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IUPAC-IUB Commission on Biochemical Nomenclature 

Abbreviated Nomenclature of Synthetic Polypeptides 
(Polymerized Amino Acids)* 

Revised Recommendations (197 1) $ 

The iiiinieroiis studies on the physical, chemical, aiid biologi- 
cal properties of synthetic polypeptides have brought with 
them different ways of describiiig, i i i  abtireviated form, these 
products whose structures are often iirconipletely known. The 
iise of a variety of ~iomenclatiires complicates the l i terature;  
heiice, a coiisistcnt and clearly defined system for iiainiiig s u c h  
polypeptides is desirable. The  proposals set forth here, which 
represent the curiselisus of many discussioiis and suggestioiis, 
should aid i n  systematizing the iiomenclature of a wide variety 
of synthetic polypeptides. 

These proposals are based i i i  large part  on the abbreviated 
~iomenclature devised by Gill (2) and by Sela (3) aiid o thers .  
They utilize the symbols aiid coiiventions set  forth i i i  Sectioii 3 
of “Revised Tentative Rules for Abbreviations and Symbols of 
Chemical Names of Special Interest  iii Biological Chemistry” 
(4) and in “Abbreviated 1)esignation of Amirio Acid 1)eriv:i- 
tives arid Peptides” ( 5 ) ,  and they add only those ternis or ~ ( i i i -  

ventions needed for the specification of polymers b i i t  r i o t  eii- 

compassed by these schemes. 
The  symbols arid coiiventions of the previous ”Teiit:itive 

Rules” (4, 5 )  used iii this ~iomenclature system are summarized 
as follows. The symbols of the amiiio acid residues and their 
derivatives or modificatioris are those indicated i n  the “Teiita- 
tive Rules” ( 4 , 5 )  or formulated accordiiig t o  the  principles set 
out in t h e m  Hyphens or commas betweeii the symbols for 
residues or groups of residues indicate kri,o\vii or unkno~vii se- 
quence, respectively, and involve only the a-XIIa aiid a-COOI-I 
groups (the peptide lirik). Commas may be omitted wheii 

* Document of the  IUPAC-IUB Commission on Biochen- 
ical Nomenclature (CBK) , originally approved and published 
by IUPAC and IUB in October 1967 ( l ) ,  and again, in the pres- 
en t  revised form, in 1971, approved and published by  permis- 
sion of the International Union of Pure and Applied Chemistry 
and the  International Union of Biochemistry. 

Comments on these Recommendations may be sen t  t o  any 
member of CBN:  0. Hoffmann-Ostenhof (Chairman),  W.  I?. 
Cohn (Secretary), A .  E .  Braunstein,  P .  Karlson, B. Keil ,  W .  
Klyne, C .  LiBbeeq, E. C. Slater,  E. C. Webb, W.  J. Whelaii. 

Reprints of these Recommendations may be obtained from 
Waldo E. Cohn, Director, NAS-NRC Office of Biochemical 
Nomenclature, Biology Division, Oak Ridge National Labora- 
tory,  P .  0. Box Y, Oak Ridge, Tenn. ,  37830, L. S. A .  

$ This revision differs from the  original (1) essentially in the 
addition of comments after Recommendation 1 (marked with 
A in the margin) and in the relevant “Examples.” These re- 
visions were made t o  conform with the practices in polymer 
chemistry and were recommended to  CBN by the IUPAC Com- 
mission 011 Macromolecular Nomenclature (IUPAC Informa- 
tion Bulletin, Appendices on Nomenclature, e tc . ,  No.  13, Feb- 
ruary 1971) and t h e  Komenclature Committee of the Divisioil 
of Polymer Chemistry of the  American Chemical Society (see 
Macromolecules, 1,  193, 1968). Minor revisions are indicated by 
A .  

