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Preliminary crystallographic studies of citrate synthase from an Antarctic psychrotolerant bacterium 
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Abstract 

Recombinant citrate synthase from a psychrotolerant 
bacterium, DS2-3R, recently isolated in Antarctica, has been 
crystallized. The crystals belong to space group P6122 or P6522, 
with cell dimensions a = b = 70.8, c = 307.8 A. Diffraction data 
collected on a s~cnchrotron from a cryoprotected crystal extend 
to at least 2.0 A. Knowledge of the structure of this enzyme 
will add to the understanding of cold activity and thermol- 
ability, and will be of biotechnological interest. Previously, the 
structure of citrate synthase from Archaea inhabiting environ- 
ments at 328 and 373 K, has been reported. This present study 
will extend our understanding of the structural integrity and 
activity of proteins at the temperature extremes of life. 

1. Introduction 

DS2-3R is a psychrotolerant bacterium that inhabits Antarc- 
tica, and, therefore, must posses adaptational mechanisms to 
withstand and flourish in permanently cold temperatures. The 
biotechnological potential of such adaptations has been 
recognised (Herbert,  1992). The enzyme citrate synthase, 
which catalyses the entry of carbon into the citric acid cycle, 
provides a good model enzyme to study structure-activity 
relationships of proteins from extremophiles, as there is a 
wealth of sequence, structural and kinetic data for this enzyme 
from a variety of organisms. 

X-ray structures for the dimeric form of citrate synthase 
have been elucidated for pig/chicken (Remington et aL, 1982, 
Liao et al., 1991), Thermoplasma acidophilum (Russell et al. 
1994), a thermophilic Archaeon that grows optimally at 328 K, 
and Pyrococcus furiosus (Russell et aL, 1997), a hyperther- 
mophilic Archaeon growing optimally at 373 K. Therefore, 
structures exist for citrate synthase spanning mesophilic 
temperatures, through thermophilic to hyperthermophilic 
temperatures. These studies have revealed an increase in 
compactness of the enzyme as you ascend the temperature 
scale and alterations in the subunit interface of the enzymes, 
with a high number of complex ion-pair networks present in 
the hyperthermophilic enzyme. The latter was also observed in 
the hyperthermophilic glutamate dehydrogenase from Pyro- 
coccus furiosus (Yip et al., 1995). To extend this temperature 
range, the citrate synthase from DS2-3R was isolated. The 
characteristics of this enzyme reflect its origin from a 
psychrotolerant host. The temperature optimum for activity is 
304 K and it is thermally inactivated at low temperatures (e.g. 
at 318 K, tl/2 = 8 min). By comparison, citrate synthase from P. 
furiosus has a temperature optimum >363 K, and loses half of 
its activity within 8 min at 373 K. Pig citrate synthase has a 
temperature optimum of 328K, reflecting the common 
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observation that optimal enzyme activity is at higher 
temperatures than the optimal growth temperature. 

The citrate synthases of DS2-3R and P. furiosus share 40% 
sequence identity, and a number of sequence differences have 
been identified which may explain their widely differing 
stabilities and temperature optima. Although molecular 
modelling and sequence analyses have revealed some possible 
determinants of thermolability and cold-activity, such as 
increased flexibility of the protein due to a reduction in the 
number of proline residues, loop extensions and a decreased 
number of ion-pair interactions (Davail et aL, 1994; Feller et al., 
1996), the insights which can be gained from such studies are 
limited. Crystallographic studies have, therefore, been initiated 
to understand the molecular mechanisms behind cold-activity 
and thermolability. 

2. Crystallization and data collection 

The citrate synthase gene was cloned from the psychrotolerant 
bacterium DS2-3R, expressed in E. coli, and the protein 
purified as described by Gerike et al. (1997). Enzyme in 20 mM 
Tris, pH 8.0, 100 mM KCI was incubated for 5 h on ice with 
10mM CoASH and 10raM citrate. Initial crystallization 
conditions were screened using the sparse-matrix method 
(Jancarik & Kim, 1991) by the hanging-drop vapour-diffusion 
method at a protein concentration of 5 mg ml -~. Long bran- 
ched crystals appeared overnight at 293 K in precipitant 14 of 
the Hampton Research Screen II [2 M (NH4)2SO 4, 0.1 M Na 
citrate pH 5.6, 0.2 M Na+/K + tartrate]. Buffers containing 30% 
PEG 4000 as well as 1.6 M citrate pH 5.6 also resulted in 
crystals. Optimization of the latter conditions did not give good 
quality crystals and hence are not further described. 

The protein concentration was varied from 5 to 30 mg ml-  
and showed that with dilution a smaller number of thinner 
crystals appeared. 15 mgml  -~ was found to be the optimal 
concentration in terms of crystal size. Na+/K + tartrate did not 
affect crystal formation and was omitted from subsequent 
trials. Further optimization included the variation of the 
concentrations of (NH4)2SO 4 (1-3 M) and citrate (0-400 raM) 
as well as pH (5.2-6.4). Crystals formed between 1.6 and 2.2 M 
(NH4)zSO4 with 2.2 M being the optimal concentration as 
judged from the occurrence of single unbranched crystals. 
Above 2 .6M (NH4)2SO4 the protein precipitated. The 
presence of citrate was necessary to prevent precipitation. 
Increasing the citrate concentration to 200 mM resulted in 
more crystals but the size and thickness did not increase, 
whereas at 400 mM citrate the protein precipitated. Protein 
precipitation also occurred at a pH < 5.6 and pH > 6.0. 

