
THE
BIOCHEMICAL Volume 208, No. 3

JOURNAL 1 5 December 1982
3 London: The Biochemical Society © 1982

Editorial and Publishing Offices EDITORIAL BOARD
The Biochemical Journal,
7 Warwick Court,
London WCIR 5DP, U.K. Chairman

C. 1. Pogson D. E. Griffiths
Subscription Department B. A. Haddock
The Biochemical Society Book Depot,
P.O. Box 32, Commerce Way, J. L. Harwood
Colchester C02 8HP, Essex, U.K. Deputy Chairmen F. W. Hemming

The Biochemical Journal is published and distributed A. J. Kenny M. D. Houslay
by the Biochemical Society. It is published twice A. J. Cornish-Bowden L. Hue
monthly, alternate issues being devoted to Molecular J A Lucy O.T.G.Jones
Aspects and to Cellular Aspects of biochemistry. It * A L 0 T G
is planned that in 1983 eight volumes, each volume D. N. Brindley J. E. Kay
being made up of three issues, will be published. P. J. Garlick P. F. Knowles

P. Lund
Subscription Rates to the Biochemical Jounal. For
non-members of the Biochemical Society the P.M . Bayley
subscription rates for 1983 are shown below. W. J. Brammar G. Murphy

'Subscribers to the Biochemical Journal can
subscribe additionally to Biochemical Society J. W. Bridges N. B. Myant
Transactions on a joint subscription, saving £15.00 K. Brocklehurst K. B. M. Reid
(U.K. and Overseas) or S25.00 (N. America). The
methods of despatch of both publications are shown M. J. Clemens G. C. K. Roberts

below.B.ACokJ.ESctTerms are cash with order (£ sterling for B. A. Cooke J. E. Scott
subscribers other than in North America or U.S. $ N. Crawford M. J. A. Tanner
equivalent at current rate of exchange) or against
proforma invoice. Orders and subscriptions should R. T. Dean .

be sent to the address above, or through your usual p. C. Engel J. E.Walker
agent. U.S.A., J. E. Fothergill R. T. Walker

U.K. & Canada
Overseas & Mexico The Editorial Board includes two members nominated by the British Biophysical Society

I year (8 volumes) £405 U.S. S860
Per volume £52 U.S. fi lo
Per part £19 U.S$40PeapantL1 only (nl Editorial Manager Editorial Secretary

Japan only (Includes
I year (8 volumes) £440 surcharge for A. G. J. Evans A. S. Beedle
Per volume £56 Accelerated
Per part £20 Surface Post)

Airfreight to U.S.A., Canada and Mexico. The Instrutions to Authors. The Policy of the Journal and Instructions to Authors appeared in Biochem. J.
subscription rates for North America include an (1981) 193, 1-27. A summarized version appears in part 2 of each volume.
element for this service.

All rights reserved. No part of this publication may be reproduced,
Mkcroforma. (a) Microfilm (35mm): Volumes 1- stored in a retrieval system, or transmitted, in any form or by any means,
101. (b) Microfiche (98-image): Volumes 102-208. electronic, mechanical, photocopying, recording or otherwise

Details are available from the Society's Colchester without the prior permission of the copyright owner.
office. PHOTOCOPYING

The appearance of the code at the bottom of the first page of an article in this journal indicates the copyright
Advertisements. Applications for advertising space owner's consent that copies of the article may be made in the U.S.A. for personal or internal use, or for the
should be sent to the Advertising Department at the personal or internal use of specific clients. This consent is given on the condition, however, that the copier pay
Society's London address above. Copy is required the stated per-copy fee through the Copyright Clearance Center Inc. (P.O. Box 765, Schenectady, New York
eight weeks before publication date. Rate cards are 12301. U.S.A.) fbr copying beyond that permitted by Sections 107 or 108 of the U.S. Copyright Law. This
available on request. consent does not extend to other kinds of copying, such as copying for general distribution, for advertising or

Second-class postage paid at New York, NY, U.S.A. promotional purposes, for creating nev' collective works, or for resale.



