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J. Mol. Biol. (1977) ll2, 535-542 

The Protein Data Bank: A Computer-based Archival File for 
Macromolecular Structures 

The Protein Data Bank is a computer-based archival file for macromolecular 
structures. The Bank stores in a uniform format atomic co-ordinates and partial 
bond connectivities, as derived from crystallographic studies. Text included in 
each data entry gives pertinent information for the structure at hand (e.g. 
species from which the molecule has been obtained, resolution of diffraction 
data, literature citations and specifications of secondary structure). In addition 
to atomic co-ordinates and connectivities, the Protein Data Bank stores structure 
factors and phases, although these latter data are not placed in any uniform for­
mat. Input of data to the Bank and general maintenance functions are carried 
out at Brookhaven National Laboratory. All data stored in the Bank are available 
on magnetic tape for public distribution, from Brookhaven (to laboratories in 
the Americas), Tokyo (Japan), and Cambridge (Europe and worldwide) . A 
master file is maintained at Brookhaven and duplicate copies are stored in 
Cambridge and Tokyo. In the future, it is hoped to expand the scope of the 
Protein Data Bank to make available co-ordinates for standard structural 
types (e.g. ex-helix, RNA double-stranded h elix) and representative computer 
programs of utility in the study and interpretation of macromolecular structures. 

The Protein Data Bankt (1971 ,1973) was established in 1971 as a computer-based 
archival file for macromolecular structures. The purpose of the Bank is to collect, 
standardize, and distribute atomic co-ordinates and other data from crystallographic 
studies. As the number of solved protein and nucleic acid structures has grown to 
the point where some 107 characters are necessary to represent the co-ordinate 
information currently held, the need for such a computer-readable file has become 
very clear, and demands for the Bank's services have increased accordingly. The 
Protein Data Bank is one of several data base activities in the field of crystallography, 
e.g. the Bibliographic (Kennard et al ., 1972) and Structural (Allen et al. , 1973) 
Data Files for organic and organometallic compounds, the Atlas of Macromolecular 
Structure on Microfiche (AMSOM) (Feldmann, 1977), the Bond Index to the Deter­
mination oflnorganic Crystal Structures (BIDICS)t and the Powder Diffraction File.§ 

(a) Scope 

The Protein Data Bank covers atomic co-ordinates, structure factors and phases 
from diffraction studies of macromolecules. Since most of this information is not 
generally published in the primary literature, the Bank depends for comprehensive­
ness on data supplied directly by the investigators. It is essentially a depository of 
data, held in computer-readable form, in contrast to other data banks that are based 

t Protein Data Bank is a misnomer of historical origin, since the file now contains entries for a 
nucleic acid. 

t I. D . Brown, Bond Index to the Determination of Inorganic Crystal Structures, McMaster 
University, Hamilton, Ontario, Canada, LSS 4Ml. 

§American Society for Testing Materials, 1916 Race St., Philadelphia, PA. 19103, U.S A. 
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536 

