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Abstract
	 Collagenase	is	one	the	important	enzyme,	which	is	applied	in	varied	fields	ranging	from	tannery,	
food	and	cosmetic	industries	to	clinical	therapies.	Currently,	the	commercially	available	collagenase	en-
zyme	has	been	produced	by	Clostridium histolyticum	bacteria.	In	our	study,	in	order	to	find	new	sources	
of	collagenase	producer,	30	collagenases	from	different	species	of	Clostridium, Vibrio and Bacillus were 
evaluated	from	the	view	of	phylogenetic	relation,	domain	architecture	and	physiochemical	features.	To-
tally	our	results	indicate	that	the	non-pathogenic	C. novyi	(NT)	with	the	aliphatic	index	(80.68),	instability	
index	(27),	pI	(6.54),	Mw	(112.838	kDa)	and	two	PPC	domain	could	be	suggested	as	a	potent	bacteria	for	
industrial	production	of	collagenase.
Keywords: Bacillus, Collagenase, Clostridium, In	silico	features,	Vibrio.
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1. Introduction
	 Collagen	is	one	of	the	most	abundant	pro-
teins	in	our	body.	It	is	the	main	fibrous	structure	of	
extracellular	connective	tissue	such	as	bone	carti-
lage,	skin	and	blood	vessels.	Whereas	collagen	has	
crucial	functions	in	the	body,	it	is	a	fairly	simple	
protein.	Briefly,	collagen	is	constituted	of	three	he-
lically	wound	 chains,	 two	of	which	 are	 identical	
(α1	chains),	and	another	one	is	somewhat	different	
in	its	biochemical	constitution	(α2	chain)	(1).There	
are	about	28	genetically	distinctive	kinds	of	colla-
gen,	each	with	particular	physiological	functions.	
Besides	structural	properties	of	collagen,	it	has	an	
important	role	in	cell	adhesion,	migration,	and	dif-
ferentiation	 (2).	 Collagenases	 are	 unique	 proteo-
lytic	enzymes	that	are	capable	to	specifically	break	
the	peptide	bond	 in	 the	 triple	helical	domains	of	
native	 and	 denatured	 collagen	 (3).	 Collagenase	
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is	vastly	exploited	in	various	areas,	ranging	from	
medical	applications	and	food	industries	to	molec-
ular	 biology	 investigations	 (4-6).	 In	 clinics,	 col-
lagenases	are	 applied	 for	 enzymatic	debridement	
of	burn	wounds,	treatment	of	skin	ulcers,	Dupuy-
tren’s	 contracture,	 and	 Peyronie’s	 disease	 (4,	 7).	
Collagenase	enzyme	has	two	main	sources:	mam-
mals	and	bacteria.	Mammalian	collagenases,	which	
are	 a	member	of	 extracellular	metalloproteinases	
family,	cleave	the	native	helical	collagen	chains	at	
a	single	site.	In	contrast,	bacterial	collagenases	at-
tack	many	sites	along	the	chain,	producing	small	
peptides	(8).	Collagenolytic	proteases	are	catego-
rized	 into	 two	main	 subsets:	metallocollagenases	
and	 serine	 collagenases.	Amongst	 collagenolytic	
proteases	 from	bacteria,	metalloproteases	 are	 the	
most common, while serine proteases and other 
proteases	are	scarcely	found.	All	metalloproteases	
include	 a	 conserved	 sequence	 for	 zinc	 protease,	
the	HEXXH	motif,	which	 is	 able	 to	 cleave	 both	
denatured	 and	 native	 collagen	 (8).	Bacterial	 col-
lagenases	have	wider	 uses	 due	 to	 their	 ability	 to	
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cleave	 the	 collagen	 at	 several	 sites.	A	 variety	 of	
bacteria	have	been	known	as	collagenase	produc-
ers.	Majority	of	 them	are	pathogenic	 strains,	 ap-
plying	 the	 enzyme	 as	 the	 virulence	 factor	 to	 de-
struct	 the	 connective	 tissue	 barrier	 and	 penetrate	
to	a	target	organ.	Mainly	three	types	of	pathogenic	
bacteria	 are	 considered	 as	 collagenase	 origins:	
Vibrio,	 like	Vibrio alginolyticus	 (9),	Vibrio (Gri-
montia)	hollisae	(10)	and	Vibrio parahaemolyticus 
(11);	 Porphyromonas,	 such	 as	 Porphyromonas 
gingivalis	(12);	and	Clostridium,	like	Clostridium 
perfringens	 (13)	 and	 Clostridium histolyticum 
(14).The	well-studied	bacterial	collagenase	 is	 re-
lated to Clostridium histolyticum,	presently	manu-