THE ACKNOWLEDGEMENT TO
BIOCHEMICAL REFEREES
SOCIETY The Editorial Board of the Biochemical Journal gratefully acknowledgesthe assistance given during the 1981-1982 academic year by the followingreferees:

OFFICERS AND
COMMITTEE, 1982-83 E. P. Abraham F. Compernolle

D. Allan J. ConchieChairman of the Committee A. Allen B. Crabtree
S. V. Perry, F.R.S. A. K. Allen C. Crane-Robinson
Treasurer R. P. Ambler D. Critchley
B. Spencer J. C. Anderson A. R. Cross
General Secretary M. Anderson J. Cullimore
D. Robinson P. Andrews
Publications Secretary D. J. Anstee K. Dalziel
G. B. Ansell J. Applin A. Darbre

MeetingsSecretary D. K. Apps C. T. M. Davies
R. H. Burdon, F.R.S.E. l S. J. H. Ashcroft R. M. Denton
Committee A. A.-B. Badawy
M. Akhtar, F.R.S. E. Bailey P. A. Eagles
P. Banks B. E. Banks D. T. Elmore
B. Burchell'* P. C. Bates
N. H. Carey P. Baudhuin D. J. EtheringtonK. S. Dodgson A. Baxter R. W. Evans
T. J. Franklin A. H. Beckett W. H. EvansJ. L. Harwood P. A. Bell
J. A. Lucy A. Berg K. Fantes
P. Lund G. T. Besley E. B. Fern
R. D. Marshall N. Blackburn C. A. Fewson
R. N. Perham J. A. Blair J. B. Findlay
C. F. Phelps A. L. Bloom W. C. Ford
C. 1. Pogsont R. Bonnett J. H. FreerP. J. Quinn A. G. Booth
K. F. Tipton R. F. G. Booth C. G. Gahmberg
A. R. Williamson C. A. Boyd J. A. Gatehouse
Executive Secretary H. G. Bray I. Giles
A. 1. P. Henton I. Bremner B. Gillham

G. Britton J. Glover
D. J. Brock B. D. Gomperts

Ex officio Member of Committee J. H. Brock G. Gouldt Representative of Editorial Board of the Biochemical E. G. BrownJ. GrayJournal
t Representative of Group Secretaries J. M. Brown R. P. Gregory
The Biochemical Society exists to ad- D. Brundish W. E. Gutteridge
vance the science of biochemistry P. Burnetthrough meetings and publications. K. Burdett A. K. Hall
Several meetings a year are held, each at P. J. Butterworth B. Halliwell
a different place; original papers are J. B. Harborne
presented and special topics are dis- K. Cain D. G. Hardie
cussed at symposia and colloquia. R. B. Cain J. J. HardingPersons interested in biochemistry are D. J. Candy C. Harmon
eligible for election as Members. Details A. E. Cass R. A. Harrisonof further facilities accorded to Members. R. A. Chalmers M. F. Heathand forms of application for membership. P. A. Charlwood R. C. Hiderare available from the Executive Secre- J. R. Clamp H. A. 0. Hilltary. The Biochemical Society. 7
Warwick Court. London WCIR 5DP G. M. Clore C. J. Hillyard
101-242 1076 (4 lines)]. P. Cohen R. H. Hinton______________________ R. Coleman . A. R. Hipkiss



Acknowledgement to Referees

P. C. Hirom R. Nicholson P. T. Speakman
C. Holt G. A. Nimmo D. A. Stansfield
D. M. Hunt A. R. Noble P. M. Starkey
J. C. Hutton P. B. Nunn P. L. Storring

R. J. Sturgeon
W. J. Ingledew G. W. Offer I. W. Sutherland

P. O'Neill
A. H. Jackson T. N. Palmer T. G. Taylor

W.' Jacobson S. Panikker F. W. Teale
A. T. James D. V. Parke D. R. Thatcher
S. P. James M. S. Patel R. J. Thompson
P. M. Johnson D. Peacock A. J. Thomson
R. Jones H. R. Perkins M. E. Tischler

J. Kay
T. J. Peters M. A. Titheradge

J. Kelleher D. A. Phipps G. Tomalin
B. Ketterer N. L. Poyser P. W. Trudgill
D. C. Kilpatrick M. Rampling M. K. Turner
M. Kirchgessner W. N. Ramsay J. R. Turvey
N. J. Kuhn D. B. Ramsden D. D. Tyler

