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SI]MMARY

T h i s  t h e s i s  d e a l s  w i t h  t h e  c r y s L a l  s t r u c t u r e  d e t e r m i n a t i o n  o f

t he  comp lex  o f  p -hyd roxybenzoa te  hyd roxy lase  (PHBH)  and  i t s

subs t ra te ,  p -hyd roxybe Í zoa te  by  X - ray  c r ys ta l l og raph i c  me thods

a t  a  n o m i n a l  r e s o l u t i o n  o F  2 . 5  8 .

p -hyd roxybenzoa te  hyd roxy lase  .

P H B H  i s  a n i n t r a c e l l u l a r  b a c t e r i a l  f l a v o - e n z y m e .  I t  c a t a l y z e s

r h a  h r z Á r n w r r l e r i n n  n t  n - h v r l r n w v h o n z n i o  a o i À  r ' n t n  
- l  

/ ' - ' l i h ' , ' l r ó * '. . - r u  r i r L U  J r +  u r r r y u r u ^ Y -

b e n z o i c  a c i d :
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ud \--l

oo /=\
, c<(  )Fou *  NADp-  +  H.o

Hd\<  t
OH

T h e  r e a c t i o n  i s  c a t a l y z e d  v i a  a  n u m b e r  o f  s e p a r a t e  s t e p s .  T h e

r e d u c t i o n  o f  F A D  o c c u r s  o n ) y  a f t e r  t h e  e n z y m e - s u b s t r a t e  c o m -

p l e x  h a s  b e e n  f o r m e d  r h ^  r o : n t ; ^ '  ^ F  n  ' ' :  È L  D l n u
2  

w r t n  i A U H 2  o c c u r s  o n l y

a f t e r  N A D P ' h a s  b e e n  r e a l e a s e d  f r o m  t h e  r e d u c e d  e n z y m e .  I n  L h e

I n L r o d u c E i o n  o f  E h i s  L h e s i s  t h e  v a r i o u s  s E e p s  a r e  d í s c u s s e d  i n

m o r e  d e t a i l .

T h e  e n z y m e  e x i s t s  i n  s o l u t i o n  a s  a  d i m e r ; E h e  m o l e c u l a r  w e i g h c

o f  one  subun i t  i s  43  000 .  No  S -S  b r i dees  have  been  demons t ra ted .

T h e  c r y s t a l s .

P H B H - c t y s t a l s  g r o w  i n  0 . 1  M  p o t a s s i u m  p h o s p h a r e  b u f f e r ,  p H  =  7 . 5 ,

wi th 1 mM p-hydroxybenzoate.  Anrnonium sulphate is  added to 397.

sa tu raÈ ion  and  0 .002  mM FAD.  0 .15  m I Í  EDTA and  0 .1  mM reduced
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leternination of

,PEBE) and its

.ographic methods

.  I t  catalyzes

o 3,4-dihydroxy-

ràte steps. The

iubstrate com-

[ADE, occurs only

I enzyne. In the

rre discussed in

.gcular weight

reen demonstrated.

.bu f fe r ,  pH =  7 .5 ,

ls added to 392

i l dÍ reduced

glutathion are present as stabi l izing compounds. The space

group is  c222r Ín í t } -  ce l l  d imens ions  o f  a=  7 l .z  8 ,  u  =  146.48 '

and c = 88.6 8. The asymetric unit  contains one subunit.  I t

has been shown that the PIIBH crystals exhibit a residual enzym-

atic act ivi ty in their mother Líquor.

Data col lect ion.

Ihe dif fract ion data was col lected according to the osci l latíon

method. In this method the ref lect ions are recorded on a f lat

f i lm, perpendicular to the X-ray beam, while the crystal is

rotated or osci l lated over a snal l  angle about an axis, Í^7hich

is perpendicular to the X-ray beam and which is paral1e1 to the

fi lm. A great number of ref lect ions are recorded on a f i lm only

par t ia l l y  ( "par t ia ls " )  .

An important feature of this osci l1ation method is, that the

intensit ies of ref l-ect ions which are recorded part ial ly on two

contiguous filns can be obtained by adding the intensities of

the two corresponding Part ials.