factured	and	marketed	as	an	injection	by	Auxilium	
Pharmaceuticals	called	Xiaflex®	in	the	US	and	by	
Sobi	named	Xiapex®	in	Europe.	An	ointment	dos-
age	form,	Santyl®,	is	also	available.	Collagenase	
C. histolyticum	can	be	obtained	in	large	amounts	
from	the	culture	medium	under	standardized	con-
ditions	by	fermentation.	Due	to	the	pathogenicity	
of	the	above-mentioned	bacteria,	the	usage	of	their	
collagenase	would	be	limited.	Recently,	some	mi-
croorganisms	such	as	Bacillus pumilus	(15),	Bacil-
lus subtilis	 (16),	Bacillus tequilensis	 (17),	Strep-
tomyces	 sp.	 (18),	 and	 Nocardiopsis dassonvillei 
(19),	which	are	usually	considered	safe	to	produce	
collagenase,	 were	 screened	 from	 water,	 caviar,	

Table	1.	List	of	30	collagenase	protein	sequences	from	different	species	of	Clostridium, Vibrio and Bacillus.

Bacterium Entry num. (UniProt) Identity (%) Protein Length (aa)
Clostridium histolyticum Q9X721(ColG) 100 1118
Clostridium histolyticum Q46085	(ColH) 43 1021
Clostridium sordellii A0A0A8W0C3 35 1025
Clostridium botulinum A0A0E1KY83	(ColG) 48 1095
Clostridium perfringens P43153	(ColA) 44 1104
Clostridium sporogenes G9EY55 45 1217
Clostridium limosum Q84IN0 40 1158
Clostridium argentinense A0A0C1UGY8 44 1007
Clostridium tetani Q899Y1 50 991
Clostridium novyi A0PYC6 47 977
Vibrio alginolyticus P43154 100 814
Vibrio vulnificus Q8D4Y9 32 807
Vibrio neptunius A0A0F4P2X5 67 821
Vibrio owensii A0A0C1VUQ3 78 814

Vibrio parahaemolyticus Q9AMB9 81 814
Vibrio ichthyoenteri A0A0C1S4B1 65 842
Vibrio antiquaries A7K0C6 99 814
Vibrio coralliilyticus A0A097B074 67 823
Vibrio mimicus D2YQE6 31 806
Vibrio cholera A0A085RUN7 30 821
Bacillus cereus C2N3Z1 100 971
Bacillus toyonensis U5ZMJ0 94 971
Bacillus anthracis Q81YG5 94 971
Bacillus bombysepticus CY96_16640 99 971
Bacillus weihenstephanensis ER45_13415 95 971
Bacillus thuringiensis XI92_11040 61 965
Bacillus cytotoxicus TU51_11700 61 967
Bacillus gaemokensis BAGA_19830 85 972
Bacillus mycoides A0A0B5SA80 61 965
Bacillus pseudomycoides C3BGN8 57 975

214



Trends in Pharmaceutical Sciences 2015: 1(4):213-222.

Computational analysis of collagenase

and	 soil.	 However,	 the	 collagenases	 of	 the	 safe	
microorganisms have low activity and restricted 
uses.	Until	now,	few	studies	have	been	performed	
on	 safe	 bacteria	 as	 the	 collagenase	 producers.
	 In	 this	 study,	 with	 the	 help	 of	 bioinfor-
matics tools, we aim to get a precise insight into 
phylogenetic	 relationship,	 structural,	 functional,	
and	 physicochemical	 properties	 of	 collagenases	
from	 various	 bacterial	 sources	 in	 order	 to	 find	
new	safe	strains	with	proper	collagenase	activity.