other symbuls ( e . ! / .  subscripts o r  siiprr,srripts) sep:ir:ite syi11- 

tiols i i i  uiikiiowii seqiieiices. l’e~,ti(>:il strokes iiitlicatc cov:kletit 
l ioi ids iiivolviiig fiuictioiial groiips or the reni:iiiiiiig 1 1 - n t o n i  of  
the peptide t ~ o i l d ,  depeiiding ripoii t h e i r  pl:iceriieiii ( 5 ) .  
i , -An~i i io  acids ai111 a-peptide liiiks, rend f rom left (XI12 tcrnii- 
r i i i s )  t o  right (COO11 t e rn i i i i~~s ) ,  :ire :i~.s~inie.d i i i i l r s s  i~iclic~:~trd 
otherwise ( 4 ,  5 1 .  

Definitions 
A 1. Linear I’oljmer: . i l l  : i m i n ( i  acid residucs (cciiist itiiti(in:rI 

iiiiits) are liiiked i i i  mi iuihra~iched chniii. 
2.  Block: -4 polynier that  forms a t1isti1ic.t pari of :1 1:irger 

polymer (P,(/, a tilock or graft polymer may ui~itaii i  scvcral 
blocks). 

3 .  G m f t  I’oljnier: Oiic 01’ more bltrc.ks are liiiketl 1 i i  the 
fiiiirtioii:il groups of :I l inear polymer, thiis rreatilig :I br:iiirh 

or braiiches. (Fii i ict  iiiiial groups iiiclude e-NII,,p- o r  y-COOII,  
rtc’., aiid the remairii~ig 11-atom of i i i i  a-peptide l i n k . )  
4. Block Polymer: T w o  or more specics of block arc liiiketl 

t o  form a larger liiienr polymer. 

Reconimendations 
1. I k s i g n a t i o ~ ~  of Blocks or Linear I’oly~nerr.  The prc’- 

fis “poly” or the subscript ~i indicates “polymer of”. It is a t -  
tached to  each maiii chaiii and is repeated i i i  each block \yithiii 
R larger polymer iiiiless there is sufficieiit indic:itioii of  size a i i d  

of struetiire to makc this repetition uiinecessnry. For esi in-  
ple, poly((;111) o r  ( ( ~ I U ) ~ ,  represent poly(g1ntaniic~ ac id) ,  : ~ i i ( I  

(C l lu )~~ ,  a decapeptide of glutamic a c i d .  “Oligo” niriy rep lac^ 
“poly” for short Chaiiis. 
Comments 

a) 71 replaces the p as origirially, bu t  110 longer, used in thr 
polymer iiomeiiclatiire scheme devised by the IUPAC Sul)ron- 
missioii 011 the I\;onieiiclature of NacroInolec‘ules ( G ) ,  It is 
used i i i  desigiiatiiig polyiiiicleotides ( i ) ,  and i t  is choscii i i i  

place of p i i i  o rder  t o  avoid confusioii with the  “11” iiscd for :I  

termilia1 phosphoric residue i i i  the la t te r  schenie. The t /  may 
he replaced by :i tlefiiiite iiiimber ( e .y .  10 :ihove), aii :ivcragc 
ir2.y. io), or :I r:iiige (e .g.  8-12): as appropriate. ITo\vever, t w o  
11’s should r iot appear i i i  the same formula unless equal lerigth 
is implied. \%‘hell equal length is not the case, different letters 

A should be used, siirh :IS m ,  j ,  k .  
h )  If “poly“ is iised rather thaii the subscript I I ,  t h c  SJ’III- 

A bo1 i s )  followiiig “ p ~ l y ”  should he enclosed i i i  parentheses i \ - i th  
iio iiiterveiiiiig space, c . g .  poly (Lys) .  
a single, simple word, the whole is written as orir m r t l ,  e . g .  
polylysine. If what follows “poly” is complex, i t  should b r  
enclosed i i i  parentheses (agaiii without following spare) ,  c . 0 .  
poly(amiiio ac id) ,  not polyaniirio acid or polyamiiioac~id; 
poly(g1utamic acid 1 or polyglutamate, bu t  not polyglutamic 

If “poly” is follon-et1 
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acid; poly(Dr,-alatiirie,r.-lysitie) for the substance shown in 
1,:xample 2;  anti poly(or,-alaiiirie-I,-lysine) for the substance 
showii i t t  I’xample 3. The  format poly(r,-lysine) is preferred 
to poly-I.-Iysitie, i.e. 1.-lysine is regarded as  a complex term. 
Similarly, poly(hydroxyproline), tiot polyhydroxyproline. 

