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Techniques and application of time-resolved X-ray diffraction
Hiroo HASHIZUME

Engineering Research Institute, Faculty of Engineering,
The University of Tokyo
Yayoi 2-11-16, Bunkyo-ku, Tokyo 113

A data collection system has been described which permits time-resolved studies of X-ray diffraction
diagrams obtained from structures varying on millisecond time scale. The system utilizes a linear delay-line
position sensitive counter linked to an on-line computer. Time-resolved data-collection is performed by
inducing the structure change in the specimen at a regular time interval, by dividing a complete duration
of the structure change into many successive time slices and by accumulating in computer memory X-ray
data from many repeated cycles of measurement. The system has been used to study with a time resolution
of 25 ms equatorial diffraction diagrams from contracting skeletal muscle in isometric and isotonic con-
ditions. The intensity ratio Ijo/I;; has been found to decrease to as low as 0.5 in isometric twitch, but

level off at about 1.0 in isotonic twitch under small load.
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Fig. 1 Principle of time-resolved X-ray diffraction
using a position sensitive proportional counter.
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Fig. 2 Design of the multi-cathode strip delay-line
position sensitive counter. A: anode,
C: cathode, S: cathode strip pitch.
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Fig. 3 Electronics for position readout for a delay-
line PSPC.
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Fig. 4 Uniformity of the spatial response of the
PSPC. The diagram was registered from a
central 20 mm length of the counter irradi-
ated by flat X-rays from an Fe®’-source.
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Fig. 5 Growth of the 110 reflection from a Cu; Au
alloy annealed at 385°C after quenching from
391°C.
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Fig. 6 Schematic diagram of time-resolved X-ray dif-
fraction of isotonically contracting muscle.
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Fig. 7 A: Electron microscope picture of a trans-

verse section a myofibril of rabbit psoas
muscle.
B: Schematic diagram showing the structure
of a skeletal muscle. The thick lines represent
thick filaments, while the thin horizontal
lines represent thin filaments. The length S
of a unit sarcomere, from Z to Z, is normally
1.5 ~ 3.7 um in frog sartorius muscle.
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Fig. 8 Time-resolved equatorial diffraction diagrams
recorded from isometrically twitching frog
sartorius muscle. Only the right halves are
shown for clearity. The numbers on the
abscissa give channel number of the analyzer,
the ordinate represents count in each channel
for the second to the 39th diagrams, and the
third axis represents time after stimulus. The
time resolution of the data collection is 25ms.
The foremost diagram was sampled for 2 sec
when muscle was at rest between stimuli. The
data were collected from 120 twitches re-
peated at a 10 s interval and were processed
to give the 1, 2, 1 running average for each
diagram. Sarcomere length of muscle 2.4 um.
A mirror-monochromator optics was used
with a line focus (0.1 x 1 mm) on a copper
target of a X-ray generator operated at 40 kV
and 30 mA.
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Fig. 9 Typical time course of change in the intensity
ratio I, /I, , observed with a frog sartorius
muscle during isometric twitch. Circles re-
present data points measured from the left
halves of the recorded diagrams, while crosses
are data points measured from the right halves.
Twitches were repeated 120 times. The initial
sarcomere length was 2.4 um. Curves a and b
show the isometric tension at the first and the
120th twitches, respectively.
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Fig. 10 Typical time course of change in the intensi-
ty ratio I, /I, , during isotonic twitch of
a frog sartorius muscle under a small load
(0.025 P,). Circles represent data points
measured from the left halves of the re-
corded diagrams, while crosses are data
points measured from the right halves.
Twitches were repeated 120 times. The
initial sarcomere length was 2.4 um. Curves
a and b show the degrees of shortening at
the first and the 120th twitches, respectively.
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Fig. 11 Time-resolved equatorial diffraction dia-
grams recorded from a frog sartorius muscle
isotonically twitching under a small load
(0.03 P,). The initial sarcomere length was
2.4 um. The vertical scale mark represents
200 counts/channel for the second to the
39th diagrams. Note the variation of the
peak positions as a function of time after
stimulus.

Fig. 113 BE7 8 o> S5 5% 7 14 B #gs o0 5 4380 [E1 477 1%
FHICT L LTERZLOTHE, ZoORT, 1,08 &
U1l Rt —7 MBI ERTCE L, BT
AR (& AR cEL Tw2, MZBoE IR
. EET AT RS LBk 2 &, BHlI L (R
23, =7 oA~ Eiz, BTEBEES R
2RY. BRI EHETIE., BE2E- 202 T E
TEAEE 2 . ANHET o R EER» L2 S Z &2 TR
2152 Fig 112 5 R d 23K, 1/d% 2 G5 »
LEWRLABEIHLT 7oy ¥ 2, EA2E2
BEIrELNE, 20Tk, 74574 METOHE
AR I RN EHEP IR B Z L &R
LTv53,

4. BRoRZ

FL 72 B HYEarE XEREIT 5 0 TR 92 % dhe> 72 B & XA
EHF HEBIT K2 L H L RN A L D AR bR,
S uiBrE L ICEBbR D, BEBOSE
T, Z 2z 1RITCPSPCoHfl, 2:XICPSPC
LIEVIERERIL2 N RBLTH25Y hnsom
HEBRBEKO LI TCLBH THEHATH P, 5B 5
RS ZE» L, HEEE+*ES 2B i e n
k9. MBHREOEMRMICIE, LTEErERETY 2
LVETHSNLEMAFRY»EHTH 5, BIERE A
5PSPCTI3, 700MHz @7 o v 7 TR 2 Ei% T
CHENBRIIEET 2R T bR T B, F,
PNF AN TR A C o n X, T IcH b
NLIBEWMBLZEEADERL 2 BT I NEEE2ITES
FiEIO £ L)y FIEN oS - ADEESEE O
. BH%L 7oyt — TEOEEFEHT 5 53R
. ERIEAE, T FETIE, lus/1 XFD
WP HTE LD RANH B,