2. Methodology 
2.1 Sequence collection and similarity search
	 The	 collagenase	 amino	 acid	 sequences	

with	 entry	 numbers	 Q9X721	 (Clostridiumhis-
tolyticum),	 P43154	 (Vibrio alginolyticus),	 and	
C2N270	 (Bacillus cereus)	 were	 retrieved	 via	
Uniport	 protein	 databank	 at	 http://www.uniprot.
org	 as	 reference	 sequences	 and	 downloaded	 in	
FASTA	 format	 for	 further	 analysis.	 For	 each	 of	
Clostridium, Vibrio and Bacillus strains	 Protein	
BLAST	 (BLASTP)	 (20)	 against	 reference	 se-
quence	 database	 was	 done	 applying	 Blosum60	
matrix	 to	 gather	 homologous	 sequences.	The	 to-
tal	 30	 collagenase	 protein	 sequences	 with	 entry	
numbers	 from	 different	 species	 of	 Clostridium, 
Vibrio and Bacillus	are	listed	in	Table	1.	The	bold	
font	in	the	Table	1	represents	reference	sequences.

1                            10         20        30        

sp|P43154|Vibrio     M                              A                                 LS                         T LT ST   A      Q           ELKI  VA.....................I  T  .  GVF LSEPVS VTEQ......

tr|C2N3Z1|Bacillus   M                              A                             K    S                 L  VS   S M   S   V L                 GY.. KK..............M VG  F.  L L.G FQG S AEDTKGEQVSYRNVL

tr|Q46085|Clostridium M                              A                             K   LS                 M  IT   T  T NS   I A    N            RKC  KR..............L LA  M.  IF V  TLP Y AVDK N.........

tr|Q9X721|Clostridium M                              A                             K   L                  V  VS     LT NT   V A    N            KNI KILMDSYSKESKIQTVRR TS  LL VY  M  SSL L KPIE TNDTSIKNVE

                   40              50        60        70   

sp|P43154|Vibrio                     S H              V      T        T   SL     .............HAH A TH.....GVEF.NR EYQPTA LPIQPSKA RVQ  ESLDE

tr|C2N3Z1|Bacillus                   S K              L      Q        S   QL V   KMEPVGVQLPVQELAH S VLESKS....FEKR QFADLS RPPEVKKE ..K  A ...

tr|Q46085|Clostridium                                                      TA V   ....................................................A  A QN.

tr|Q9X721|Clostridium                 S K              I      Q        S   SA I   KLRNA....PNE..EN K VEDSKNDKVEHVKN EEAKVE VAPEVKSK TLR  S ANT

     80        90       100       110       120       130   

sp|P43154|Vibrio              L       L              LF                  I        S    L    T S N  I  ILS     VN   S  S       S  HM   A      S TACD EA V E S Q  SE   QGATC  Q   AE RIQESVF SD  YN  KHTTTL

tr|C2N3Z1|Bacillus            L       L              LF                  I           Y I    QLS Q  V LLVT    QIT   QFNT    FY N SRVQ  I  L   .AKT T AE N   N Q  D    IDWE   G      DSLA  Q D    A  DK KQQ

tr|Q46085|Clostridium          L       L              LF                  I        S  Y V    TLN    V LLV     NL    QYSS    FY N TRMS  M  I   E KR T SY K   YYD  D   KTEIE  PD      DAKE  G K    F  DE GRR

tr|Q9X721|Clostridium          L       L              LF                  I        S  Y       LS T    LI N    QIN   NYST    FF   NRVQ  I  L   N EK DFEY NG  Y E TN  K IKWN   G      GSQK  GDK    A  NA QES

    140       150       160       170         180       190 

sp|P43154|Vibrio        YT        T     R G Y    N                    A      F              LE L   L A Y A FY   IS I   T        V     T S    AKG  GGGSDE    FLY       E   DN  F EWV P..AVKES D FVN A  YEN

tr|C2N3Z1|Bacillus      YT        T     R G Y    N                    A      F          D KGIE L EVL   F LGFY   LS LN RSY DK LP L  M  N N KLGGQA  KD S      V    S        SE  K  E   H  C  A K  AN S     

tr|Q46085|Clostridium    YT        T     R G Y    N                    A      F          D KGI  L EVV A F LGF    LN IN RSF ER IP I  I  N N KLGAPQ  EI H   P  V           H KE  E  K   K  V  S L  QK P     

tr|Q9X721|Clostridium    YT        T     R G Y    N                    A      F          D KGIE   EVL A F LGYY   LS LN RNF DK IP M  I  N N KLGGRT  AN M     FT             DG  Y  D   Q  C  A I  QK P     

