
A proposed 

FEBS Letters 354 (1994) 414 

FEBS 14697 

structure for ‘Family 18’ chitinases 
A possible function for narbonin 

Andrew F.W. CouIson* 
Biocomputing Research Unit, Institute for Cell and Molecular Biology, University of Edinburgh King’s Buildings, 

Mayfield Road, Edinburgh EH9 3JR, UK 

Received 21 August 1994; revised version received 20 September 1994 

Abstract The sequence of narbonin, a leguminous seed protein with the TIM barrel structure but of unknown function, is significantly similar to 
endo-/I-N-acetylglucosaminidase H from Streptomyces plicatus. This protein is a member of a family of chitinases, ‘Family 18’ of the glycosyl 
hydrolases. It is proposed that the catalytic domain of this family has the TIM barrel structure. It is proposed that narbonin has chitinase activity, 
or has been derived from a chitinase by loss of function. 
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1. Introduction 

Narbonin [l] is a 2s seed protein from a European vetch, 
vicia narbonensis. No function has been attributed to the pro- 
tein, but its structure has been determined by X-ray crystallog- 
raphy [2]. Its fold is a monomeric, 8-stranded alp barrel (‘TIM 
barrel’), the commonest of all globular domain structures [3]. 

Hennig et al. [2] reported that ‘no significant homology to 
any other proteins’ was found in a search of the sequence 
databank, without describing the method which was used. I 
have repeated this search, using an implementation [4] of the 
Smith and Waterman ‘Best Local Similarity’ algorithm [5] on 
a high-performance computing system, the Maspar MP-1 [6]. 

These searches revealed a weak but clear similarity to the 
sequence of endo-p-N-acetylglucosaminidase H from Strepto- 

myces plicatus. This paper describes these results, and explores 
their implications for the function of narbonin and the stucture 
of a group of glycosyl hydrolases. 

2. Materials and methods 

2.1. Sequence of narbonin 
Hennig et al. [2] give a tentative sequence of 288 residues derived from 

the electron density in their Table II. The entry in the Brookhaven Data 
Bank recently deposited by these authors (‘pdblnar.ent’) contains a 
revised sequence of 290 residues: 

PKPIFREYIGVKPNSTTLHDFPTEIINTETLEFHYILGFAIESYYESGKG 

TGTFEESWDVELFGPEKVKNLKRRHPEVKVVISIGGRGVNTPFDPAEENV 

WVSNAKESLKLIIQKYSDDSGNLIDGIDIHYEHIRSDEPFATLMGQLITE 

LKKDDDLNINWSIAPSENN SSHYQKLYNAKKDYINWVDYQFSNQQKPVS 

TDDANEIFKSLEKDYHPHKVLPGFSTDPLDTKHNKITRDIFIGGCTRLV 

QTFSLPGVFFWNANDSVIPKRDGDKPFIVELTLQQLLAAR 

This sequence was used for all the database searches reported here. No 
sequence for narbonin appears in the PIR [7j or Swissprot [S] databases. 
‘OWL’ [9] has four sequences derived from DNA data. Three of these, 
with minor differences between them, are from Vicia narbonensis; the 
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fourth from Vicia pannonica. None is identical to the PDB sequence; 
all end with LAKR instead of LAAR. The closest to the PDB sequence 
is ‘VNNAF6NB’, with one other difference (QFGN for QFSN at posi- 
tion 91). 

2.2. Database searching 
All searches were made using the program ‘MPSRCH’, which imple- 

ments an exhaustive search method [4] on MasPar machines. This 
method compares the query individually with every member of the 
database (in this case Swissprot Release 29) using the Smith and Water- 
man [5] algorithm. Scoring tables were constructed according to the 
Dayhoff prescription [lo], which generates a table appropriate to any 
overall evolutionary distance. Distances are expressed in ‘PAMs’, 
where 1 PAM corresponds to 1 accepted point mutation per 100 resi- 
dues of sequence. The statistical significance of alignments reported by 
the search program is assessed by a semi-empirical method [I 1] which 
takes account of the observed distribution of similarity scores in com- 
parisons with unrelated sequences. 