B 38 B LS s e e, Kol
AX L DBEETHREEIN S, Bl H 2l ¢&E
FhenyET e, 20T R0. 20me) FHREME T,
(4 4 B AEENL 4 2 0 12 LEE 2 #920usn [l . ANERIC
LHEELATY R ol ERAT AR BRGE
10em? 1 RICPSPCORR FLEEIZ 25X 10 cps, [@20m
7D 2KITEPSPCHOFHIE 5 X10%cpsizh B, W HIC
LTH, FHEEESREERTI L C0 k) 2ME
HRERMK LD LEETH 2 MERoEHELE, o
Hf o BB 2 BHED 2 Y EE» -4 70
BREELCED LI 2 vy raleriftnd
SEEICHEET B 2oz b, BIEFFE I AL S5 h v,

FL7z B d 4 F TR E AN T3 I R B Y

BEsMoNTEL, L L, ZOFEEZMHBHONLN
ALEWRICIBHATEL I ERELATH B, HHERE
DAAZERE, BHEEEAOTELL, ERE0R R,
RS R 4 &I EBR B IS R T H B,
L Eo Wi MRl (B A% —F) »0m
AN, EELETOBSEEL2 b IoN2LDT
H5o, EERER, WECHEDL > nEBEOREHEK,
HBERHG I EZ il % {2 I EBHT
LRETH B,

2 & x W
(1) H.Hashizume, K.Kohra and Y.Oguro : J. Appl.
Crystallogr. 8 (1975), 249.
(2)  A.Gabriel and Y.Dupont : Rev. Sci.Instrum.
43 (1972), 1600



(3)

A

C. J. Borkowski and M. Kopp : Rev. Sci.
Instrum. 39 (1968), 1515.

WEERCEE, ML, WLARRE B
17 (1975), 238

R.Allemand and G.Thomas : Note Tech. LETI
/MCTE, Grenoble, No. 1056 (1974).

T.Izumi : SSRL Report No. 78/04(1978), VII77.
TEIRELHE © BAK &Sk 21 (1979), 84
Ann. Rep. Eng. Res. Inst.
Fac. Eng. Univ. Tokyo 34 (1975), 227. ;

N.H. Xuong, S.T. Freer, R. Hamlin, C. Nielsen
and W. Vernon : Acta Crystallogr. A34 (1978),
289.

T.Izumi :

H.Hashizume et al. :

Jpn. J. Appl. Phys. 14 (1975), 1581.
H.Hashizume, Y. Amemiya, K. Kohra, T.Izumi
and K.Mase: Jpn. J. Appl. Phys. 15(1976), 2211.
H.Hashizume and N.Masaki ! Arch. Bioch.

186 (1978), 275.

H. Suzi, Y. Amemiya and H.Hashizume :
Japan Acad. B53 (1977), 178.

Biophys.

Proc.

H. Hashizume, K. Mase, Y. Amemiya and K.Kohra

. Nucl. Instrum.& Methods 152 (1978), 199.
MBS | SR 3C, B KTIHEE, 1979
A.Gabriel : Rev. Sci. Instrum. 48 {1977), 1303.

A.Gabriel, F. Dauvergne and G.Rosenbaum :
Nucl. Instrum.& Methods : 152 (1978), 191.
TCERE AELRIC, FATEE, 1978

Y.Amemiya and H.Hashizume: J. Fac. Eng.,

&&Q&K\Q&&K& Qﬁ&z

313.
Nature 173(1954),

Univ. of Tokyo B35 (1979),
H.E.Huxley and J.Hanson:
973.

A.F.Huxley . Progr. Biochem. Biophys. 7(1957),
255.

S. Ebashi and M. Endo :
Biol. 18 (1968), 123
H.E.Huxley and W. Brown :
(1967), 383.
J.C.Haselgrove and H.E.Huxley: J. Mol.
Biol. 77 (1973), 549.

H. Sugi, Y. Amemiya and H.Hashizume :
Japan Acad. B54 (1978), 559.

Y. Amemiya, H. Sugi and H.Hashizume :

Progr. Biophys. Mol.

J. Mol. Biol. 30

Proc.

Cross-
Bridge Mechanism in Muscle Contraction, ed.
H. Sugi and G.H. Pollacle, p. 425, Univ. of
Tokyo Press (1979).

I.Matsubara and N.Yagi : J. Physiol,
278 (1978), 297.
PN L, SiEE—, BNLEE, BERMX: A

RS IEHISAFEE £4, BAIS4ELILA,
G.Rosenbaum : SSRL Report 78/04, VII69(1978)
IET—, FRE—, RENE—, BOR: 8%
BEF#s koaktse B45, BERIS3HE10H,
RIER B 2L X —TFREETRES, BEHIS4E
3H (KEK ReportiZfB#F5E).

G.Charpak : Nucl, Instrum. & Methods

152 (1978), 185.

\\\\\ SDUIIHIHN
XT4 7727 F XA MYICZRITS
KR ETRREB X URE
a3 B
FL¥ic MRREZ B Z LI b b, EHADOBEIZ OV
X#goRIFBR S, 20EHe L CHIFF O EIF A, iffuﬁiLt“AEu%méxﬁﬁi%t@ﬁﬁ

WE. BLUEEE 2,

s oERy SWEOEE

* BT RISiTe v 5 —

7z

EHET T

SIRREB L UTREEIC O CRRETL . MIEHBYICE L
Xmﬁb‘m%;ﬁ@ EHOBIRIZ >WTiE~NE, F—X#&
SRR L EE R T AR b N TE