!DENT 
CODE tDLECULE 

F. C. BERNSTEIN ET AL. 

TABLE 1 

PTOtein data bank holdings 

DEPOSITOR 
STATUS 

CODE 

IADK ADEHYUlTE K INASE G. SCHULZ A 
IADH ALCOHOL DEHYDROGENASE <ADP-R!Bl C.-I. BRANDEN 
ZADH ALCOHOL DEHYDROGENASE (ORTHOPHEHl C. -I. BRAiiDEH 
ZCHA ALPHA-CHYMOTRYPS IN <TOSYll D. BLOW R 
3CHA ALPHA-CHYMOTRYPS IN A. TULIHSKY 
IFAB ANTIGEN BINDING FRAGMENT <HEW> R. POLJAK 
IRE! BENCE-JONES I MMUHOGLOBUL IH REI 0. EPP. R. HUBER 
I CPV CALCIUM-B I HD IHG PARVALBUM IH SET 6A R. KRE TSIHGER 
2CPV CALC IUM- B IHD I HG PARVALBUMIH SET 6H R. KRETS INGER 
3CPV CALCIUM-B IHDIHG PARVALBUMIH SET 61 R. KRETSIHGER 
I CAB CAR BOlli C ANHYDRASE B K. KAIIHAH 
I CAC CARBON I C ANHYDRASE C K . KAHHAN 
! CPA CARBOXYPEPTIDASE A W. LI PSCOMB 
I CHG CH'I'tiOTRYPS I NOGEH J. KRAUT 
2CNA CONCANAVALIN A G. REEKE. G. EDEl MAN ~ 
3CHA CmiCANAVALI N A K . HARDMAN R 
I B5C CYTOCHROI"E B5 F. 5. t~THEWS 
I CYT CYTOCHROME C <ALBACORE, OXIDIZED> R. DICKERSON 
2CYT CYTOCHROME C <ALBACORE. REDUCED> R. DICKERSON 
I CYC CYTOCHROME C <BONI TO. HEARTl M. KAKUDO 
I C2C CYTOCHROME C2 J. KRAU T 
155C CYTOCHROtE C556 R. TI MKOVICH 
I EST ELASTASE H. ~TSON 
I FDX FERREDOX IN L. JENSEN 
IFXH FLAVODOX IN (CLOSTRIDIUM MPl M. LUDWIG 
I GCH GAtV'lH-CHYMOTRYPS IN COHEN. DAVIES . SILVERTON P 
IGPD GL YCERALDEHYDE-3-P-DEHYDROGENASECLOBSTRlM. ROSSMANN N 
2MHB HEhJGLOBIIi <HORSE. AQUO MET> LADNER. HEIDNER. PERUTZ RP 
I DHB HEhJGLOB IIi <HORSE . DEOXY> M. PERUTZ. G. FERMI 
I HHB HEhJGLOB IIi CHU1·1AIL DEOXYl M. PERUTZ. G. FERMI 
IFDH HEI"llGLOB IN (HUMAN. FETAL DEOXYl J. FR IER 
ILHB HEtklGLOB IN <L Aif'REY> W. HENDR I CKSON 
I YHX HEXOK INASE (YEAST> Bill T. STEITZ B 
IHIP HIGH POTEI ITI AL I RON PROTEIN J . KRAUT 
2LDH LACTATE DEH YDROGHIASE M. ROS SMANN PD 
31..DH LACTATE DEHYDROGHIASE/NAD/ PYRUVATE M. ROSSMANN PD 
ILYZ L YSOZYIIE <HEtl EGG-UiiTE . SET W2l R. DIAMOND P 
2L YZ L YSOZYI"E CHEN EGG-Ui ITE. SET RS5Dl R . D l AMOND P 
3L YZ L YS OZYME <HEN EGG-WHITE . SET RS6Al R. DIAtDND P 
4L YZ L YSOZYI"E CHEN EGG-WHITE. SET RS9Al R. D IAI·IOND P 
5L YZ L YSOZYI1E CHEN EGG-Ui!TE. SET RSI2A l R . DIAMOND P 
6L YZ LYSOZ'!'tE CHEii EGG-1.1-UTE. SET RS16 l R. DIAMOND P 
IMDH MALATE DEH YDROGENASE L . BANASZAK A 
I MBN MYOGLOB IIi CSPERtl WHALE> H. ~TSON 
2t13N tiYOGL OI3 I tl (SPERM UiALE. METl T. TAKANO 
3MBtl MYOGL OB IIi (SPERM !..HALE , DEOXYl T. TAKANO 
3PTI PANCPEATIC TRYPS IN INHIBITOR R . HUBER R 
BPAP PAPA IN. II AT I VE J. DRENTH R 
?.PAP PAPAIN C ACE - I~L A-ALA -PHE-ALA. CYS- 25l J. DRHITH 
3PAP PAPIHN CCYS DER IV OF CYS-25> J. DRENTH 
4PAP PAPA III <OX IDI ZED CYS- 25> J. DREIHH 
5PAP PAPA IN CTOS-L YS . CYS - 25> J. DRENTH 
6PAP PAPA ttl CBZOXY- GL Y-PHE- GL Y. CYS-25) J . DREIITH 
7PAP PAPA IN CBZOXY-PHE -ALA.CYS-25) J. DREIITH 
I PGK PHOSPHOGL YCERATE K IHASE <YEAST> H. ~TSOI·I A 
2PGK PHOSPIIOGL YCE RATE K HIASE CHORSEl P. EVAHS. D. PHILLIPS B 
IPAB PREALBUMIH <HUMAN. PLASMAl S . OATLEY. D. PHILLIPS 
IRHS RIBONUCLEASE S H. WYCKOFF 
2RXN RUBREDOX IN L. JEHSEH UD 
I SI·IS STAPHYLOCOCCAL NUCLEASE F. A. COTTON. E. HAZEH 
15GB STREPTOMYCES GRISEUS PROTEIHASE B M. JAMES A 
ISBT SUBTILISIN BPH' J . KRAUT 
2SBT SUBTILISIN NOVO J. DREHTH 
! SOD SUPEROX IDE DISttJTASE J. AND D. RICHARDSON A 
I TLH TI1ERI"()L YS IN <UNREFINED> B. MATTHEWS 
2TLN THERI"()L YS IN <REF IHEDl B. MATTHEWS 
ISRX TIHOREDOXIH B.-0. SODERBERG A 
ITHA TRANSFER RNA <YEAST. PHE> J. SUSSMAN. S.-H. KIM ll 
2THA TRANSFER RNA <YEAST. PHEl M. SUNDARALINGAM P 
3THA TRAiiSFER RNA <YEAST. PHEl JACK. LADNER. KLUG P 
ITIM TRIOSE PHOSPHATE ISOMERASE I. WILSON. D . PHILLIPS 
IPTN TRYPS IN OiATIVE. PHBl FEHLHAI't"ER.BODE.SCH~GER tl 
2PTB TRYPS IH<BENZAMIDINE INHIBITED. PH7l FEHLHA~"ER.BODE.SCH~GER RH 
IPTC TRYPS IH/ TRYPSHI INHIBITOR Cot·f'LEX BODE ET AL. N 

