RV F —fIZBE LTV BT TH %,
— iz, RINEEDOALE I X 2RI 3R T DE
EMENMLTWEEBLLNTVEY, NLA
5 R IBIZ DN T D Bianconi 5 ¥ OLEEELD
HBIz LB E, #-BILT7 ) VERBETFRO
BB OB S R E WV, PRIADAERIZE S RN
OB EIED, 2BERIChRThE NI &,
BILHID ST LcBTA, PRETIREETLL

19

AN
el
g: /\Aw '(b)
IV
| M e
VAR

Fig.6 Fe K-edge EXAFS k® x (k) of (a) Mb*CN™,
(b) the intermediate and (c) deoxyMb.
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Fig.7 Fourier transforms of the EXAFS of (a) Mb*
CN7, (b) the intermediate and (c) deoxyMb.
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Fig.8 Fourier filtered first-shell EXAFS (solid lines)
and the fits (dashed lines) of (a) Mb*CN™ |
(b) the intermediate and (¢) deoxyMb.

BIFE S 7 b, BATHEIRIEEE FVYED 53K
febDEHAW,, ZORE, Mb'CN™ & itk
&, BT ERTF OFEGIREEOEHEAY 1.99 + 0.01
A, FFFIMbTIE, 2051001 ATHBI &
ﬁﬁ#oko%£w74uy@«A&VN7ET
3, SRFMEAE U SEAE AR ZE D B
&,%ﬁ?@&@#$w740/@m#b@ﬂm
ZALL, $—F7 4 ) VERRTFREIOE 2
Eg 22 EPHENTNSE D, FEHEANER L
NETHEIERRETLE, FAF 2 Mb &t



MEK EEEEIS  (1993%)

OIRAE & DA DZEWE, FELLTAE VR
BOFEVIZH EDCHERLICHRT 2 2 &1Ti
%, Mb'CN 2NEILAZIT 5 &, Ak 3l
5 2Mlic7s 508, CN™ REES 2 £ <, #RTH
WOFEERE DL SN E VS EETRNE LN S,
IMBEOEWEED KCNA2IFEE, 7IA
J pHEHT, Mb'CN 2 U F A+ A M TEITT 5
&, CN O#EG U 24k Mb ZSEHHRRETIE D H
TIENHERE ", TOREDHRIBINZA RS L
1d, HPRHA LR U < AIRER I 2 RO BRI A5 -
TWABY, ZOE—7IZEDIENEONIIEAEL
TWnb, FRMED AT ML, 556 BehrETes

21

DT I BEEDOESIC L DEELZIFE N &
PHIGNTODEDT, THEDIRED XY ML
DENE, NLFRZFEES L CN EFAD7 3 )
B & OMEB/EHOBRVARBRL TV 200
y3IEgRAN AN

4. DIRFIRTFH—¥ AORIEHEIE
FIVKRF INXTF 5 —€ A(CPA)IE, Hs8A A
Ve LS, B> S5 N s HItBETH
b0 307TDT I JEENSI B IADHE Y RS F
RO D 727 ENT, B9D & SRk
TEo T3P, WL DD DERERNED—EHIES:

Fig.9 Perspective drawing illustrating the back bone conformation of
bovine pancreas carboxypeptidase A. The zinc atom is drawn as a
stippled circle and the positions of the three protein ligands are
shown by arrows. [From F. A. Quiocho and W. N. Lipscomb: Adyv.

Protein Chem. 25, 1 (1971)]
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Fig.10 Fluorescence intensity change after low-
temperature stopped-flow mixing of CPA
and dansyl-alanyl-alanyl-phenylalanine.
The fluorescence was excited at 340 nm
and its intensity change was monitored in
the visible region.
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Fig.11 Zn K-edge XANES spectra of (a) free CPA,

(b) CPA rapidly frozen at 7 ms and (c) 0.6 s
after mixing with dansyl-alanyl-alanyl-phe-
nylalanine by using a low-temperature mix-
ing device.
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Fig.12 Probable active site structure of the tetra-
hedral intermediate of CPA. [From D. W.
Christianson and W. M. Lipscomb: Acc.
Chem. Res. 22, 62 (1989)]
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