      200       210       220          230       240        

sp|P43154|Vibrio                                               A                 S    KVLS     M SA L    L Q    L  W     QY          N VF IL  DRHG    EVIIT D  G QHAY P VTQW TR N...D   QHWYMRNAV G  T  F

tr|C2N3Z1|Bacillus                                             A                 T  Q RVVS  G LIGNAS   E ITS   I   Y  N  T           NAIY IM  LE N    SY K      SDV T   AAK FKQ ND FS L DNLSAG...    D  Q

tr|Q46085|Clostridium                                           A                 T  Q KIVS  G LAGN TA  E VNN   IL     N   Y           ALF VL  EV D    AT L    E  PP V   FTP  QDCIK IDR  LDDLKS...K   N  A

tr|Q9X721|Clostridium                                           A                 T  Q  VIT  G LIGNASA  E VNN   VL  F  N  QY          TAV  LI  AV DE   SL K       NA V   CVP  KQ RE LN   PDYVKG...   NE  K

250                  260       270       280       290       

sp|P43154|Vibrio                                     L    L    I                 G  W                   G     A      A    S      FMA N    L R GQ N........EQFVQI...I NQTDL KA GDF  RAS  GAEDE   A AGRE G 

tr|C2N3Z1|Bacillus                                   L    L    I                 G  YD Q  L           WY KID YINE    A   GT T  N WLI NGIY   R VD  I SY YDTRKAPKDTV  Q   S     SRF  M.    AK G   N    YTG 

tr|Q46085|Clostridium                                 L    L    I                    YD T  L           WYGKID FINE    A   G  N  N WII NGIY I  APT  I EY RATKEKPENTP      G     KKL  Y. K  DN S   D    H AP

tr|Q9X721|Clostridium                                 L    L    I                 G  FD S  A           WYGKID FINE        GN T  T WA   GIY L K IE  F GA YE..KDVKTMP      P     KALG Y.    SA E  SDV   Y S 

300       310       320        330       340           350  

sp|P43154|Vibrio                              Y                 Y                L  Y  N S  V      I E   M G   A  WLAA                  I  F  TK TG A SV KSQLSR F QYE   RGD V.    ADTASY AD....CSEFG CN E

tr|C2N3Z1|Bacillus                            Y                 Y                LG F ST T  L      V DAM M PY     FVAAE I          G  V LD     T H  G KG Q....V T   K    LGEQY     Q ATN GGKDAN KV N  QIR

tr|Q46085|Clostridium                          Y                 Y                LG   SN    I      L EVM V PY  M     AD I          G  I LD F   KLH  NKIG E....T T   K    LS QHLQS  Q KRH DSKDAE NK P  K K

tr|Q9X721|Clostridium                          Y                 Y                 G Y TN N  V      L  AV M  Y  I  FVAME I          G  V  D F F L S  R DI Q....S EK  D  K GK A.     R TWD DGIGSN KK DH K L

     360       370        380        390       400       410

sp|P43154|Vibrio               TYT               E                F               E K   L           IL      Q  HA              H  L T        T L GLV SQ   CSPTIR  SQ.NMT  Q  AAC.SKMGYEEGY  QS E GEQPVKDD

tr|C2N3Z1|Bacillus             TYT               E                F               D K KYLPK   FD G  VLKAG KVT EKVKRLYWA KEV  Q HR V SD  LE GNE G K          D AI     D             A   KA    T E  QP  K  

tr|Q46085|Clostridium           TYT               E                F               E K KY PK   FD G  IIKAG RV  EKVKRLYWA KEV  Q  R    D  LE GNK G E  C       D KV     A  E          S   NS  F VYGI KP  E  

tr|Q9X721|Clostridium           TYT               E                F               D   HYLPK   FD G  IIRAG KVS EKIKRLYWA REV  Q HR V ND  LE GND AEK          N TF     D             S   KS    V G  KA  V  