Different temperatures were investigated showing that low 
temperature (277 K) just increased the time (2 months) of 
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Table 1. Data-collection statistics 

Values in p.arentheses refer to reflections in the outer resolution shell, 
4.04-3.90 A for the in-house data, and 2.16-2.09 ,~ for the Hamburg 
data. 

In-house Hamburg 

No. of measured reflections 47577 293261 
No. of unique reflections 4035 27243 
Resolution (A) 3.9 2.09 
Rmerg e (°/o)t 13.3 (14.8) 5.0 (12.2) 
Completeness (%) 84.6 (88.3) 96.2 (88.3) 
I/or(1) 13.2 (11.4) 23.9 (7.7) 

t Rmerg e = ~ II(k) - (I)1/Y~I(k), where I(k) is the value of the kth 
measurement of the intensity of a reflection, (I) is the mean value of 
the intensity of that reflection, and the summation is over all 
measurements. 

crystal fo rma t ion  with no  di f ference in the  size and thickness.  
The re  was no appa ren t  d i f ference  in the  appea rance  of  crystals 
grown at 293 or 302 K, but  the  best  diffract ion da ta  were  
ob ta ined  f rom crystals grown at the  higher  t empera tu re .  The  
main  goal dur ing  the  opt imiza t ion  p rocedure  was to increase 
the  size and thickness  and reduce  the branching  of the crystals. 
The  first two aims were  not  achieved as the biggest  crystal 
ob ta ined  was 0.05 x 0.05 x 0.2 m m ,  a l though  this p roved  to be 
qui te  adequate .  Crystals of D S 2 - 3 R  have the  habi t  of hexa- 
gonal  rods which are somet imes  hollow. The  crystals used for 

da ta  col lect ion were  grown at 302 K, using 2 gl of enzyme at 
15 mg m1-1 added  to 2 gl of the reservoir  prec ip i tant  which 
compr i sed  2.2 M NH4SO 4 with 20 m M  citrate at p H  5.6. 

Da ta  were  initially col lected at 100 K on an in-house  X-ray 
source  f rom a crystal which had  been  briefly d ipped  into the  
crystall ization buffer  conta ining 45%(v/v) glycerol as a cryo- 
pro tec tan t ,  with freezing condi t ions  der ived  f rom G a r m a n  & 
Mitchel l  (1996).. The  uni t  cell was d e t e r m i n e d  to be a = b = 
70.8, c = 307.8 A,  and the space g roup  to be e i ther  P6122 or 
P6522. The  large c axis l imited the resolu t ion  col lected in- 
house  on  a 150 m m  radius Mar  image-pla te  detector ,  and only 
a 3.9 A da ta  set was able to be measured .  H ighe r  resolu t ion  
data  were  ob ta ined  on s ta t ion X l l  at DESY,  Hamburg ,  using 
radia t ion of wavelength  0.909 ,~, again f rom a flash-frozen 
crystal. The  col l imating slits were  set at 0.15 mm,  and the 
crysta l - to-detector  dis tance to 320 mm,  which gave data  to 
2.09 A resolu t ion  (Fig. 1, Table 1). Da ta  were  processed  using 
D E N Z O  and S C A L E P A C K  (Otwinowski  & Minor ,  1997). 

Ci t rate  synthase  is a d imer  of 2 x 42 kDa;  however ,  the  VM 
value for a d imer  is 1.33 ,~3 Da-1 ,  which cor responds  to a 
solvent  con ten t  of  only 7.5% (Matthews,  1968). Assuming  one  
m o n o m e r  per  asymmetr ic  uni t  gives a VM of 2.67 ~3  Da-1 ,  and 
a solvent  con ten t  of 54%. The  active d imer  mus t  the re fore  be 
gene ra t ed  by a crystal lographic twofold  axis. S t ruc ture  deter-  
mina t ion  using molecular  r ep l acemen t  is in progress.  

This work  was suppor t ed  by a research grant  f rom the 
Chemicals  and Pharmaceut ica l s  Di rec tora te  of the  Biotech-  
nology and Biological  Sciences Resea rch  Council .  Da ta  
col lect ion at E M B L ,  H a m b u r g ,  was suppor t ed  by the 
E u r o p e a n  U n i o n  th rough  the  H C M P  Access  to Large  Instal- 
lat ion Project ,  Cont rac t  N u m b e r  CHGE-CT93-0040 .  

Fig. 1. A 0.4 ° oscillation image from a flash-frozen crystal of DS2-3R 
citrate synthase. Diffraction at the edge of the image corresponds to 
2.09 A resolution. 
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