2.  Ihsignation of Branches and Branch Points. 
Braiiches (side chains) coiitiected to  the maiii chain can be 
tlesigrtated i t i  one of three ways: by a vertical line joining the 
niaiii chain and the branch (side chain);  by an  extended bond 
joiniiig the appropriate residues with the main chain written 
first; o r  by a horizontal double dash (not preferred). 

The  branch points are indicated by the origin and terminus 
of the vertical liire. If the origin is unknown, the line origi- 
iiates at. the “p” i t i  “poly,” if “poly” is used, or a t  the first 
parenthesis (bracket) ,  i f  the subscript n is used (see Recom- 
metidatioli 1 ) .  If the origin is known, the line originates: (a) 
vertically a t  the itiitial let ter of the appropriate symbol, i f  
functioiial groups other than a-NII2 or a-COOII residues are 
involved; (h)  vertically a t  the position of the appropriate link, 
i f  sitbstitutioii for the remaining H-atom of a peptide link is 
iiivolved; or (e) horizontally to the left or right of the symbol, 
respectively, i f  CY-”, or a-COOK groups are involved. The 
same rules apply to  the termination of the line. Thus ,  the 
linkage between a side chain functional group and an a - N H 2  
or a-COOII group in the main chain is indicated by two per- 
pendicular lilies with the vertical line originating in the func- 
tional group and the horizontal line in the a - S H ,  or a-COOII 
group. h number in parentheses lying beside the line indi- 
cates the number of such links per 100 residues of polymer, i f  
k l l o w l l .  

Comment 
.4 limitation of the double dash as  a connecting link lies in i ts  

inability to originate or to  terminate definitively in a specific 
residue. Either the arrangement of the symbols must be such 
that contiected ones are adjacent,  or the information must be 
given independently. 

3 .  Block size. .4 superscript outside the parentheses en- 
closirig a block indicates the number of repeating sequences 
per 100 residues of polymer, atid it is given to  the first decimal 
place. 

1. The %lolar Percentage of a single type of amino acid 
residiie within a copolymer, derived from the amino acid anaiy- 
sis aiid assuming copolymerization, is indicated by a super- 
script  attached to  the symbol of the residue. The molar per- 
centages are given in whole numbers and should total  99 to  
1015;. 

Examples 
1. Simple homopolymer: 

poly(A1a) or (Ala),, 

2.  Linear copolymer, uiiknown sequence, composition not 
Specified : 

poly(DLAla,Lys) or  ( ~ ~ A l a , L y s ) , ~  

3 .  Linear copolymer, regular alternating sequence. 

poly(DLAla-Lys) or ( ~ ~ A i a - L y s ) , ,  

4 .  Linear sequence of urikiiown order [Composition: 56% 

(a )  p o l y ( G 1 ~ ~ ~ L y s ~ ~ T y r ~ )  or ( G l ~ ~ ~ L y s ~ ~ T y r ~ ) ,  (all L )  

(b )  poly ( ~ G l u ~ ~ ~ L y s ~ ~ T y r ~ )  (only T y r  is L)  
(c) p o l y ( ~ ~ G l u ~ ~ L y s ~ ~ ~ T y r ~ )  (G~LI  is DL, Ty r  is D) 

Glu, 3S5; Lys, and 6y0 T y r  (Z = 10070)]: 