       420       430       440       450       460       470

sp|P43154|Vibrio         L   I  S   Y           T NGG Y E           F  YE             QV  F    D  KY   IF        M L G P       N      S      HNTQ   N  D ST  G  AGP  DIS D        D SQPGNIP  IA  A YANADH

tr|C2N3Z1|Bacillus       L   I  S   Y           T NGG Y E           F  YE         DDV TM  YN P E   FN  LYG       L I G G       T FT  RT   S YP      V     A  .Q  RQ   YE N        T .......        PEE I 

tr|Q46085|Clostridium     L   I  S   Y           T NGG Y E           F  YE         DDI TM  YN P E  K N  LYG       M I P G       T FT  R    S YP      V     E  . L SV   YD N        E .......       EAQE T 

tr|Q9X721|Clostridium     L   I  S   Y           T NGG Y E           F  YE         DDV TM  FN P E  KFN  I G       L I P G       T YT  RT   S FA      K     E  .   TN N VS D        R .......        PQQ I 

        480       490           500       510         520   

sp|P43154|Vibrio            HE  HYL  R    G              W  EG AE  A              V       Y     G F L   F       TEKI  W      Y    N NQ      TF WN.LE   V   D   D Y G S....HP    V  S  I   V QE D  A..ALE 

tr|C2N3Z1|Bacillus          HE  HYL  R    G              W  EG AE  A             SLEELFR  FT   QG Y V   WG    YENERLS FE     FF G TRT  VVPRKS                  E P L  QGKI            N      A   DN      

tr|Q46085|Clostridium        HE  HYL  R    G              W  EG AE  A             TLEELFR  YT   QG Y V   WG    YDNDRLT YE      F G TRTS ILPRKS                  A P Q  RTKL            G  L   S    G      

tr|Q9X721|Clostridium        HE  HYL  R    G              W  EG AE  A             SLEELFR  YT   Q  Y V   WG    YE  RLT FD     FF G TRTS VLPRKS               A  L D L  QGPF  KN        T      S    G      

           530       540       550       560       570      

sp|P43154|Vibrio     I            Y         Y        Y                            L            TL     T            W YLAV FMF         M        DG.......ST   SEIFE T DGFDVDRI R G    R   ENHKDDVNQ ......

tr|C2N3Z1|Bacillus   I            Y         Y        Y                            I  L       R TA  TL         W F NY FAL  YMY K      KI  LI    GG SSNP.AE    ER  NAK GT... D    S   QS   N RYDMFD  HD  RK

tr|Q46085|Clostridium I            Y         Y        Y                            V  I       R  L  TV S       F F NY  M M YMY K      KL  LA    SN HNTTRNN  K SD  H K GA.S. E    AC F D   N DMGILN  ND  KN

tr|Q9X721|Clostridium I            Y         Y        Y                            L  L       R SL  TL S       W F NY FAVA YLY K      KM  AI    GY AKDKVDH    KK  N G DDSD. M    G    H   E DMPTFI  NK  LN

                                                            

sp|P43154|Vibrio     ............................................................

tr|C2N3Z1|Bacillus   NDV  YD     LS     N  YQ  MQ  VD      VP V DDYL  H  K  SDI     TA  AYRST  KDANL KE  DY  ML  NREKYN  L S    AN AS PV   AA

tr|Q46085|Clostridium NDV  YD     LS     N  YQ  MQ  ID      VP V DDYL  H  K  NEI     DG  NYIRD  SNYAL DK  DH  ER  NYENLT  F A    VR AY NP   YS

tr|Q9X721|Clostridium TDV  YD     LS     N  YQ  IQ  AD      IP V DDYL  H  K  SEV     KS  EIIKK  DDANK TE  NH  EL  KYQGAG  L S    KD GY KA   YS

                                                            

sp|P43154|Vibrio                                                         L                                                                  N.................................................... VETRQG 

tr|C2N3Z1|Bacillus                                                       L       EIT  A L        KSQFFNTFTL GTYTG   KG       IT  V  T   L       AE K KNVSVKKN          Q     TAA  EYEHWKT  QN ND  KR SAKE

tr|Q46085|Clostridium                                                     L       EIS  A L        KSQYFSTFTL GSYTG   KG       MN  I  S   L   S   EV K KDAKSEVK          R     GAS  KLEDQKA  KF DD  KK DTY 

tr|Q9X721|Clostridium                                                     L       EIS  A L        KSQYFNTFTL GTYTG   KG       MS  L  T   L   S   KA S TNTSVTAE          R     ETS  EFKDWDE  KK DG  ES AKN 

