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In  the  course of an invest igat ion of the s t ructure  of 
protein crystals in progress in this  Labora tory ,  a new 
crystal l ine form of fl-lactoglobulin and  three new forms 
of salts of egg-white lysozyme have been studied.  
Pre l iminary  X- ray  da ta  for these crystals are listed in 
Table l,  together  wi th  per t inen t  da ta  published by earlier 
workers which are included for comparison.  Values for 
the dens i ty  and  water  content  of most  of the new forms 
are also listed. Densit ies were de te rmined  by flotation in 
benzene-bromobenzene  mixtures ,  special care being t aken  
to avoid in teract ion between the crystal  and the f lotat ion 
medium.  The water  conten t  was t aken  as the  weight  lost 
by  the wet  crystals when  placed in an oven at  100 °C. 
for 20 minutes ;  it  is so designated in the  table.  I t  is felt 
t ha t  the error of the  da ta  on unit-cell  dimensions is less 
than  1%, the  error of the  dens i ty  measurements  is less 
than  3 %, and  the error of the a m o u n t  of water  removed 
a t  100 °C. is about  10%. 

Experimental 
fl-Lactoglobulin: Aschaffenberg and his collaborators 
(Aschaffenberg & Drewry,  1955; Green, Nor th  & 
Aschaffenberg,  1956) have shown tha t  fl-lactoglobulin 
is ordinar i ly  a mix ture  (tim) of two components  (ill and  f12), 
which  they  have isolated and  s tudied crystal lographical ly.  
The ill- and  fl2-1actoglobulins were found to form ortho- 
rhombic  crystals t ha t  were near ly  isomorphous wi th  
flm-lactoglobulin. In  addi t ion,  fl2-1actoglobulin was ob- 
ta ined  by t hem in a monoclinic form. 

Dr  H e n r y  Klos te rgaard  of the Division of Biology of 
this  Ins t i tu t e  has now prepared  a new crystall ine form 
of flm-lactoglobulin. This form was obta ined from whey  
by let t ing the fi l trate from a precipi ta t ion at  p H  3.5 
and  NaC1 concent ra t ion  of 14 g. per 100 ml., s tand for 
several days.  The crystals were repeatedly  recrystal l ized 
under  the same conditions.  Reflections were observed 
corresponding to in terp lanar  spacings as small as 4 A. 
Da t a  for the  new crystal  are given in Table 1 along wi th  
similar da ta  from Green, Nor th  & Aschaffenberg (1956) 
for the  monoclinic and  or thorhombic  forms. 

Lysozyme chloride: The prepara t ion  of te t ragonal  and  
or thorhombic  forms of lysozyme chloride has been 
described by Alderton,  W a r d  & Fevold  (1945), and  
crystal lographic da ta  for both  forms have been published 
by  Pa lmer  (1947). In  the  present  work,  the  te t ragonal  
form was prepared  from a 3% solution of lysozyme 
(Armour & Company) a t  p H  4.5 by  the addi t ion  of 5% 
sodium chloride; the or thorhombic  form was similarly 
obta ined  at  p H  10. Reflections have been observed from 
the tetragonal crystals corresponding to minimum spac- 
ings of about 1.7 _~. 
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Lysozyme nitrate: A monoclinic form of lysozyme 
n i t ra te  has been described by Crick (1953). This form was 
crystall ized by  the  procedure  of Alder ton & Fevold  
(1946); a 1% solution of lysozyme was ad jus ted  to 
p H  4.5 by  the addi t ion  of ni tr ic  acid, and  3% sodium 
ni t ra te  was added.  In  this Labora to ry  this procedure  
yielded large flat rec tangular  plates t ha t  gave reflections 
corresponding to spacings as small as 1-9/~. The unit-cell  
parameters  de te rmined  here were the same as those given 
by Crick. However ,  if the  angle fl is rechosen to bring it 
closer to 90 °, photographs  of the  [h/c0], [h0l], and  [Ok/] 
zones show tha t  the  crystal  has a s t rong t endency  toward  
a B-centered s t ructure .  

A new, triclinic form of lysozyme n i t ra te  was crystal- 
lized from a 1% solution of lysozyme containing 2% 
sodium ni t ra te  and  ace ta te  buffer to provide 0 .025M 
sodium aceta te  and 0 .025M acetic acid, the p i t  being 
finally ad jus ted  to 4.5 by addi t ion  of di lute ni tr ic  acid. 
Upon seeding the solution, large prisms were obta ined 
which  gave good reflections to spacings as small as 1" 6 .~. 