M. Richardson
D. L. Laidman D. Rickwood R. Uhing
D. E. Lawson B. Robson
A. Le Cam F. F. Rommerts E. Van Obberghen
A. Lehmann G. D. V. Rossum E. Van Schaftingen
S. Lissitzky P. Royce R. Virden
H. Lucke D. S. Rycroft M. Webb

J. M. Wilkinson
J. Mandelstam Y. J. Schneider K. E. Williams
D. J. Manners J. G. Schofield E. D. Wills
R. D. Marshall K. Selby M. T. Wilson
S. R. Martin S. Shall E. J. Wood
A. P. Mathias P. R. Shewry T. M. Wood
J. E. McKay M. L. Sinnott
C. McMartin D. N. Skilleter A. Yarwood
M. Monsigny T. F. Slater D. W. Young
D. W. Moss B. Speake J. D. Young



X1V Contents

INDEX OF AUTHORS

PAGE PAGE PAGE
Ansell, G. B. 845 Griffiths, J. R. 839 Pietilainen, E. P. 577
Ardawi, M. S. M. 743 Grigor, M. R. 611 Pilley, D. J. 831
Arinze, I. J. 723

Halenda, S. P. 713 Quinlan, D. C. 685
Bennett, J. P. 801 Hassinen, I. E. 577
Benyoucef, M. 529, 539 Hiltunen, J. K. 577 Rees, H. H. 857
Bloor, J. H. 567 Holt, S. 819 Reinhart, P. H. 619
Brass, C. A. 765 Homma, Y. 549 Rigaud, J.-L. 529, 539
Bremer, J. 749 Hiitter, R. 679 Rognstad, R. 851
Brindle, K. M. 583 Rubin, R. P. 713
Bronner, F. 773 Jard, 5T.809
Bygrave, F. L. 619 Jotnes, . T. G. 679 Saggerson, E. D. 667, 673Jutzi, K. 679 ~~~~Sala, G. B. 603
Campbell, I. D. 583 Kanagasuntheram, P. 789 Schwitzguebel, J.-P. 703
Carpenter, C. A. 667, 673 Katz, J. 851 Segal, A. W. 759
Caswell, A. H. 801 Kelley, D. S. 685 Sharma, R. J. 839
Cerny, W. L. 731 Keppens, S. 809 Shidoji, Y. 865
Cervenka, J. 749 Klemperer, H. G. 831 Shipp, D. A. 723-
Chander, A. 651 Klenow, H. 737 Silverman-Jones, C. S. 865
Clandinin, M. T. 631 Kletzien, R. F. 685 Simpson, R. J. 583
Clauser, P. 809 Klohs, W. D. 567 Sneyd, M. J. 611
Cockcroft, S. 801 Spanner, S. 845
Cockle, S. M. 795 Lajtha, A. 659 Strauss, J. F., III 651
Cook, A. M. 679 Leblanc, G. 529, 539
Corstorphine, C. G. 783 Lemons, R. M. 823 Takenawa,T. 549
Cross, A. R. 759 Li, S.-T. 773 Tate, C. A. 695
Cruz, T. F. 631 Taylor, W. M. 619

McHale, D. M. 659 Teo, T. S. 789
Dasmahapatra, A. 567 McMillin-Wood, J. 695 Thoene, J. G. 823
Dean, R. T. 795 Mehta, R. G. 731 Todderud, C. G. 685
De Luca, L. M. 865 Miller, A., III 773 Tomas, F. M. 593
De Wulf, H. 809 M0ller, I. M. 703 Tselentis, B. S. 667
Dunlop, D. S. 659 Moon, R. C. 731

Morgat, J.-L. 809 Vladutiu, G. D. 559

Fernando, A. R. 839 Nagai, Y. 549 Walfish, P. G. 641

Fiodgard, H.
B.61

Newby, A. C. 603 Wals, P. 5Flodgaard,.. 737 Newsholme, E. A. 743 Warren, S. M. 611Foot, M. 631 Nuutinen, E. M. 577 Weiser, M. M. 567
Wolkowicz, P. E. 695

Garcia, R. 759 Osmundsen, H. 749
Geursen, A. 611 Yagura, T. 641
Gomperts, B. D. 801 Palmer, J. M. 703 York, D. A. 819
Greengard, 0. 765 Parameswaran, M. 723
Greenwood, D. R. 857 Peuhkurinen, K. J. 577 Zammit, V. A. 783