I t .  ís knor,m that the optical density of an exposed f i ln is only

up to a certain value linearly related to the intensity Óf the

incident X-ray beam. This non-linearity was corrected for with

a cal ibrat ion curve.

Various calculat ions have been carr ied out to check the re-

l iabi l i ty of the anpli tudes calculated frorn combined partíals'

ïhe results sho\,í that these amplitudes do not systematically

deviate from the ampli tudes derived from data which were re-

corded on one f ikn. The variance of the combined part ials is on-

Iy sl ightly larger than the variance of the ful ly recorded data.

No .absorbtion correction has been applied. Ihis would have been

an ímprovement because various observations suggest that syste-

rnatic variat ions in the anpli tudes are introduced ê.g. due to

the absorbtion by the glass capi l lary.
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2 3  c r y s t a l s  h a v e  b e e n  u s e d  f o r  t h e  c o l l e c t i o n ,  w i t h  t h e  o s c i l -

l a t i on  camera ,  o f  f ou r  da ta  se t . s .  The  da ta  o f  d i f f e ren t  f i lm

packs  wh i ch  t oge the r  f o rm  one  da ta  se t  we re  sca led  w i t h  r espec t

t o  each  o the r  acco rd i ng  co  t he  re f i nemen t  p rocedu re  o f  Ham i l t on ,

Ro l l e t t  and  Spa rks  by  r e f i n i ng  a  r e l a t i ve  sca le  f ac to r  and  a

re l a t i ve  t empe ra tu re  f ac to r .

The  i nne rmos t  r e f l ec t i ons ,  w i t h  a  r eso lu t i on  be tween  73 .2  R

and  23  I  r " t .  ob ta i ned  by  Eak ing  p recess ion  pho tog raphs .

Ref inement of  the heavy atom parameters and determinat ion of

t he  phase  ang les .

The protein phase angles \^rere obtained by the method of  mul-

t i p l e  i somorphous  rep lacemen t  and  anoma lous  sca t t e r i ng  (M IRAS) .

The  t h ree  heavy  a tom de r i va t i ves  con ta i ned  p - ch lo romercu ry ( I I ) -

benzoa te ,  e thy lme rcu ry ( I I ) phospha te  and  sod ium go ld ( I ) d i cyan ide

respec t i ve l y .  The  heavy  a tom pa rameEers  we re  i n i t i a l l y  r e f i ned

by  t he  Rossmann  p rocedu re  and  subsequen t l y  by  t he  l ack -o f -

c l osu re  e r ro r  me thod .

The  s i ze  o f  t he  anoma lous  d i f f e rences  and  t he  s í ze  o f  t he  e r ro r

i n  t he  amp l i t udes  a re  app rox imaEe l y  equa l .  Howeve r ,  by  ca l cu l a -

t i n g  K r a u t - F o u r i e r s  f r o m  d a t a  i n  d i f f e r e n t  r a n g e s  o I  i n c r e a s i n g

reso lu t i on  i t  cou ld  be  shown  t ha t  t he  anoma lous  d i f f e rences  o f

the heavy atom der ivat ive data sets contained useful  inform-

a t i o n  e v e n  a t  a  r e s o l u t i o n  b e t t e r  t h a n  3 . 0  8 .

The  f i na l  e l ec t r on  dens i t y  map  was  ca l cu l a ted  w í t h  13221

re f l ec t i ons ,  wh i ch  i s  802  o f  t he  max ima l  poss ib l e  number  o f

r e f l ec t i ons  i n  t he  asymmet r i c  pa r t  o f  t he  2 .5  I  r esoLu t i on

sphe re .  652  o f  t he  poss ib l e  da ta  be t r , r een  2 .8  I  and  2 .5  I  was

inc l uded  i n  t he  f i na l  ca l cu l a t i ons .  The  Fou r i e r  was  ca l cu l a ted

us ing  t he  "bes t "  phases .  The  mean  f i gu re -o f -me r i twas  0 -74 .

