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SUMMARY 

Two chitinase(CTS)-encoding genes (cts) from Coccidioides immitis (Ci), a respiratory fungal pathogen of humans, 
were cloned and sequenced Both the genomic and cDNA sequences are presented. The transcription start points and 
poly(A)-addition sites were confirmed. The ctsl  gene contains five introns and a 1281-bp ORF which translates a 
427-amino-acid (aa) protein of 47.4 kDa. The cts2 gene contains two introns and a 2580-bp ORF which translates a 
860-aa protein of 91.4 kDa. The deduced CTS1 protein showed highest homology to the Aphanocladium album and 
Trichodernta harzianum CTS (74% and 76%, respectively), while CTS2 showed highest homology to the CTS of 
Saccharomyces cerevisiae (Sc) and Candida albicans (47% and 51%, respectively). The putative N-terminal sequence of 
the mature CTS1 protein also showed 89% homology to the reported N-terminal sequence of a 48-kDa complement 
fixation antigen (CF-Ag) of Ci which has demonstrated chitinase activity. The CF-Ag is a clinically important antigen 
used in serodiagnosis of this fungal disease. CTS2 showed several of the conserved features of thc $c CTS, including 
putative catalytic and Ser/Thr-rich domains, and a C-terminal Cys-rich region. We propose that CTS1 and CTS2 of Ci 

are members of two distinct classes of fungal chitinases, an observation not previously reported for a single fungus. 

INTRODUCTION 

Coccidioides immitis (Ci) grows as a saprobe in alkaline 
soil of the desert Southwest (Paggagianis, 1988). If air- 
borne, infectious propagules (arthroconidia) of the sapro- 
bic phase are inhaled by a susceptible host, the fungal 
cells typically convert into large, multinucleate spherules 
(> 201am diameterL The parasitic phase cells subse- 
quently undergo a process of segmentation which results 
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of Microbiology, Medical College of Ohio, Toledo, OH 43699-0008, 
USA. Tel. (1-419) 381-5423: Fax (1-4,19) 381-3002; 
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Abbreviations: aa, amino acid(s): Aa, Aphanocladium album; Be, Bacilhcs 
circulans; bp, base pair(s); C., Coccidioides; Ci, C. bnmitis; CF-Ag. com- 
plement fixation antigen; CTS. chitinase(s); cts, gene(s) encoding CTS; 
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in differentiation of a multitude c,f uninucleate endo- 
spores (approx. 2 lam diameter), still contained within the 
maternal spherule. The spherule wall eventually ruptures 
and the pathogen disseminates in the host by hematoge- 
nous and lymphatic spread of the endospores (Cole and 
Sun, 1985). Chitin is a major structural component of Ci 

parasitic cell walls (Hector and Pappagianis, 1982). A 
48-kDa protein with CTS activity has been isolated from 
the culture filtrate of the parasitic phase of Ci and 

kb. kilobase(s) or ]000bp; NCBI, National Center for Biotech- 
nology Information; nt, nucleotide(s); ofigo, oligodeoxyribonudeo- 
tide; ORF, open reading frame; PCR, polymerase chain reaction; Rn, 
Rhizopns niveus; Ro, Rhizopus oligosporus; RT-PCR, reverse transerip- 
tion-polymerase chain reaction: Sc, Saccharomyces cereeisiae; Sin, 
Serratia marcescens; Th, Trichoderma harzianum; T=, melting temper- 
ature; tsp, transcription start point(s); UTR, untranslated region(s); X, 
any aa. 
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suggested to  p lay  a role in chi t in  remodel ing  a n d  endo-  
spore  release ( Johnson  a n d  Pappagian i s ,  1992). The  

N- te rmina l  sequence o f  this C T $  has  been de termined  

a n d  shown to be  identical to tha t  o f  the serodiagnost ic  

C F - A g  ( J o h n s o n  et al., 1993). In addi t ion,  a l ignment  of  

the N- terminal  sequence o f  this initially described Ci chi- 
t inase (CTSI )  with sequences of  repor ted  C T S  has  sug- 

gested tha t  the hydro lase  is a m e m b e r  of  a class o f  fnngal  
enzymes with h o m o l o g y  to bacterial  CTS  (Blaiseau a n d  