2.3. Multiple sequence alignment 
Multiple sequence alignment used a program (A.F.W. Coulson, un- 

published) which attempts to identify strongly related subsequences 
which can be unequivocally and uniquely identified in all the sequences 
under examination [12]. These subsequences are pinned together, and 
alignments are performed between the ‘nodes’ using an extension of the 
Corpet ‘MULTALIN’ method [13]. 

3. Results and discussion 

3.1. Database searches with the narbonin sequence 

The problem in reliably recognising distant sequence similar- 
ities in database searches is to distinguish them from the higher- 
scoring tail of the distribution of chance similarities. The nature 
of these ‘noise’ similarities depends on the scoring table which 
is used. A table derived for a low PAM value (which stresses 
the significance of matches) will produce oligomers with a high 
proportion of matches, and few or no gaps. The ‘flatter’ tables 
at high PAM values make a smaller distinction between 
matches and conservative substitutions, and the high scoring 
‘chance’ results are longer and contain more gaps. It is unlikely 
that any given sequence, unrelated to the query, will contain 
both types of chance similarity, and it is usually found that 
quite different sets of unrelated proteins are found at the tops 
of output lists of searches performed with widely differing PAM 
values. Hits on related sequences are more likely to appear 
across the whole range of PAM values. 
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Fig. 1.Highestscoring50localsimilaritieswhenthesequenceofnarboninwascomparedwithSwissprotRelease29,withascoringtablecorresponding 
to 178 PAMs, and a gap penalty of -10. Asterisks indicate the similarities to identified chitinases. ‘Pred.No.’ is the expected number of similarities 
achieving the observed score by chance. In the alignment, the database sequence isin the upper rows. 

DatabasesearcheswereperfonnedwithPAM valuesranging of the strongest local similarity detected. The optimum values 
between 40 and 300; members of a family of chitinases were were found to be 178 PAM, and a gap penalty of -10. Fig. 1 
found amongst the top 50 search results across the whole range. shows the top of the search output, and the highest scoring 
Values of the search parameters (PAM value and gap penalty alignment under these conditions. The ‘expected frequency’ of 
score) were then chosen iteratively to maximise the significance 4.5 x lo-’ (odds of about 20,000 to 1 against this occurring by 
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chance) indicates a weak but significant similarity to the Strep- 
tomyces chitinase [ 141, and this is reinforced by the appearance 
of other chitinases lower in the output list. Similarities to other 
glycosyl-transferring enzymes (such as the sialidases at posi- 
tions 8 and 32 in the output list) may also represent a real 
relationship between the proteins, but other apparent similari- 
ties presumably arise by chance. 

3.2. Multiple alignment of related sequences 
Examination of the protein sequence database showed that 

the sequence of the corresponding chitinase from a Fla- 
vobacterium was also known [15]. In order to examine the 
sequence conservation a multiple sequence alignment was per- 
formed with both chitinases, and the narbonins from Kcia 
narbonenesis and from vicia pannonica. This alignment is 
shown as Fig. 2. The program identifies two short subsequences 
with a high proportion of matches as ‘nodes’; the strongest 
sequence conservation is around and between these nodes, but 
the sequence similarity extends to include the major part of all 
four sequences. 

The TIM barrel in narbonin is not completely regular. The 
connection between the first two B-strands is non-helical, and 
extra secondary structure elements (two B-hairpins and two 
short helices; see Fig. 2) are inserted into strands at the 
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C-terminal end of the barrel. The sequence similarity in the 
alignment is strongest in the first two thirds of the proteins, and 
here the most conserved regions in the aligmnent correlate with 
the presence of secondary structure, and especially with strands 
of p-sheet. The proteins are about the same length, but it is 
possible that the pattern of insertions of loops into the core 
structure differs between the two proteins sufficiently to disrupt 
the alignment in the C-terminal third of the sequence. 

On the basis of this protein sequence similarity, I propose 
that the chitinases also have the TIM barrel structure as the 
main structural and functional unit. 