Lysozyme iodide: Large flat plates of a monoclinic  form 
of lysozyme iodide were obta ined  by the procedure  of 
Alderton,  W a r d  & Fevold.  The crystals were obta ined 
by the addi t ion  of 3 % sodium iodide to a 1% solution of 
lysozyme at  p H  4-5, and  were very  similar in appearance  
to monoclinic lysozyme ni t ra te .  The reflections were also 
similar in general features to the ni t ra te ,  and  were ob- 
served out  to 2.2 ~ .  

Lysozyme sulphate • Long th in  plates of lysozyme sulphate  
were obta ined after  about  two weeks at  room tempera tu re  
from a solution containing 3% lysozyme, 10% sodium 
sulphate,  and aceta te  buffer to provide 0 . 5 M  sodium 
aceta te  and  0.5 M acetic acid, the pH being adjus ted  to 
4.5 by addi t ion  of dilute sulphuric acid. Reflections were 
observed out  to 2.6 A, and  the  pa t t e rn  showed some 
similar i ty  to t ha t  of monoclinic  lysozyme ni t ra te .  Because 
of the  high concentra t ion  of sodium sulphate  and the  
ex t reme fragil i ty of the  crystals,  it  was not  possible to 
obtain a sat isfactory value for the water  content .  

Discussion 
One of the  more obvious shapes for the lysozyme mole- 
cule tha t  is suggested by the da ta  for the triclinic, mono- 
clinic, and  or thorhombic  forms is one having the  dimen- 
sions 28 × 32 × 30 •. These molecular  dimensions are not  
suggested by the  dimensions of the te t ragonal  crystals.  
I t  is especially interest ing t ha t  the water  content  of the  
te t ragonal  crystals appears  to be significantly greater  
t han  tha t  of the other  forms. Assuming 128 amino acid 
residues per  molecule of lysozyme, one can calculate t ha t  
the average number  of wa te r  molecules per  amino acid 
residue is approx imate ly  3 for the  te t ragonal  forms and  
2 for the  other  forms. 
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I n  a r e c e n t  s t u d y  of p h a s e  t r a n s f o r m a t i o n s  in  v a r i o u s  
si l ica i s o m o r p h s ,  Dach i l l e  & R o y  (1957) f o u n d  t h a t  a t  
p r e s s u r e s  a n d  t e m p e r a t u r e s  u p  to  35,000 a t m o s p h e r e s  
a n d  550 °C., o n l y  BeF~ y i e l d e d  a dense  s t r u c t u r e  corre-  
s p o n d i n g  to  coes i t e -S i0~ .  T h e  c o m p o u n d s  B P 0 ,  a n d  B P 0 ,  BAs04 
BAsO4, a n a l o g o u s  to  si l ica as  SiSiO4, a re  k n o w n  on ly  in  d o (/k) /" d 0 (/k) /" hkl 
t h e  h igh -c r i s t oba l i t e  m o d i f i c a t i o n  (Schulze,  1934), a 
r e p o r t e d  q u a r t z  f o r m  of  BPO4 be ing  sti l l  u n c o n f i r m e d  3.895 s 3.964 m 110 

3.626 m 3.699 s l l I  
(Shafer  et al., 1956). As  c o m p a r a t i v e l y  h i g h e r  p r e s su re s  3.363 vvw 200 
and temperatures are now available for phase transforma- 3.318 w 3.452 w 003 
tion studies, the preparation of the denser polymorphs 3.204 vvw 201 
of t h e s e  ox ides  ha s  b e e n  r e a t t e m p t e d .  T h i s  n o t e  descr ibes  3.060 vs 3.145 vs 112 
t h e  f o r m a t i o n  of n e w  dense  m o d i f i c a t i o n s  of B P O  4 a n d  2.519 vvw 2.598 vw 113 
BAsO4. 2.239 m 2.281 w 300 

B P O  4 was  o b t a i n e d  f r o m  V i c t o r  C h e m i c a l  W o r k s  a n d  2-183 vw 2.228 w 301 
BAsO4 p r e p a r e d  f r o m  a q u e o u s  so lu t i ons  of H3B03  a n d  2.092 m 2.162 m 114 