580       590       600                   610       620      

sp|P43154|Vibrio     W  YK       N                           N  P         G     I          W     S     Q                   A  A IT      V E   IN  ATITQ A LYQ EFEQW QT............LVS G  N V  ANSK K G S 

tr|C2N3Z1|Bacillus   W  YK       N                           N  P         G     I TG  TVTAYF  YRVNT     YDVVFHG            A  A ING     V E             V      SGQFE       INTEEG..AE K  V V   PYS N N A 

tr|Q46085|Clostridium W  YK       N                           N  P         G     I SG  TLTAYF  YKV S    TYDVVFHG            L    ING       E             T    D SNRV        YLPNEGD.SK S  YGK   TYK TEK K 

tr|Q9X721|Clostridium W  YK       N                           N  P         G     I SG  TLTAYF  YRVTS    QYDVVFHG            A  A VTG     V               T      DNKV        VLTDNADISN K  I K   PST A GRN 

 630       640       650       660       670       680      

sp|P43154|Vibrio      F    S D  GKI S  W FGDG  S      H Y   G Y   L VTD  G         SSE         V    D       T   P          SV         LT T T T    N T PN     VL      ST  QTK T Q GSE E   S S   SE   A A H

tr|C2N3Z1|Bacillus    F    S D  GKI S  W FGDG  S      H Y   G Y   L VTD  G         TSD     D     Y  E       N  NP     K  T T       DK AT T T S    G K E    T  K      AV  EQ  T V T E    TK T        N A A

tr|Q46085|Clostridium  F    S D  GKI S  W FGDG  S      H Y   G Y   L VTD  G         SSE     D   V Y  D       N  NP     K  T TV      DK  S   T K    G F P       E      NK  EE  E S D V     K K      E SVS T

tr|Q9X721|Clostridium  F    S D  GKI S  W FGDG  S      H Y   G Y   L VTD  G         S       D   V Y  D          N      K  T NV      DK AT T S E  GKD K E       D      AT RGK SV A K A     T K        A E F

 690       700                      710         720         

sp|P43154|Vibrio     T                                                            V I     N  L                           GG L                  V SALGG DT PQ..DCAVQSK.............VS.  R TAG.EPVCLANQQTIW

tr|C2N3Z1|Bacillus   T                                                            V V     N  V               E EPN     AN   L                  T QKKED S. ............... K   NSFQT  KLQ ................

tr|Q46085|Clostridium T                                                            A I     N  L               E EPN     ASGP V                  E KDLSE K. PVPKSGALNQKPIGT K   NSKET    I PGIPVS..........

tr|Q9X721|Clostridium T                                                            I I     T                  E EPN     ANGP V                  E KNEDT T.............PITK M   DDIKE    I EGVTVKGDLNGSDDAD

730       740        750        760                           

sp|P43154|Vibrio                                                              N  LSVPAVNESSNLAITT.GNGTGNLKLEY.SNSGWPDDT................... LH

tr|C2N3Z1|Bacillus                                                      L     SD ............................................NQVLRAS GNGDT  F

tr|Q46085|Clostridium                                                    I     QD .................................................GT ENTSD  Y

tr|Q9X721|Clostridium                                                    L     ND TFYFDSGIDKNNSKVGTFKSTKGRHYVFIYKHDSASNISYSLNIKGLGNEK KEKEN  S

770       780       790         800                          

sp|P43154|Vibrio          I         NQ    G   V       N  I                       GWSDN GNGECITLS  SNYW YVK SGDFE.. AA VV.DFDA................

tr|C2N3Z1|Bacillus                  TN    G   V   E   N  VT            Y         FEINVETAKNLQINV  ENNI MNW LYS ADL NY  YAQQQGSKLVGS YT.YPGKYY

tr|Q46085|Clostridium      I         N     G   V   E   N  VS            F         FYFDV TPGEVKIDI KLGYG ATW VYD N.. NA  YATDDGQNLSGK KADKPGRYY

tr|Q9X721|Clostridium      V          S            E      VN            W         SDKAT IPNFNTTMQG LLGDDSRDYYSF VKEEGE  IELDKKDEFGVT TLHPESNIN

                810                                         

sp|P43154|Vibrio     ..................QKCRQ                                     

tr|C2N3Z1|Bacillus    HV                                                         L  YQYGGGTGNYTV....EV.K                                     

tr|Q46085|Clostridium  HL                                                         I  YMFNGSYMPYRINIEGSVGR                                     

tr|Q9X721|Clostridium  RI                                                         D  TYGQVDGNKVSNKVKL.RPG                                     

 

Figure	1.	The	comparison	of	collagenase	enzyme	between	Clostridium, Vibrio and Bacillus	species.	The	amino	acid	
sequences	from	V. alginolyticus, B. cereus, C. histolyticum	(ColH),	and	C. histolyticum	(ColG)	were	aligned.	The	
alignment	was	colored	according	to	sequence	conservation	(CLUSTAL	W	matrix).Identical	residues	among	the	four	
sequences	were	colored	by	red	and	the	consensus	HEXXH	sequences	were	surrounded	by	green	box.