3.3. ‘Family 18 glycosyl hydrolases’ 
The glycosyl hydrolases have been classified by Henrissat 

[ 16,171 on the basis of sequence similarity, and in this classitica- 
tion the Streptomyces chitinase is assigned to Family 18. No 
structure has been reported for any member of the family. The 
proteins are very diverse in length, and the narbonin-related 
chitinases are amongst the shortest. In some cases it is known 
that the length diversity arises from the presence of domains 
with additional functions - for example, many of the sequences 
contain protein sequence motifs characteristic of binding sites 
for relatively small molecules. Thus, the ‘chitinase D’ from 
Bacillus circulans [ 181 and the ‘chitinase 63’ from Streptomyces 
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Fig. 2. Multiple sequence alignment of narbonins (from Viciu narbonensis and from Viciupannonicu) and closely related chitinases (from Streptomyces 
plicatus and Fluvobucterium sp.); hyphens indicate the two regions in which significant similarities can be unequivocally aligned across all the proteins, 
and asterisks other locations at which there is at least one match between a narbonin and a chitinase. ‘Structure’ indicates the secondary structure 
assignment in narbonin: h, helix; s, B strands forming part of the TIM barrel; r and q, B-hairpins; I,J,K, turns of Types I,11 and III. 
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plicatus [19] both have a fibronectin Type III domain on the 
N-terminal side of the catalytic region; the second of these 
proteins also has a cellulose binding domain still further up- 
stream. Corresponding domains have not been identified in the 
chitinase from Brugiu maluyi [20], but this protein contains a 
threefold approximate tandem repeat of a Glu- and Tyr-rich 
16mer on the C-terminal side of the catalytic region. (These 
three proteins are the closest found in database searches to the 
narbonin-related chitinases.) 

The presence of these diverse additional domains makes mul- 
tiple sequence alignments of the complete sequences uncon- 
vincing. Limiting the aligned regions to the presumed catalytic 
domains was more satisfactory (data not shown) and showed 
the highest sequence conservation in a central portion of about 
60 residues. This region includes the highly conserved nodes 
and the intervening sequence in Fig. 2 which represent two 
successive strands of the TIM barrel and the a-helix which links 
them. I propose that the catalytic core structure of the Family 
18 glycosyl hydrolases is an &stranded a/j? barrel, to which 
additional domains and perhaps extra loops are added to con- 
fer substrate-binding and other properties. 

3.4. Narbonin function 
A significant similarity between the sequences of two pro- 

teins generally indicates a functional as well as a structural 
relationship between them. It is therefore plausible to suggest 
that narbonin may have chitinase or a closely related glycosyl 
hydrolase activity. Chitinases are found in seeds, where they 
exert an anti-fungal protective role. However, Henrissat [16] 
assigned all these seed chitinases to ‘Family 19’. One X-ray 
crystal structure of a Family 19 protein, from barley [21], is 
known. This structure is largely a-helical (10 helices and 47% 
of the sequence), and these authors recognised no similarity in 
either the structure or the sequence to any protein outside 
Family 19. Subsequently Holm and Sander [22] pointed out 
that many of the secondary structural elements could be super- 
imposed on those in T4 lysozyme. Proteins from two other 
families of glycosyl hydrolases are now known to have the TIM 
barrel structure - a-amylases and cyclodextrin gluconotrans- 
ferases from Family 13 [ 181, and a xylanase from Family 10 
(Jenkins, J., personal communication). Cellobiohydrolase II 
(Family 6) has a related fold, in which however the ‘barrel’ 
appears to be open-sided [23] (only the a-carbon co-ordinates 
have been published). 

Hennig et al. based their suggestion that narbonin was with- 
out enzymic activity on the absence from the crystal structure 
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of plausible active site residues at the C-terminal end of the 
B-barrel. If it is without catalytic activity, narbonin may show 
some analogy to the Drosophila vitellogenins [24]. In this case, 
we showed that the insect yolk proteins had been derived from 
lipid acylases with the loss of active site residues. The proteins 
are therefore devoid of enzymic activity, but retain a lipid 
binding site (which is used for storage and release of lipid 
hormones). If this analogy were correct, narbonin would show 
substrate binding activity, in the absence of catalysis. 
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