2.040 w 2.087 vw 302 As~05. C h e m i c a l  ana lys i s  s h o w e d  t h e  p u r i t y  of t h e  t w o  
1.936 vvw 1.976 w 220 

ox ides  to  be > 99.5 % a n d  spec t ro scop i c  ana lys i s  r e v e a l e d  1.941 vvw 221 
t h e  absence  of h e a v y  me ta l s .  T h e  p o l y c r y s t a l l i n e  s a m p l e s  1.852 w w  1-901 vw 303 
were  c o n t a i n e d  in  g r a p h i t e  capsu les  a n d  s u b j e c t e d  to  1.805 vw 222 
p re s su re s  of  85,000 a t m o s p h e r e s  a t  1000-1200 °C. for  1.768 vvw 1.831 w 115 
a b o u t  10 rain.  T h e  c o m p r e s s e d  m a t e r i a l s  were  c rys t a l l ine  1.671 w 223 
a n d  op t i c a l l y  un iax ia l .  R e p e a t e d  a t t e m p t s  h a v e  fa i led  to  1.662 m 1.710 m 304 
p r o d u c e  s ingle  c rys t a l s  of d i m e n s i o n s  > 30 #. M a r k e d  1-527 w 1.568 vw 224 
increases  ove r  t h e  s t a r t i n g  m a t e r i a l s  in  d e n s i t y ,  b y  s ink-  1-485 vvw 1.530 vw 305 

1-448 vw 1.476 vw 411 
f loa t  m e t h o d ,  a n d  r e f r ac t i ve  indices ,  b y  op t i ca l  i m m e r -  1.403 w 412 
sion,  were  f o u n d  (Table  1). N o  t r a n s f o r m a t i o n s  were  1.433 w 216 

1.381 vvw 117 
Tab l e  1. Unit-cell dimensions,  density and refractive 1.339 vvw 1.357 vvw 413 

indices of dense B P O  4 and BAsO4 1.333 vvw 306 
1.280 vvw 1.307 vvw 331 

BPO4 BAsO4 1.260 vw 1.296 vw 226 
a o (A) 7.75 i 0 . 0 2  7.91 ±0 .02  
c o (A) 9.95 i 0 . 0 2  10.32 ±0 .02  
Co/a o 1.29 1.31 

N (molecules/unit  cell) 9 9 
@X-ray (g.cm. -~) 3"05 3.98 
~Oobs. (g.cm. -3) 3"05 =t=0"05 3-9 -t-0-2 

co 1 '636±0.002 1"740±0"002 
e 1"648+0"002 1"748-t-0"002 

o b s e r v e d  b y  h e a t i n g  t h e  dense  ox ides  in  air  a t  100 °C. 
for  24 hou r s .  T h e  X - r a y  p o w d e r  d i f f r a c t i o n  d a t a  for  b o t h  
c o m p o u n d s ,  o b t a i n e d  f r o m  D e b y e - S c h e r r e r  a n d  spec t ro -  
m e t e r  m e t h o d s ,  a re  s imi la r  a n d  can  be i n d e x e d  on  t h e  
bas is  of a h e x a g o n a l  u n i t  cell, t h e  d i m e n s i o n s  of w h i c h  
are  p r e s e n t e d  in Tab l e  1. T h e  s p e c t r o m e t e r  d a t a  are  g i v e n  
in  T a b l e  2. T h e  cola o r a t ios  are  a p p r e c i a b l y  d i f f e r en t  f r o m  
t h o s e  of a - q u a r t z  (1.10) a n d  coes i te  (1.73). H o w e v e r ,  
a l l o w i n g  for  t h e  d i f f e rences  b e t w e e n  t h e  S i -O  a n d  B - O ,  

T a b l e  2. X - r a y  powder diffraction data for  dense 
B P O ,  and B A s O  4 

(Co Ka,  ~ = 1.5405/~) 

P - 0 ,  a n d  A s - O  b o n d  l e n g t h s ,  t h e  v o l u m e s  of i n d i v i d u a l  
B P O  4 a n d  BAsOa g r o u p s  are  a p p r o x i m a t e l y  equa l  to  
tha~ of 2 SiO~ in a - q u a r t z .  
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