Lafay,  1992; Hayes  et al., 1994). A second dist inct  class 

of  fungal  CTS  has  been described,  represented by Sc 
( K u r a n d a  a n d  Robbins ,  1991) a n d  Ca (McCrea th  et al., 

1995), which  shows prote in  sequence h o m o l o g y  to cer ta in  
p lan t  CTS  (e.g., Cucumis sativis; Lawton  et al., 1994). The  

a ims  o f  this s tudy  were to isolate a n d  character ize  the 

cfsl  gene which encodes  the C F - A g  (CTS 1 ), a n d  p robe  

the genomic  l ibrary  o f  Ci for  presence of  a second cts 

gene (cts2) with h o m o l o g y  to the plant-l ike class of  chit in 

hydrolases .  

EXPERIMENTAL AND DISCUSSION 

(a) Cloning and nt sequence analysis of ctsl and cts2 

Degenera te  sense a n d  antisense oligo P C R  pr imers  
were designed o n  the basis of  the repor ted  N- terminal  

sequence o f  the Ci C T S / C F - A g  ( M P N Y Y P V ;  Johnson  
et al., 1993), a n d  a consensus  sequence ( D I D W E Y P )  

derived f rom al ignment  of  Bc CTSA1 ( G e n B a n k  acces- 

sion no.  $46770),  Sm CTSB (X15208), a n d  Aa C H I I  

(M57601).  The  P C R  of  Ci genomic  D N A  (strain C634) 

yielded a p rominen t  b a n d  o f  515 bp, visible in the agarose  

gel. The  sequenced P C R  p roduc t  t ransla ted in to  a 15 l - aa  

O R F  a n d  a 62-bp  in t ron  in the 5' region (Fig.  IA). A 
73-bp  in t ron  a t  the 3' end  of  the genomic  sequence was 

looped ou t  of  the P C R  p roduc t  as  a result o f  hybr id iza-  

t ion between the ant isense pr imer  a n d  template  DNA.  

After a l ignment  of  the t rans la ted  sequence of  the P C R  

p roduc t  with the Aa C H I I ,  the O R F  showed 54.7% iden- 
tity. We conc luded  tha t  the P C R  p roduc t  was  a f ragment  
of  the Ci ctsl  gene. 

The  P C R  produc t  was  r a n d o m  hexamer  primer-labeled 

(Pan  a n d  Cole, 1992) a n d  used to screen a Ci genomic  

library. A positive clone was  isolated a n d  digested with 

EcoRI+BamHI  to yield D N A  fragments  in the range 

0 .8-5 .0  kb. A 2.4-kb fragment  which hybridized with the 

labeled P C R  p~'oduct in a Southern  blot (P-an and  Cole, 

1992) was  isolated, subeloned into pBluescript II KS, a n d  

subjected to sequence analysis. The nt  sequence shown in 

Fig. 1A includes the 515-bp P C R  product .  A c D N A  clone 

cor responding  to  the entire predicted coding region of  the 
gene was obta ined  by R T - P C R  as described (Pan  et al., 
1995). The e D N A  was entirely sequenced and  confirmed 

tha t  the genomic  D N A  conta ined five in t rons  ranging  in 

size from 59 b p  to 73 bp. Each  in t ron  conta ined conserved 

5' GT,  3' AG,  and  lariat sequences characterist ic  of  fnngal  

introns (Ballance, 1996). The c D N A  also confirmed the 

locat ion of  the s top codon  and  identified the site for addi-  

t ion of  the poly(A) tail. The pr imer  extension assay (Pan  
et al., 1995) resolved the  posit ion of  the terminal Met  a n d  

putat ive tsp. The latter cor responds  to nt  - 100 f rom the 

A U G  start  codon  (Fig. 1A). The tsp is located 50 nt  down-  

s t ream from a t ranscr ipt ional  p romote r  consensus 

sequence, TATATTA, in the 5' UTR.  

