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• An efficient method  for mounting, we t  protein crystals  for X - r a y  studies.* By MURRAY VERNO~r 
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One of the  problems in X - r a y  diffraction studies of prote in  
crystals  has  been the  moun t ing  of wet  crystals  in equilib- 
r ium wi th  the i r  mothe r  liquors. General ly the  crystals  
have  been sealed in capi l lary tubes wi th  small  port ions 
of mother  liquor, bu t  the  manipu la t ion  of the  delicate 
crystals  is often difficult,  and  the  walls of the  capi l lary 
are often covered wi th  a film of mother  l iquor and  
amorphous  protein,  bo th  of which absorb X-rays .  

An  efficient me thod  for mount ing  wet  protein  crystals  
is described here. I n  this  method,  the crys ta l  is sealed in 
a capi l lary hav ing  a water-repel lent  surface, in such a 
w a y  t h a t  the  mother  l iquor remaining in the capil lary m a y  
be regulated in a m o u n t  and  kep t  out  of the w a y  of the  
X - r a y  beam. The m i n i m u m  amoun t  of mechanical  man-  
ipula t ion is needed for posi t ioning and  o r i en t ing  the  
crystal ,  so t h a t  the  danger  of deforming the  crys ta l  is 
small. 

The glass capillaries used in this  labora tory  are pro- 
duced b y  Pau l  Raebiger ,  Berl in-Spandau,  Franzs t rasse  
43, Germany,  and  m a y  be obta ined from Caine Sales Co., 
3020 N. Cicero Avenue,  Chicago 41, Ill., U.S.A. ; those of 
1.5 mm.  outer  d iameter  were commonly  used. These 
capillaries are made  of h ighly  alkaline soft glass, and  mus t  
therefore be soaked overnight  in concentra ted  acid to 
remove surface alkali.  The capillaries are rinsed and  dried, 
and  then  made  water-repel lent  b y  filling t hem wi th  
Beckman  Desicote, to which 5 % of wet  e ther  has  been 

* Contribution No. 5 from the Protein Structure Project. 

added.  I n  our experience, the  pa r t l y  hydro lyzed  alkyl-  
chlorosilane, produced when  wet  e ther  is added,  gives 
much  be t te r  water-repel lent  films t h a n  does fresh Desicote. 
The capillaries are r insed wi th  toluene, dried, filled wi th  
disti l led water ,  and  hea ted  to 100 ° C. to remove the  last  
t races of unhydro lyzed  Desicote. The form of a capi l lary 
as used is shown in Fig.  l(a). 

A short  steel pin  is cemented to the  bo t tom of t he  
capi l lary to serve as a handle.  A small  f ragment  of f i l ter  
paper  is now pushed down to the  bo t tom of the  capi l lary 
(Fig. l(b)}. Then  the  tube  is filled wi th  the  mother  liquor, 
except  for an  ai r  space a t  the  bot tom.  The size of this  air  
space is ad jus ted  b y  sucking up excess air, so t h a t  the  
meniscus comes a t  the  level where the  crystal  is to be 
posit ioned (Fig. l(c)). A selected crys ta l  is dropped in to  
the  tube  and  allowed to fall down to the  meniscus (Fig. 
l(d)). The crys ta l  m a y  usual ly  be oriented b y  su i tab ly  
t i l t ing  the  tube  dur ing the  descent.  The mother  liquor is 
now sucked out  of the tube  (Fig. l(e)); the  crys ta l  is now 
found clinging to the  wall in approx imate ly  i ts  final 
position, and  m a y  be manipula ted ,  if necessary,  b y  gentle  
pushing.  

The amoun t  of mother  l iquor remaining in the tube  
m a y  be regulated b y  mois tening the  filter paper  a t  the  
bo t tom wi th  a small  volume of the  l iquid (Fig. l ( f ) ) ,  
and  swabbing out  all clinging drops on the  wall wi th  a 
th in  str ip of fil ter paper  (Fig. l(g)). A volume of l iquid 
somewhat  smaller t h a n  the  crys ta l  is usual ly  suitable.  
Too l i t t le l iquid will increase the  danger  of dehydra t ing  
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Fig. 1. Stages in mounting a crystal. (a) The prepared capillary tube. (b) The pin is cemented on and filter paper inserted. 

(c) The tube is filled with mother liquor and the air space adjusted. (d) The crystal is dropped in. (e) The mother liquor 
is removed. (f) The filter paper is moistened. (g) Drops of liquid are swabbed out. (h) The tube is sealed. (i) The completed 
mount. 
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the  crystal ,  while too much  m a y  vaporize and  condense 
a round the crys ta l  in large drops which will absorb 
X -rays. 

