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Pro tein struc ture da ta base (PDB) [1] is a pri mary source of
in for ma tion about the struc ture of bi o log i cal macro -
molecules. It con tains al most 20.000 of ex per i men tally de -
ter mined struc tures. About 15 % of them are de ter mined by 
NMR tech niques, 85 % by X-ray crys tal log ra phy (see
Tab.1). 

In spite of the fact that the fi nal cal cu la tions and re fine -
ment of the struc ture with NMR and X-ray data can be per -
formed with the same com puter pro gram (e.g. XPLOR,
CNS [2]) there are sig nif i cant dif fer ences in mean ing and
also in pre sen ta tion of struc ture. 

NMR mea sure ment. Roughly speak ing, the most im -
por tant in for ma tion from NMR mea sure ment is iden ti fi ca -
tion of at oms lay ing near (3 - 6 C) each other in spite of the
fact that they are far along the chain. The fi nal de scrip tion
struc ture is ob tained by search ing for all mo lec u lar mod els
sat is fy ing these ex per i men tal re strains us ing the meth ods
of mo lec u lar mod ell ing. Thus, gen er ally speak ing, the re li -
abil ity of the struc ture model is de rived from a com plete -
ness of the ex per i men tal re strains, and the ex act atom
co or di nates are op ti mized by meth ods of mo lec u lar mod el -
ling. The mo lec u lar struc ture in PDB is de scribed as a num -
ber of  in di vid ual struc tures of ten in ter preted as snap shots
of a mol e cule in move ment.

X-ray dif frac tion ex per i ment. The pri mary re sult of
X-ray dif frac tion ex per i ment is a map of elec tron den sity

av er aged over time of mea sure ment and all struc ture units
in crys tal. How ever, it is re ally never pub lished in this
form. The atomic co or di nates send to the PDB are de ter -
mined as cen ters of  elec tron den sity of in di vid ual at oms.
Mov ing parts of mol e cule cor re spond to ar eas with low or
smashed elec tron den sity. At this mo ment, the X-ray sci en -
tist starts to look for sev eral al ter na tive con for ma tions
which are all re fined un der the  re strain that the sum of oc -
cu pa tion fac tors  is 1. Thus the in for ma tion about mo lec u -
lar move ment is hid den in a sin gle file of atom co or di nates
as al ter na tive con for ma tions for in di vid ual side chains and
also as tem per a ture fac tors B [3] de scrib ing the mean
atomic dis place ment u(C) around the mean po si tions of in -
di vid ual atoms .  The de pend ence of  B on the mean atomic
dis place ment u (C) is ilustrated in Tab. 2.  

An other term some times mis un der stood is res o lu tion.
The pre ci sion of atomic po si tions is not a sim ple func tion
of res o lu tion and de pends on more fac tors. An ap prox i mate 
re la tion be tween the ex pected stan dard de vi a tion of atomic
po si tion and the res o lu tion is il lus trated in Tab.3.

The talk will show complementarity of  X-ray and
NMR tech niques and some rules for work ing with data ob -
tained by X-ray crys tal log ra phy.  
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Pro teins Vi ru ses
Pro tein/NA
Com plexes

Nucleic
Acids

Car bo hyd ra tes De tails of me a su re ment to tal

X-ray 15.507 734 638 14 8.755(i) 16.893

NMR 2.481 89 496 4 1.457(ii) 3.070

To tal 17.988 823 1.134 18 10.212 19.963

Ta ble 1. Num ber of struc tures of bi o log i cal macromolecules de pos ited in the Pro tein struc ture da ta base.The the o ret i cal mod els are not
be ing col lected in the PDB since 2002 (in for ma tion taken  from the PDB Hold ings List: 04-Feb-2003)

(i) De po si tion  of  re flec tion  in ten si ties, (ii) De po si tion of re strains gained by NMR mea sure ment  

B (C) 4 8 16 32 64 128

Mean ato mic dis pla ce ment (C) 0.23 0.32 0.45 0.64 0.90 1.80

Ta ble 2.  Ex act re la tion be tween the tem per a ture fac tor B (C2) and the ef fec tive atom width (the mean atomic dis place ment u (C)).

 B = 8 p2 <u2> .

Re so lu ti on  (C)   5 3.0 2.4 1.9 1.5 1.3 1.0 0.8 0.6 

Ex pec ted e.s.d. (C)  > 3 0.7 0.4 0.2 0.1 0.07 0.05 0.03 0.01 

Ta ble 3. Typ i cal av er age co or di nate in ac cu racy <sx> (mean ex pected stan dard de vi a tion) as a func tion of the limit for dif frac tion mea -
sure ment (res o lu tion). Data col lected from ran domly se lected struc tures found in lit er a ture.