Fig. I. The ut sequence of the Ci ctsl and deduced aa ~equence. A: CTSI. The solid line below the nt sequence indicates the 515-bp PCR product 
used to screen the genomic library. The dotted line near the 3' end of the nt sequence of the PCR product indicates a DNA loop-out site ~hich 
resulted from hybridization between the antisense primer and template genomic DNA. The double lines and parentheses indicate the conserved 5'/Y 
and lariat sequences of the introns, respectively. A conserved block of aa (164-DGXDXDXE-171) reported to occur in other CTS are indicated by 
boldface. The upward arrow indicates the predicted cleavage site of the signal peptide. The square brackets locate a potential N-glycosylatiou site. 
The open circle above nt - 100 indicates the putative tsp. the solid circle above nt 1871 locates the poly(A) tail addition s"e. and the asterisk identifies 
the ~;~.op codon. The putative transcriptional promoter sequence (Tara box) is boxed. Methods: The genomic library of Ci ~;tt ain C735 ) was constructed 
in ~.FIXII (Stratageue, La Jolla, CA, USA) as previously described (Wyckoff et al., 1995). The ut sequences of the degenerate sense and antisense 
uligo PCR primers were as follows: 5"-ATGCCM AAYTAYTAYCCHG (48-fold degeneracy) and GGRTAY'FCCCAMTCDATRTC-3" (64-fold degener- 
acy) (D. A or G or T: H, A or C or T: M, A or C: R, A or G. "1(. C or T). The Tm ranges for the two degenerate primers were 50-60°C and 54-64~C, 
respectively. Isolation of DNA. Southern hybridization, and DNA sequencing were performed as described (Pan et al., 1995). Sequence analysis was 
performed using the program DNA Strider (Marck, 1988). Isolation of total RNA for RT-PCR was performed by the method previously reported 
(Wyckoff et al., 1995). The signal peptid¢ cleavage site was predicted using the method of von Heijne (1986). B: CTS2. The solid line below the nt 
sequence indicates the 664-bp PCR product used to screen the genomic library. The dotted line near the 5' end of the nt sequcnce of the PCR product 
indicates a loop out which occurred by hybridization as described in A, except that in this case it involved the sense primer and template genomic 
DNA. The conserved sequences of the introns are indicated by double lines and parentheses as explained in A. Conserved blocks of aa in the 
N-terminal region (34-YWGQ-37: 188-LLSLG-122: 168-DGXDXDXE-175) reported to occur in other CTS are indicated by boldface. The upward 
arrow indicates the predicted signal peptide cleavage site. The square brackets locate potential N-glycosylation sites. The dashed line below the aa 
sequence indicates the conserved Ser/Thr-rich domain. Seven conserved Cys residues in the C-terminal region are indicated in boldface enlarged type. 
The open circle above nt -123 indicates the putative tsp, and the solid circle above nt -2807 locates the poly(A) tail addition site. The putative 
transcriptional promoter sequence (Tara box) is boxed, and the stop cudon is indicated by an asterisk. Meflmds: Same as described in A. The nt 
sequences of the degenerate sense and autisense olign PCR primers were as follows: 5'-GTNTAYTGGGGNCARAAY ( 128-fold degeneracy: T~= 
58-68°C), and CTGCAGTARTFRTTRTARAAYTG (32-fold degeneracy: T~= 56-66°C) (N, A or C or G or T, and see A). 
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A 
-426 atacgcgcgcgtctactctttgccaaacgggtccactccggactcttgcgggtcaccttgacttctcaggcgggtgatcg~ccac~atctgacagatgcac~cg~ca~gagggcs~a~- 
-306 ccatttgcat tcgatctctctattgcattaacctgcntacacngcca~cCgcgagatctatc~a~tgctccg9ctaatccctgctgaaa¢cttctaugaggcctc&ttctacattgggCt 

-186 tgcgtgatgtct~agtggtcaggtgtatt~uauaur~ctgg~ttgatatt taccctaagatgtgttcctcttctgtattct ~gtg~tatatatat~tcg~c~g~c 

-1 1 
-66 tggggctatatcctctttcctggtcactttttcattatcaagatcgacgacagattccatctcaca ATGAGGTTCCTTA~ACTT TC 

1 M R F L I G A L L T *. Q T L V Q A~S 

54 ~ ' I ~ T ~ T G C C C A ~ A  _ -i'i%~l'Fl'A'*'a'a'J~J~ ~ttatotttactctttc~accot=ac 

19 S M S S M P N S Y P V P E A P A E G G F R S V V Y F V N W 
173 ~ c a t c _ _ ~  GCGATCT T A K C ~ ~ - ~ A  ~TACTCT TA~CGCCCGT 