215



Trends in Pharmaceutical Sciences 2015: 1(4):213-222.

Navid Nezafat et al.

2.2 Sequence alignment and phylogenetic analyses
	 For	 each	 above-motioned	 strain	 only	 the	
ten	 collagenase	 sequences	 that	 have	 identities	
higher	 than	 30%	 with	 the	 reference	 sequences	
were	 selected.	 T-Coffee	 at	 http://www.ebi.ac.uk/
Tools/msa/tcoffee/	 and	 ESPript	 3.0	 at	 http://es-
pript.ibcp.fr/ESPript/ESPript/	 (21)	 were	 applied	
for	performing	alignment.	Alignments	can	desig-
nate	 the	 conservancy	 of	 the	 amino	 acid	 residues	
among	 different	 strains.	 The	 phylogenetic	 trees	
were	 constructed	 applying	 Neighbor-Joining	
method	 in	 Mega	 6	 software	 (22).The	 bootstrap	
consensus	 tree	 resulted	 from	 1050	 replicates	 is	

taken	 to	 depict	 the	 evolutionary	 history	 of	 the	
taxa	analyzed.	For	each	node	of	branch	the	boot-
strap	 value	 less	 than	 50%	 are	 not	 considered	 as	
a	 reliable	 result.	 All	 positions	 including	 miss-
ing	 and	 gap	 data	were	 deleted	 from	 the	 dataset.

2.3 Physicochemical features of sequences and 
domain identification
	 Various	physicochemical	data	such	as	in-
stability	index,	in vitro and in vivo	half-life,	theo-
retical	 isoelectric	 point	 (pI),	 aliphatic	 index,	 and	
molecular	 weight	 (Mw)	 were	 calculated	 by	 the	
ProtParam	 software	 applying	 EXPASY	 server	 at	
http://web.expasy.org/protparam/	(23).	Conserved	

 

 

 

Figure	2.	Phylogenetic	trees	were	generated	by	Neighbor-Joining	method	based	on	(a)	Clostridium,	(b)	Bacillus,	(c)	
Vibrio	collagenase	from	different	species.	Genetic	distance	and	bootstrap	values	are	indicated.	Phylogenetic	analyses	
were	performed	by	MEGA	6.	
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structural	 and	 functional	 protein	 domains	 were	
determined	 by	 NCBI’s	 CD	 (conserved	 domain)-
Search	tool	at	http://www.ncbi.nlm.nih.gov/Struc-
ture/cdd/wrpsb.cgi	(24).	CD-search	is	the	NCBI’s	
interface	 for	 searching	 the	 Conserved	 Domain	
Database	with	nucleotide	or	protein	query.	 It	ap-
plies	 Reverse	 Position-Specific	 BLAST	 (RPS-
BLAST),	 to	 quickly	 find	 a	 set	 of	 pre-calculated	
position-specific	 scoring	 matrices	 (PSSMs)	 with	

a	protein	query.	High	confidence	relations	among	
a	 query	 sequence	 and	 conserved	 domains	 are	
presented	 as	 specific	 hits.	 Moreover,	 the	 clas-
sification	 of	 bacterial	 collagenases	was	 done	 us-
ing	 MEROPS	 Blast	 Server	 at	 http://merops.
sanger.ac.uk/cgi-bin/blast/submitblast/merops/
advanced	 (25),	 which	 links	 to	 MEROPS	 data-
base.	The	MEROPS	database	is	an	information	re-
source	for	peptidases	and	their	inhibitory	proteins.