The  s t r uc tu re  o f  PHBH,

boundar ies of  the subuni t  could be t raced unambiguously in

e l ec t r on  dens i t y  map .  The  FAD cou ld  be  recogn i zed  eas i l y .

cou rse  o f  t he  ma in  cha in  was  c l ea r  i n  mos t  r ee ions  and  a l l
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. ec t i on ,  w i t h  t he  osc i l -

lata of  d i f ferent  f i lm
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rnE'procedure of  Hami l ton,

ve scalê factor  and a

ut íon berween 73.2 R

síer  photographs.

aod deterninatíon of

ry: the method of  mul-
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sc id ium gold ( I )  d icyanide

wete in i t ía l ly  ref ined

ly 'by the lack-of-

d the s ize of  the error

[ . .Howeve r ,  by  ca l cu l a -

r t 'Èanges of  increasing

xdalous di f ferenees of

rined useful inform-

08 .
.e têd  w i rh  13221

possible number of

2 .5  I  reso lu t ion

2.8 I and 2.5 I was

otbi"r was calculared

of-meritwas 0-74.

lcèd unámbiguously in

r  tecogn ized eas i l y .

roost regions and a1l

electron densi ty is  used in the interpretat ion of  the map. The

60 .am ino  ac i ds  a t  t he  N - te rm inus  f r om wh i ch  sequence . i n f o rma-

t i on  i s  ava i l ab l e  do  f i t  i n  t he  e l ec t r on  dens i t y .  Howeve r ,  i t

cannot be excluded that  in a few regions elsewhere the main

chain connect iv i ty  wi l l  turn out  to be di f ferent  f rom the

present inËerpretat ion.  Therefore only a tentat ive number ing

scheme can be presented.  Also the hydrogen bonds have not  yet

been  ass igned .

A Kendrew-Llatson polyalanine model  consist ing of  388 amino

ac ids  has  been  bu i l t  i n  a  "R i cha rds -box " .

The subuni t  has approximately the^shape of  a recËangular  pr ism

w i th  d imens ions  o f  70  x  50  x  45  8 r .  Nea r  a  c r ys ta l l og raph i c

t \ íofo ld axis numeroud interact ions between neighbouríng sub-

uni ts índicate the intersubuni t  contact  region of  one molecule

The  f o l d i ng  o f  t he  po l ypep t i de  cha in  has  resu l t ed  i n  a  s t r uccu re

in which Domain I I  and Domain I I I  can be recognized rather un-

ambiguously,  Three,  non-adjacent parts of  the sequence form

Domain I .

167" of  the residues o.ccur in one paral le l  and th ' ree ant iparal-

l e l  g - shee t s .  267 "  o f  t he  am ino  ac i ds  f o rm  e igh t  he l i ces ;  r he

two  l onges t  he l i ces  cons i s t  o f  5 . 5  and  7  t u rns  r espec t i ve l v .

FAD is bound in an extended conformat ion.  The AMp moiety b inds

near a BaB fo ld i i ig  uni t  in an equivalent  manner to that  in

lactate dehydrogenase.

The isoal loxazine r ing presumably points wi th i ts  d imethyl-

benzene end to the solvent

The  N (5 ) -edge  o f  t he  i soa l l oxaz ine  r i ng  po in t s  t o  t he  subsEra te

mo lecu le ,  wh i ch  i s  bound  deep  i ns i de  t he  subun i t .  A  con fo rma-

t ional  change seems to be necessary before the substrate can

dissociate f rom the su:buni t .  This is  in agreement wi th the ob-

servat ion that  the cel l  d imensions change when crystals are

soaked  í n  mo the r  l i quo r  w i t hou t  subs t ra te .



The  b i nd ing  s i t e  f o r  NADPH and  0 ,  has  no t  ye t  been  esËab l i shed .

I t  is  postulated that  both the pyr id ine-moiety of  NADPH and

the O, molecule b ind in the same smal1 pocket  near the iso-

a l l oxaz ine  r i ng .  Th i s  pocke t  i s  access íb l e  v i a  a  l a rge  g roove ,

which div ides the subuni t  in t r^ /o lobes.
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