48 A I Y G R G H N P Q D L K A D Q F T H I L Y A F A N T R P 
292 ~AC~-~I~u~IACACATGGG~AT A C C ~ T A T C A ~ T G T ~  m--A 

77 S G E V Y L S D T W A D T D K H Y P G D K W D E P G N N V Y G C I K Q M Y L L K 
412 ~ ~ T G G A C C T A T I ~ C C ~ ~ C A ~  TTCC~J~ZKCATCTCTGA~GT 

117 K N N R N L K T L L S I G G W T Y S P N F K T P A S 5" E E G R K K F A D T S L K 
532 TGA T(XT~A~PF_ATC~TT~ c~aagcttggggtttctccccatcttaaaggaatgctattaattct~ggggtcgattt(~)~u~jagcag 
157 L M K D n G F D • • D I D W • ~ ....... ,,°,° ......................................................... -~V~...! 

650 A C C C ~  TGATTTT~ACTCA~TAGAGAA ~at~atcaaattccaaaacgggaaaacaaagacatatacatt~(c~atag 
172 Y P E D E K Q A N D F V L L L K A C R E - -  
759 . T~GC-AAC4e-%A A ~taa~tctagcaagcccacccgtgtgttctgggaaat~g~(cc~t) a 
192 A L D A Y S A K H P N G K K F L L T I A S P A 
888 catgctatag G ~ T T  T T ~ T G C ~ . C A A G T A E C T T C ,  A ~ - * ' ~ ' ~ . ' * ~ G A A C C T C A ' R ~ G C ' I ~ ~  

215 -- G P Q N Y N K L K L A E M D E Y L D F W N L M A Y D F S G S W D K V S G H 
1007 CA _ GC~--~ ~ ACA T A A G A T ~ T G C C  
252 M S N V F P S T T K P E S T P F S S D K A V K D Y I K A G V P A N K 1 V L G M P 

1127 ACTCTATGGGCGAGCA'FI~CTCC~TGGGATCGGCACT ACAAAGACA 
292 L Y G R A F A S T D G I G T S F N G V G G G S W E N G V W D Y K D M P Q Q G A Q 

1247 GGTT TATCG~ATAGCTATGACAAGAACAAACGCT~TCAGCTATGATACA~AAGA ACATTACG~TGG 

332 V T E L E D I A A S Y S Y D K N K R Y L I S Y D T V K I A G K K A E Y I T K N G 
1367 A A T G ~  ~taaa~ctt tgcat tggcggc~taggatatgacatactaata~( ~ |  ~a 
372 M G G G M W W E S S S D K T G [N E S| L V G T 

1486 ccaaccag GTCGTCAAOGGATI~ A A~- T A A C C ~ T ~ T G C C A ~  tttgg 
394 ---- V V N G L G G T G K L E Q R E N E L S Y P E S V Y D N L K N G M P S * 

1604 aaaacccgctgctagctgc~tgcatcactgctatccccgtcttt~gtttcaacttgtacatcttagttaactagcccctttcccgttg~aLc~caaccttggtttcacgttggggccca 
1724 ac~utggctt t tcat~aatatggct ta~ttatgtgtcttacgagaaatatggccgacctttgttgtattggct ttgt t tctcgat tcatgaacgttc~c~aaacagttaactagttag~c 

1844 ag~cagt taactatagctctt ttccccaaacctgaaactccat c~ggatagttaaaaactcccactccgacctccgtccctatcccaaacactac 

B 
-281 aaat tgtccgtcgagggagtctgatagcccttgtt tagtatgggtctct cgggct tgagcctcataatctcttcgtct tcctgtccctcct~aatctttt~tgatatctcca 

o 
-161 tttcctctc~tgtccatctgcattgcagcagccatacactgcaaacctctggtttgcgtcctt~ccttga~tgcactaccagcctcacgtcctgttg~gccggcttgcttaccctcgtt 

-I i 
-41 tgcctggagattactttggcccatctaccatccttttaatc AT~CAACTAATA A ~I-~-~-~-~A TCCCTAC 

1 M G P T N ~ L ~ A F I A V S S L ~ I Q S L A~L N P Y 

79 GCCA~AATTT~ACTGG. ~tat gagccaat tact t tagcgccc ttggt tg tct tgatg(c~) ctt t c tggt t g a t ~ a ~ G ~  
27 A K S N L A V Y W ~ ..................................... °..o ...... °°°°...~. ~ ~ G A G Q N ~ L 3 