BLANK 
A 
B 
D 
N 
p 
R 

STATUS CODES 

STANDARD ENTRY AVAILABLE FOR DISTRIBUTION 
ALPHA CARBON ATOMS OHLY 
BACKBONE ONLY 
NEW DATA HAS BEEN PROMISED 
NEW EIITRY WITH DEPOS !TOR FOR APPROVAL 
IN PREPARATION 
REPLACES AN OUT OF DATE PARAMETER SET 
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LETTERS TO THE EDITOR 537 

on data ab tracted from cientific publications. The Bank contain · 77 atomic co­
ordinate entries for 4 7 macromolecules (Table 1), t and 13 et of structure factors and 
pha e . The atomic co-ordinate entrie , which include descriptive t ext and partial 
bond connectivities, conform to a uniform format ( ee below), but the structure 
factors and phases are stored in the format received from depositor . All co-ordinate 
entrie are referred to depo itors for verification, before being made available publicly 
through the Bartle 

(b) Record structure of atomic co-ordinate entries 

Atomic co-ordinate entries consist of records each of 80 characters.t Using the 
punched card analogy, columns 1 to 6 contain a record type identifier, and columns 
7 to 70 contain data.§ Columns 71 to 80 are normally blank, but may contain sequence 
information which i added by the library-file management program UPDATE~ 
used to maintain the file on the Brookhaven CDC CYBER 70/76 computing ystem. 
In order to facilitate retrieval of data from the file, the first four characters of each 
record define the unique record type, and the syntax of each record i independent of 
the order of records within any entry for a pa rticular macromolecule. (In the ma ter 
file, thi order is always fixed .) Atomic co-ordinate data contributed by depo itors 
are processed into the standard format with program MACMOL, II which a! o subjects 
the data to certain nomenclature and connectivity checking procedures. 

A ample partial entry for the protein ribonuclease S is shown in Table 2. tt The 
unique code lR S identifying thi ·entry is given in the HEADER record , along with 
the date these data were entered into the Bank, and a provisional classification ba ed 
on function , intended for future u ·ein indexing and subdividing the file. Text giving 
the name of molecule, species from which it ha been obtained, author , literature 
citation , and other genera l description are presented in records COMPND through 
REMARK. EQRES give the amino acid ·equence, and FTNOTE record are 
footnote keyed to particular r idue;; or atom . Record.· HELIX through TURN 
de cribe the secondary structure as stated or approved by the depositor. Record 
CRYST1 define the unit cell , while ORIGX and SCALE re pectively give trans­
formation relating the orthogonal Ang trom co-ordinates stored in the file to those 
originally upplied by the depo ·itor (these frequently are referred to an oblique or 
non-i ometric system) and to standard crystallographic fractional co-ordinates. 
ATOM records give the IUPAC-IUB (1969) standard atom names (IUPAC-IUB, 
1970), and residue abbreviations (IUPAC-IUB, 1971), along with equence identifiers 
(cf. SEQRES, above), co-ordinate in Ang~trom units, and occupancies and thermal 

tIn addition to curren t co-ordinate entries sh own in Table 1, the Bank contains ob olete 
entries (for adenylate kinase tosyl, ex-chymotrypsin, concanavalin A, lactate dehydrogenase, hor e 
m ethemoglobin, papain, rubredoxin, benzamidine-inhibited trypsin and pancreatic t rypsin 
inhibitor), which have been superseded by later, more accurate data. These obsolete data a re 
available on specia l request. 

t Originally, the Bank used a 140-charaoter format, s imilar to that employed in the prote in 
refinement programs of Diamond ( 1966,1971 ). The 140-character format h as been superseded by 
the 0-character format. 

§ A detailed de cription of the file f rma.ts is available from Brookhaven on request. 
Control Data. Corporation, UPDATE R eference Manual, Publication ro. 60342500, Control 

Data Corporation, Arden Hills, Minnesota, 1974. 
II G. J. B . Willia ms, unpublished . For tho 140-ch a racter data., progr·am PROIN by E. F . Meyer 

wa3 ut ilized. 
tt The file is organized in a. s imilar way for proteins and nucle icacids ,a.lt hough certaindiffi rencer; 

exi t, e.g. with regard to de tails of atom and residue names. 
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