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S L T M M A R Y

This thesis  descr ibes an at tempt to obta in in format ion about
the  s t ruc tu re  o f  t he  seed  p ro te ins  exce l s i n ,  edes t i n  and  to -
bacco seed g lobul in  by means of  X-ray d i f f ract ion and e lect ron
mic ros  copy .

In  chap te r  1  a  su rvey  i s  g i ven  o f  t he  me thods  o f  X - ray  a -
na l ys i s  wh i ch  can  be  used  fo r  t he  s tudy  o f  p ro te in  s t ruc tu res .
The appl icat ion of  e lect ron microscopy to the invest igat ion of
p ro te in  mo lecu les  i s  i l l us t ra ted  w i th  some  examp les .  The
approach of  Paul ing and Corey to the prote in s t ructure prob-
I e m  i s  a l s o  d i s c u s s e d .

Exce l s i n ,  edes t i n  and  tobacco  seed  g lobu l i n  we re  ex t rac ted
f rom the  b raz i l  nu t ,  f r om hemp seed  and  f rom tobacco  seed
respect ive ly .  The pur i ty  of  the preparat ions was determined
by e lect rophoresis  and by e i ther  the method of  so lubi l i ty  or
an ant igen-ant ibody react ion.  None of  the three preparat ions
was  found  to  be  en t i r e l y  homogeneous .  The  p resence  o f  im -
pur i t ies in  the excels in preparat ion a lso fo l lowed f rom i ts
coppe r  con ten t .

Single molecdles of  the three prote ins could be observed
w i th  t he  e lec t ron  m ic ros  cope .  These  mo lecu les  we re  o f
s p h e r i c a l  s h a p e  w i t h  a  d i a m e t e r  o f  B 0 - 9 0  A .  S i n c e  t h e  r e s o -
lut ion obta inable wi th the inst rument  was only approximately
50  À  some dev ia t i on  f r om the  sphe r i ca l  shape  i s  poss ib le .
The  su r faces  o f  smaL I  d ry  c r ys ta l s  o f  t he  p ro te ins  showed  i n
the  e lec t ron  m ic roscope  a  d i so rde red  a r rangemen t  o f  t he
mo lecu les .  The re fo re  t he  pack ing  o f  t he  p ro te in  mo lecu les  i n
thei r  crysta l  la t t ices could not  be observed in th is  way.  The
d i so rde r  may  be  due  to  an  amorphous  depos i t o f  p ro te in  mo l -
ecu les  on  the  c r ys ta l  f aces  o r  t o  a  co l l apse  o f  t he  c r ys ta l
s t ructure as a resul t  o f  the loss of  water .

X-ray d i f f ract ion of  prote in crysta ls  requi res a narrow
beam to prevent  over lap of  neighbour ing ref lex ions.  Simple
geometr ica l  considerat ions showed that  the best  way to real -
izeth is  beam is  to use the whole tube focus wi th a long col l i -
ma to r  (Hux ley ,  1953 ) .  I t  a l so  appea red  tha t  ro ta t i ng  anode
X-ray tubes are bet ter  su i ted for  X-ray work on prote ins than
mic ro - focus  tubes .

A f la t  f i lm osci l la t ion camera and an integrat ing preces-
s ion  i ns t rumen t  we re  des igned .  Some de ta i l s  o f  t he i r  con -
s t ruc t i on  a re  desc r i bed .  The  p recess ion  i ns t rumen t  was  used
for  accurate in tensi ty  measurements.

Edest in crysta ls  \ /ere found to have a face-centred cubic
uni t  ce l l  ( the t rue pr imi t ive cel l  is  a rhombohedron wi th ar5 =
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60o).  Excelsin and tobacco seed globul in crystals are not ex-
actly cubic since one of the body diagonals of the "cubic"
unit  cel l  is s l ight ly shorter than the other three. The crystal
lat t ice of these two proteins is therefore rhombohedral  with
crh  a  l i t t le la rger  than60o.  The ce l l  d imens ions  and dens i t ies
of the crystals ivere measured as funct ions of the humidi ty.
From the values obtained for the dry state the molecular
weight of the proteins could be calculated because their  mag-
ni tudes were already approximately known. The results are:

molecular  weight  s tandard deviat ion

exce l s  i n
tobacco  seed  g lobu l i n
edes t i n

exce l s  i n

tobacco  seed

edes t i n

3 0  3 , 0  0 0
3 5  0 , 0 0 0
3 6 0 , 0 0 0

1  0 , 0 0  0
2  0 , 0 0 0
2  0 , 0 0 0

From the cel l  d imensions and densi t ies in  the wet  s tates the
wa te r  con ten t  o f  t he  c r ys ta l s  cou ld  be  deduced .  Eo r  exce l s i n
crysta ls  th is  was done for  e ight  d i f ferent  s tates of  humidi ty .
The resul ts  agreed wel l  wi th the values for  the water  content
n reasu red  i n  a  d i rec t  way .

From the fact that the rirombohedral unit cells contain one
prote in molecule,  i t  fo l lowed that  these molecr , r les are ar-
ranged  i n  a  cub i c  c l oses t -pack ing .  The i r  s i ze  cou ld  be  es t i -
matedfrom the d imensions of  the uni t  ce l ls .  For  the drv s tate
the fo l lowins data were obta ined.

e l l i pso ida l  m .o lecu les  w i t h  axes  83 ,  83
and  B0  À

globul in  e l l ipsoidal  rnolecules wi th axes BB, BB
and  82  À
sphe r i ca l  mo lecu les  w i t h  a  d iame te r  o f
8 6 Á .