197 T ~  TA~ TCAATGT~ T ( ~ T T ~ A ~  
46 Y F C E K T S F D 1 I V V G F I N V F P D Q G P A G W P G S N F G N Q C A D S Y 

317 TACTA~TG~C~%CC ~%TG~c~ r rA~KGA~AAGC4%A~A 
86 Y Y T K IN G T] K T K L L D G C Y Q I K E D L P K C K A L G K T I *" L ~ L ~ G G A 

437 G~t~4%TTTCTACGAGG~ A~TTT~ F-ACCAC~C - 

126 V H D F Y E V K S E E S A L N F A D F L W G A F G P L T P D W T G P R P F G E A 
557 TC.AGTCC, A~GGA TA AGTA;~u-*q-~ uta~atcc~tt~tcccttce~t~attc~aot~c~c~m~t~ Gt'TAT'I~CAAT'PATG~'J~ 
166 S V D ~ • D • D X ~ K G S N F -- G Y S I M V 
675 . TACTATA ~A~TGCATAATC~TA~AT~Tf~TATCTAA 
187 R R L R E L F L Q D P L N R Y Y I S A A P Q C I M P D K Y L S H A I S N S A F D 
795 TTCATCTTCATCCAGTTCTACAACA~ AA A C A C ~ T T ~ T ~  
227 F I F I Q F Y N N P S C S A K R W V T N P K S V T Y T V D D W V K Y I R K S G N 
915 CCATTAGCGAAAu~*'*'*'*~A TCTAAGIt'TC, CTC ATC'ITACTC TCGTCAC-CACGTACATGGCGA~ATATCCAAGT 
267 P L A K L F I G L P A S K S A A A K E D Y L T p G E A T K I V S T Y M A K Y P $ 

1035 A~T~-t-tt~GGTATGA ~ T  . TACC42CGATATAA TGCGATCCGGATCCCCCTACC 
307 T F G G M M V W E A T A S E N N K L G G L P Y A D I M K E V L L R C D P D P P _T 

1155 AGT~ACAAGTACCACA " ~ r T A C T A T G  . A~'*~*~I~ 

347 _ s_ _T_ _L _L. _s_ 2_ 2__ s_.~_ _s_ _L __s_ 2_--~---~-- s__ s__ o__ s_ _L _L _-~_ _-~-.L _~-__ ~-...~. __s_ __~_ _s_ _L _L_-~-__s_--t 2_ _s_ .:_ _L _s 
1275 • .AAGAGCCACCATCAACAACAA A 
387 ~ - - s ~ s ~ ? ~ - ~ - L ~ s ~ - ~ 2 ~ s ~ - ~ - - - s - - ~ - ~ - ~ - - ~ - - v - - ~ s ~ 9 ~ - s ~ - ~ - - s ~ R - ~ s  ._~___s_ • ~____P_v_ 

1395 ~%GCCACCATCAACCACAA TCAACCACAATCTCCACATGGTCGGCCTCC 
427 __~___~___~___s__9___~___p_..p_ s___~__?___~__s__~__~___s__~___s___~___~___~__.v__L.T___~__~__9___~___e _-l"__-s__~----~---~---~__L_w__-s---~--s 

467 _,__,__,__,__,. . , ._,. . ,__,__,__,__,__,__,__,__,__,__,. . , . . ,__,__,__,__,__,._,__,_., . . . , ._,__,__,__,__,__,__,__,__,__,__,_ 
1635 . TTACTCTCTCT ~TGTA TTCAT~GTCT 

507 _,__,__,__,__,__,__, ._,__,__,__,__,__,__,_, .!  . ' - - ' _ _ , _ _ ' _ _ ' _ . ' _ _ ' - - ' - - ' - - ' - - ' - . ' . . ' _ - ' - . ' - - ' . - ' . - ' - - ' . - ' - - ' - - ' - - ' - - ' -  
1755 ACAACAA T~TCAATGCCT~ACGAGA AAT T 