5. Block polymer of poly(G1u) combined through the  
a-COOII terminus to  the a-NHz terminus of poly(Lys) [Com- 
position: 56% Glu, 44% Lys (Z = 10074))l: 

po ly (Gl~~~) -po ly (Lys44)  or (GluS~),-(Lys44), 

ti. (a)  Known, repeating sequence (a polymer of Glu-Lys- 
Lys-Tyr) . 

poly (Glu-Lysz-Tyr) or (Glu-Lysz-Tyr),, 

(b) Known, repeating sequences within each of two con- 
s t i tuent  blocks of a linear polymer [Composition: 3 7 . 5 7 ,  Glu, 
25% Lys, 25% Tyr,  12.57, Ala (Z = loo%)]. 

poly ( Glu-I~ys)*s-poly (AIa-Tyrz-Glu)l2 6 

or 

(Qlu-L ys)?-(Ala-Tyrz-Glu)2 

[The connection between the polymeric segments shown here 
is from the a-COOH of Lys to  the a-NH2 of Ala. Origin or 
termination in any  other residue or functional group can be 
shown by rearranging the order of residues and by the orienta- 
tion of the  connecting line a t  its origin and terminus (see Exam- 
ples 7 ,  8, and 91.1 

(e) Known, repeating sequence in the main chain connected 
by the e-”? of a lysine (which of the two is not known) t o  an  
unknown point in an unknown sequence in the side chain [Com- 
position’ 30% .4sp, 55% Glu, 10% Lys, 5% Tyr  (Z = l007c)]: 

poly (Asp3oG1~5O) (Asp=GIu60), 
or I 

(Glu-Lysn-Tyr ): 
I 

poly(Glu-LysnlTyr) 5 

I I 
or poly (Glu-Lysz-Tyr)5 poly (AspmGIu50) 

I I 
or (Glu-Lysz-Tyr)i (Asp3OGl u50) 

(Note : The double hyphen system is not applicable here.) 
If i t  is known which lysine residue is connected to  the side 
chain, the main chain would be writ ten in the form, 

poly(GIu-Lys-Lys-Tyr)5 or poly(Glu-Lys-Lys-Tyr)6, 
L 1- 

as  appropriate. 
7 .  Graft polymer with the main chain of DL-alanine and 

L-lysine connected through the e-”, group of lysine to  the  
a-COOH group of L-tyrosine in the side chain, which consists 
of a block polymer of L-tyrosine and L-alanine (no analytical 
da t a  for the main chain):  

poly (hla)-poly (Tyr)- (A41a)n-(Tyr)m 7 ! or 
poly (Dr,Ala,Lys) (uLAla,Lys), 

I 1 
or poly(DLAla,Lys) poly (Ala)-poly (Tyr)- 

or poly (mAla,Lys)--poly (Ala)-poly(Tyr) 

(Note:  The  points of attachment of Lys and T y r  cannot be 
specified in the last example.) 

8. Graft polymer with an unknown s.equence in the  main 
chain and in the  side chain [Composition: 167, Lys ,  20% Ala, 
35Y0 Glu, 29% T y r  (Z = 10070)] : 

(a) Xumber and position of the points of attachment in the  
main chain unknown, bu t  terminating in the lysine residues of 
the side chain: 
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(b)  Same, but attachments are 3 in number and connect the 
t-NH2 groups of the  lysine residues in the side chain and the 
T-COOH groups of the glutamic acid residues i n  the  main 
chain : 

poly iLys16Ala20) (Lysl6Ala*0), 

poly (G1~35Tyr2B) ( G 1 ~ 3 5 T y r ~ ~ ) , ,  
(3) I or (3)! 