The  c rys ta l s  o f  exce l s i n  gave  be t te r  X - ray  p i c tu res  t han
those of  the other  two prote ins.  Therefore at tent ion was
espec ia l l y  d i rec ted  on  th i s  p ro te in .  As  i s  a l so  t he  case  w i th
o the r  c r ys ta l l i ne  p ro te ins ,  t he  d r i ed  c r ys ta l s  showed  a  l ess
o rde red  s t ruc tu re  t han  the  we t  ones .  I t  was  remarkab le  t o
f ind that  excels in crysta ls  in  equi l ibr ium wi th a medium of
a  re la t i ve  humid i t y  o f  97 -100 {o  showed  a  bad l y  o rc le red  s t ruc -
ture too.  High qual i ty  X-ray photographs of  excels in crysta ls
could be obta ined only at  a re lat ive humidi ty  between 91 and
97%.  These  pho tog raphs  showed  re f l ex ions  as  f a r  as  d '=2 ,8  L  .

From the aforement ioned behaviour  of  excels in crysta ls
and f rom thei r  speci f ic  vo lume as a funct ion of  the water
content  the fo l lowing conclus ions were drawn.  At  g1lo re lat ive
humidi ty  the prote in n-ro lecules are in  contact  wi th each other
and  the  wa te r  f i i l s  t he  i n te rs t i ces .  F ' r on  91  to  9?% re la t i ve
humidi ty  more water  is  taken up by the crysta l ;  the molecules
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are pushed a i i t t le apart  but st i l l  keep wel l  def ined posit ions
relat ive to each other.  Above 9?fo however,  the high water
content prevents a good l inkage between the protein mole-
cu les .  Be low 91% the  c rys ta l  s t ruc tu re  co l lapses  by  de for -
mat ion  or  shr inkage o f  the  pro te in  mo lecu les .

Since the space group of the excelsin crystals is R32 and
the unit  cel l  contains one protein molecule, these molecules
have to be composed of s ix ident ical  parts.  This requires for
each react ive group a number of s ix or a mult iple of s ix to
be present  per  exce ls in  mo lecu le .  S ix  -SH groups  and s ix
-NHZ groups \Mere found indeed. The number of -NHZ groups
was determined with 4- iodophenyl isothiocyanate. The -SH
groups reacted with si lver and mercuric ions and with the
organ ic  mercur ia l  2 ,5 -d i - (ace ta tomercurymethy l ) -d ioxane
(DMD). From these react ions i t  appeared that the six -SFI
groups were present in the excelsin molecule as three pairs
of two neighbouring groups. The symmetry of the molecule
requires these pairs to be located on the three two-fold axes.

A more detai led structure determinat ion of excelsin fai led.
The Patterson funct ion for the centro-symmetr ical  project ion
showed several  maxima. A number of these maxima have a
mutual distance of 17 À .  Therefore this seems to be an im-
portant distance in the centro-symmetr ical  project ion of the
exce ls in  s t ruc tu re .  No o ther  fea tures  o f  the  pro te in  s t ruc tu re
cou ld  be  deduced f rom' th is  Pat te rson pro jec t ion .  I tT r ia l  and
error" with var ious models did not y ield a good agreement
between ca lcu la ted  and observed in tens i t ies .

I t  was also attempted to apply a direct rnethod of structure
determinat ion. Pervtz and his col laborators, in their  study
of horse haemoglobin, used two such methods, namely the
transform method and the isomorphous replacement tech-
nique. The f i rst  one is not appl icable to excelsin because the
unit  cel l  dimensions do not change suff ic ient ly on drying the
crystals.  The isomorphous replacement method was tr ied
wi th  the  pro te in -mercury  compounds:  exce ls in .3Hg and ex-
ce ls in .6DMD.  The c rys ta ls  o f  these compounds showed the
same ceII  dimensions as the crystals of excelsin i tsel f ,
whereas  those o f  the  compound exce ls in .3DMD were  s i igh t ly
Iarger.  To locate the posit ions of the heavy atoms di f ference
Patterson funct ions were calculated. However,  the results
were not in accordance with the conclusion from the react ions
of the -SH groups, that these groups and the mercury atoms
must be located on or near the two-fold axes. Evident ly the
intensit ies had not only been changed by the contr ibut ion of
the heavy atoms, but also by other unknown factors, perhaps
a distort ion of the protein structure as a result  of  the intro-
duct ion of the heavy atoms. Moreover the mercury atoms
contr ibuted less to the structure factors of the ref lexions
than was to be expected from stat ist ical  arguments.
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The high-angle di f f ract ion pattern of excelsin shows rela-
t i "ve ly  s t rong re f lex ions  cor respond ing  w i th  d  =  4 .7  and 3 .3  À  .
This indicates some simi lar i ty in structure with the f ibrous
pro te ins  o f  the  9- type  fo r  wh ich  Pau l ing  and Corey  (1951)  p ro-
posed the  r rp lea ted  sheet "  mode l  .  I f  th is  mode l  rea l l y  repre-
sents the protein structure, the direct ion of the polypept ide
chains in the excelsin molecules is perpendicular to the
three- fo ld  ax is .
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