~47 _~..~. _L_s_ _~__~__s__~__ L _,__,__,__,__,__,__,__,__,_.,_.,_ _,__,__,._,__,__,__,__,_.,_ __s_ __~..~_ _L_v___~__~___~__s...~._.._ 
1875 TCAGATTCTCAATCAATGACA~ACAAGA . A T C A G A ~ T I ~  AGATACCATC 
~87 __s_2__s__~__s__.__~__v___s__~__~__s___e__s__~__~__s___~___~___~__~__s_.~_ G__S__~__S__~__~ ._v___s___~__~ _s._L__~__v_.p__L_.~_ 

1995 ~ T I ~ C G C C A ~ T ~ A T  %~C~A TCCTACC~'~CGCCCCATCTTCC 
827 .,__,__,_.,__,_,,__,_,_,__,__,_,__,,__,__,_,__,__,_,__,__,,_,,_,__,__,._,_,,_,__,,_,__,__,__,..,__,__,_ 

211; ~ C "  ~ TCACTACTATAATCACCAC.ATCCTACGTCA%'i,~*'.-*,~gN TAAC.ATACACCANAC'I~ 

667 S T T E D R T T I T T I I T T S Y V T V ~ P T G F T T V T I T Y T T T Y ~ P E T ................................................ 
2235 ~ ~  i'~%~ ACCATCACACTC 
707 A S L T P T Q P P I P G A P A P P P D G W T T I V T V ~ P Q ~ A P T P T T I T L 

2355 - -  ~ , . ~ * % ~ * ' i ' ~ i ~  - T C C R A T T  T T T ~  

747 T V P T. R S A F L P A R T E T R P V V T V V P ~ P E N P I K N V K P S E S G D F 
2475 GTGACTG~TACT T T~CGATGTGAA 
787 V T V T T A A P A T V T K T L E Y N N P V D S D V N V Q P T G G S S P V E F E G 

2 7 1 4  attttcttcggaggggtgtgtacar2mtgtcacgggtgctgtacttgtacatacttgacacttacctacatatacagtacatatatacttcatatc¢ctcgag 
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T h e  cts2 gene was cloned using the same strategy as 
described above. Degenerate primers were designed on 
the basis of aa consensus sequences derived from align- 
ment of Sc CTSI (M74070), Ro CHll  and 2 (D10157 
and D10158, respectively) and Rn CTS (D10154). 
The consensus seqtiences used were VYWGQN and 
QFYNNYCS. In this case, the PCR product was approx. 
660 bp which, after sequence analysis, translated into a 
203-aa ORF and included a 55-bp intron (Fig. IB). As 
in ctsl ,  the PCR product of cts2 excluded a 61-bp intron 
as a result of hybridization between the sense primer and 
genomic template DNA. The translated sequence showed 
35.3% identity to the aa sequence of the Sc CTS. The 
ORF of the PCR product included a conserved aa 
sequence (DGFDFDIE),  which was identical to part of 
the putative catalytic domain of the Sc CTS (Kuranda 
and Robbins, 1991 ). We concluded that the PCR product 
is a fragment of the Ci cts2 gene. As above, the PCR 
product was used as a probe to isolate the full length cts2 

gene. A clone was isolated and digested with 
E c o R l + B a m H I  to yield fragments in the range of 
!.5-5 kb. A 2.8-kb fragment which hybridized with the 
labeled PCR product in a Southern blot was subeloned 
and sequenced (Fig. IB). The cDNA clone obtained by 
RT-PCR was entirely sequenced and proved to be iden- 
tical to the genomic sequence except that the latter 
included two introns of 61 and 55 bp. The introns demon- 
strated the same conserved seqt:ences as described for 
ctsl .  The location of the stop codon, site of the poly(A) 
tail addition, position of the terminal Met, and putative 
tsp (nt - 1 2 3  from the AUG start codou; Fig. IB) were 
confirmed. The tsp was located 51 nt downstream from 
a transcription promoter consensus sequence, TATAGA, 
in the 5' U T R .  