I 
or  poly(C;1u35Tyr29) poly (LysI6Alaz0) 

__ I- (3 ) 

YE 
or poly (T~rwC;11u3~)--poly(LVSIGAla2~~ (3) 

9. Graft  polymer with a block polymer and an unknown se- 
quence in the side chain (upper) attached to  an unknown se- 
quence in the  main chain (lower); the  points of a t tachment  are 
between the r-COOH groups of glutamic acid in the  side chain 
and the e-", groups of lysine in the  main chain [Composition: 
12% Glu, 21% Lys ,  24Yc T y r ,  24% Leu, 20% Ala (2: = 101% ) I .  

poly (Glu12)-poly (Lys6)-poly (TyrZ4Leiiz4) 
I 

or ( GIU~~),,,- (Lys 6, (Tyr24Leu24) k 

I 

or ( L y ~ 1 ~ A l a ~ ~ ) ,  ( G l ~ 1 ~ ) ~ -  ( L y ~ 6 ) ~ -  (Tyrz4Leu24)k 
I I 
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Appendix 
Iiepl.itits of all lieconirnetidatioris of the IUPAC-IUB Com- 

mission on Biochemical Somericlature (CBN) are available 
from Waldo E. Cohti, Ilirector, NAS-NRC Ofice of Biochem-  
cal Komericlature, Oak Ridge Natioiial Laboratory,  1'. 0. 
Box T, Oak Ridge, Tennessee, 37830, U .  P. A .  These are as 
follolvs : 

1. Abbreviatioris atid Svnibols fur Chemical Kames  of Spe- 
cial Interest  i r i  Biological Chemistry (Reference 4 above). 

2. Abbreviated 1)esignatioti of Amino Acid Derivatives i t t ~ t l  

Peptides (Reference 5 : hove ) .  
3. Rules for Samitig Synthetic Modifications of Natural  

Peptides (see J .  B i d .  Cherri., 243, 2151 (1968) and elsewhere). 
4. Abbreviated Komenclature of Synthetic Polypeptides 

Polymerized Amitio ;1rids) (Reference 1 above).  
5 .  A One-letter Sotatioti  for Amino Acid Sequetices ( J .  Hiol. 

( 'hetri , ,  243, 3557 (1968) arid elsewhere). 
6. .-ibbreviatiotis arid Symbols f o r  the 1)escriptiori of the 

Conformatiorl of Polypeptide Chains ( J .  Biol. Cheru., 245, 6489 
(1970) and elsewhere). 

7. Abbreviations and Symbols fo r  Sucleic Acids, Polyiiii- 
cleotides atid Their Consti tuents (Reference 7 above). 

8 .  Nomenclature of Vitamins, Coetizymes and Related Com- 
pounds : Trivial S a m e s  of ;\liscellaneous Compounds of Im- 
portance i i i  Biochemistry, Somenclature of Quinones with 
Isoprenoid Side Chains,  Nonienclatiire and Symbols for Folic 
Acid and Itelated Compounds, Nomenclature of Corrinoids ( J .  
B i d .  Chcn!., 241, 2987 (1966) arid elsewhere). (See also following 
paper, So. 9 . )  

9. ?1Tomericlatiire for Vitamins BO: and Related Compounds 
( J .  B i d .  C'hern., 245, 4229 (1970) and elsewhere). 

10. The  Someticlatiire of Lipids i J .  R i d .  C h e m . ,  242, 1845 
(1967) and elsewhere). 

11. Nomenclature of Cyclitols (,Jointly with IUPAC C o n -  
missioii o n  Nomeiiclature of Organic Chemistry) ( J .  Riol. 
Chetrt,, 243, 5809 (1968) and elsewhere). 

12. Somericlature of Steroids (Jointly with IGPAC Corn- 
mission on  Nomenclature of Organic Chemistry) (Biocheniislrg, 
8, 2227 (1969) and elsewhere). 

A document, OBS-5, describing the (Americari) SAS-KRC 
Office of Biochemical Sonienclatrire and listing other rules af- 
fecting biochemical nomenclature, is available from its Director, 
Dr .  Waldo E .  Cohn. (See a l s o J .  C'hevn. SOC., i, 72 [1967)). 

We are grateful to The Journal of Biological Chemistry for providing us with 
reproduction proofs of these rules. 
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