Final ly ,  the  par t  of the capil lary containing the crystal  
is wrapped wi th  wet  filter paper,  and  the tube is sealed 
in a micro flame (Fig. l(h)). The only precautions which 

we have  found necessary wi th  the  completed m o u n t  
(Fig. 1(i)) are those agains t  crushing, draf ts  (which m a y  
produce dist i l lat ion of the mother  l iquor and  surround 
the  crystal  wi th  drops of condensate),  and  mechanical  
shocks (which m a y  dislodge the crystal).  
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Previous work b y  Steward (1952) indicated the un i t  cell 
cons tants  of e thanolamine hydrogen d- tar t ra te  as follows: 

a 0 = 8.83±0.03, b 0 = 7.51±0.03, c o ---- 7 .60±0 .03 /~ ;  
fl = 92 °. 

17--=8. 
Dens i ty  (calc.): 5.57 g.cm. -3. 
Dens i ty  (obs.): 5.51 g.cm. -s (18 ° C.). 
Space group:  C~-P2 z. 

The unusua l ly  high densi ty  reported for this  compound 
prompted  us to check these results. The salt  was prepared 
b y  evaporat ion of an  equimolal solution of e thanolamine 
and  d-tar tar ic  acid in 50 % water -e thanol .  Crystals  thus  
obtained were eight-sided prisms, of the monoclinic 
sphenoidal  class elongated along the crystal lographic 
b axis. They  exhibi ted  the pinacoids {100}, {101}, {001}, 
a n d  {10T}, and  were te rmina ted  b y  sphenoids {110}, 
{110} and  {011}. Goniometric measurements  of a typica l  
c rys ta l  are shown in Fig. 1. 
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Fig. 1. Crystal habit. 

The density of these crystals, as determined by the 
s ink-f loa t  me thod  in carbon te t rachlor ide- toluene,  was 
1.52 g . c m .  -8  a t  25 ° C. 

Single-crystal  ro ta t ion  and  Weissenberg pa t te rns  were 
made  us ing nickel-fil tered Cu Ko~ radiat ion.  Measure- 
ments  of these photographs  yielded the following unit-  
cell da ta :  

a 0 = 8.75+0.03, be = 7.47-t-0.02, c o = 7.58+0.02 A; 
fl = 92 ° 4 0 ' ±  10'. 

* This note is published with the approval of the Technical 
Director, U.S. Naval Ordnance Test Station. 

N = 2 .  
Dens i ty  (calc.): 1.538 g.em. -s. 
Space group : C~-P21. 

The molecular weight  calculated from these da ta  is 
229 .2 ,  which corresponds to the monohydra t ed  salt.  
Tha t  this  is ac tua l ly  the  case was demons t ra ted  b y  prepar- 
ing the anhydrous  material .  Hea t ing  a t  105 ° C. for 1 hr.  
resulted in a weight  loss of 7-83?/o (theoretical,  7-86%), 
represent ing one mole of water .  Powder  pa t t e rns  of the  
two compounds were run  w i t h  nickel-filtered Cu Ka 
radiat ion,  using a recording diffractometer,  and  are 
summarized in Table 1. The anhydrous  mater ia l  s lowly 
picked up moisture from the air on s tanding and  rever ted 
to the monohydra te .  

Table 1. Powder diagrams 

Ethanolamine hydrogen Ethanolamine hydrogen 
d-tartrate monohydrate d-tartrate, anhydrous 

(h) XlXo d (a) XlIo 
8.83 0.11 7.82 0.39 
7.55 0.06 6.70 0.22 
5.90 0.41 5.37 0.36 
5.56 0.16 5.06 0.06 
5.33 0.32 4-30 0.22 
4.66 0.12 3.72 1.00 
4.39 0-21 3-61 0-71 
3.89 0.38 3.47 0.38 
3.80 1.00 3.34 0.06 
3.73 0.16 3.27 0.25 
3.56 0.10 3.16 0.07 
3.46 0.14 3.11 0.09 
3.42 0.17 3.07 0.12 
3.33 0.47 3-02 0.10 
3.22 0.14 2-89 0.09 
3"11 0"09 2"82 O'0O 
2.94 0.10 2.62 0.21 
2"85 0.18 2.57 0.10 
2.79 0.46 2-54 0.09 
2.73 0.10 2.48 0.10 
2-67 0-20 2-42 0-25 
2"62 0.20 2"36 0"12 
2"39 0"29 2"33 0"13 
2.31 0"08 2-30 0"12 
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