(b) Analysis of the deduced aa sequences of CTSI and 
CTS2 

The ctsl  cDNA contained a single ORF encoding a 
predicted 427-aa protein of 47397 Da and pl of 5.80. A 
single potential N-giycosylation site ! N-X-S/T) was iden- 
tified (Fig. IA). Comparison of the Ci aa sequence with 
proteins in the GenBank database revealed highest sim- 
ilarity among certain fungal and bacterial CTS, including 
Aa (Blaiseau and Lafay, 1992), Th (Hayes et al., 1994), 
and Bc (Watanabe et al., 1990). Percent similarities 
(based on conservative aa substitutions) and percent 
identities between Ci and Aa are 74.4% and 49.9%, 
respectively: for Ci and Th are 75.5% and 49.1%; and 
for Ci and Bc are 48.9% and 28.6%. A conserved block 
of aa was identified that contained invariant Asp and Glu 
residues (Fig. IA) implicated in the catalytic mechanism 
of fungal and bacterial CTS (Watanabe et al., 1990, 
McCreath et al., 1995). The ORF of the Ci protein also 

contained a 35-aa sequence in the N-terminus region 
(aa 18-52; Fig. 1A) which • lowed 8.,.7% identity to 
the N-terminal sequence of the Ci (strain Silveira) 
CTS/CF-Ag reported by Johnson et al. (1993). The pre- 
dicted cleavage site of the Ci protein in Fig. IA based on 
the Von Heijne (1986) rule was between residues 17 and 
18, which corresponded to the N-terminus of the CF-Ag. 
The minor differences between the two aa sequences may 
reflect Ci strain variation (i.e., strain C735 vs. strain 
Silveira). Results of these sequence comparisons support 
our conclusion that ctsl  encodes the serodiagnostic 
CF-Ag, which has been reported to be a CTS and is 
related to the bacterial class of chitin hydrolases. The 
genomic and deduced aa sequences of the Ci ctsl  gene 
and CTSI were deposited in GenBank (accession No. 
L41663). 

The cts2 cDNA contained a single ORF encoding a 
predicted 860-aa protein of 91390 Da and pl of 4.98. Two 
potential N-glycosylation sites were identified (Fig. 1B). 
Comparison of the Ci aa sequence in the region of the 
putative catalytic domain (aa 22-239; Fig. 1 B) with pro- 
teins in the GenBank revealed a similarity of 43-51% 
with fungal and plant CTS (Table i). Several features of 
this Ci protein showed striking homology to the Sc and 
Ca CTS. The Ci protein has several conser,~e.d blocks of 
aa throughout the N-terminal region, including the 
invariant Asp and Glu residues (DGXDXDXE) identified 
in Ci CTSI as part of the putative CTS catalytic domain 
{Fig. l B; Milewski et al., 1992). The Ci protein also con- 
tains six invariant Cys residues which have been sug- 
gested to be involved in correct folding of the catalytic 
domain (McCreath et al., 1995). The putative catalytic 
domain of the Ci CTS (aa 22-239) is followed by a vari- 
able region (i.e., no evident homology to fungal/plant 
CTS; aa 240-345), and then by a conserved Serfrhr-rich 
domain {aa J46-682; Fig. lB). This region shows approx. 
55% of the aa encoded by either Ser or Thr, which is 
comparable to the Sc CTS (Kuranda and Robbins, 1991 ). 

TABLE I 
Sequence similarities and identities between C. immitis CTS2 and CTS 
of other organisms 

Sequence source ~ Similarity b Identity 
1%} ~%) 

Satx'haromyces cerevisiae (Sc} 46.9 28A 
Candida alhicans CHT2 iCa) 46.7 28.7 
Candida albicans CHT3 (Ca} 51A 3 I.I 
Cueumis sativis {Cs) 43.0 20.9 

i CTS sequences of Sc. Ca and Cs Icucumber) obtained from Kuranda 
and Robbins { 1992), McC'reath et al. { 1995} and Lawton et al. ( 1994J, 
respectively. 
t, Based on alignment of conservative aa substitutions. 
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The Ser/Thr-rich domain has been suggested to serve as 

a potential site for O-mannosylation. The  native Sc 

homolog of this Ci protein has been shown to be highly 

glycosylated. In the Sc CTS, the Ser/Thr-rich domain  is 

followed by a Cys-rich, high-affinity chitin-binding region 

(Kuranda  and Robbins, 1991 ). This same putative region 

of the Ci protein contains seven Cys residues (Fig. IB) 

but no sequence homology to the equivalent region of 

the Sc CTS. These da ta  support  our  conclusion that cts2 

encodes a chitinase tCTS2) with homology to the 

fungal/plant class of chitir, hydrolases. The  genomic and 

deduced aa sequences of the Ci cts2 gene anti CTS2 were 

deposited in GenBank (accession No. L41662). 
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