Table	2.	Biochemical	properties	and	class	ofcollagenase	enzymes	from	differentspeciesof	Clostridium, Vibrio 
and Bacillus.
Source of organisms Molecular Weight 

(kDa)
Theoretical pI Instability Index Aliphatic 

index
Class of enzyme (ME-
ROPS)

C. histolyticum(ColG) 126.241 5.62 26.70 72.19 M09.002
C. histolyticum (ColH) 116.377 5.82 35.44 70.93 M09.003
C. sordellii 118.450 5.18 31.37 70.54 M09.003
C. botulinum 124.847 5.57 29.42 70.68 M09.003
C. perfringens 125.935 4.93 24.13 72.74 M09.003
C. sporogenes 138.738 5.88 25.94 72.40 M09.003
C. limosum 133.184 6.49 34.14 71.95 M09.003
C. argentinense 114.560 5.34 25.93 73.57 M09.003
C. tetani 114.376 5.86 29.39 76.24 M09.003
C. novyi 112.838 6.54 27.00 80.68 M09.003
V. alginolyticus 89.962 4.51 35.24 74.08 M09.001
V. vulnificus 45.008 4.80 40.43 76.86 M09.004
V. neptunius 91.271 4.57 35.20 69.87 Not assigned
V. owensii 89.749 4.67 33.96 71.27 M09.001
V. parahaemolyticus 89.932 4.53 34.37 71.44 M09.001
V. ichthyoenteri 93.190 4.60 36.65 70.78 M09.001
V. antiquarius 89.853 4.52 34.94 74.78 M09.001
V. coralliilyticus 91.324 4.58 32.75 67.91 M09.001
V. mimicus 91.378 4.92 43.23 76.70 M09.004
V. cholerae 93.314 5.07 34.33 78.25 M09.004
B. cereus 109.805 5,62 24.92 71.79 M09.003
B. toyonensis 109.991 5.69 27.09 79.38 M09.003
B. anthracis 110.035 5.55 25.17 72.78 M09.003
B. bombysepticus 109.927 5.58 25.78 71.69 M09.003
B. weihenstephanensis 109.722 5.52 26.26 73.19 M09.003
B. thuringiensis 110.110 5.38 28.90 70.51 M09.003
B. cytotoxicus 110.950 5.39 28.57 67.16 M09.003

B. gaemokensis 110.492 5,47 26.28 72.62 M09.003

B. mycoides 109.873 5.29 28.06 69.62 M09.003

B. pseudomycoides 111.482 5.80 27.97 66.10 M09.003
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3. Results and Discussion
3.1 Sequence collection, similarity search and 
alignment
	 Microbial	collagenases	are	 important	en-
zymes,	which	are	exploited	in	various	areas	from	
food	 technology	 to	 cosmetic	 and	medical	 indus-
tries	(4-5,	26).	But,	undoubtedly,	the	most	notable	
usage	 of	 bacterial	 collagenases	 is	 in	 the	medical	
industry.	Currently,	bacterial	collagenases	are	ap-
proved	as	therapeutic	agents	in	a	number	of	human	
diseases.	 Presently,	 collagenase	 produced	 by	 C. 
histolyticum	is	commercially	used	as	a	drug,	due	to	
its	wide	specificity	to	collagen,	compared	to	other	
collagenase.	Besides	 the	prominent	 advantage	of	
C. histolyticum,	it	has	some	deficiencies	like	inac-
tivation	after	a	5-min	incubation	at	60	°C	or	patho-
genicity	(14,	27).	 In	 this	regard,	 looking	for	new	
sources	of	enzyme	with	high	stability,	fewer	patho-

genicity	 and	 efficient	 enzyme	 activity	 is	 crucial.	
Searching	 for	 novel	 collagenase	 producers	 from	
various	 kinds	 of	 bacteria	 is	 time-consuming	 and	
tedious.	To	confer	this	obstacle,	the	bioinformatics	
tools	 are	 exploited.	Nowadays,	 the	 on-hand	 bio-
informatics	methods,	utilized	in	diverse	biological	
areas	(28-30),	assist	researchers	to	bypass	some	of	
these	costly	and	laborious	bench-work	steps	(31).	
So	a	series	of	wide	studies	were	performed	on	var-
ied	properties	of	the	collagenase	enzyme	of	V. al-
ginolyticus	(9),	C. histolyticum	(14)	and	B. cereus 
(16),	in	this	reason;	they	were	selected	as	reference	
species	in	our	research.	A	BLASTP	search	showed	
that	more	than	30%	identity	was	observed	in	dif-
ferent	 species	 of	 Vibrio, Clostridium and Bacil-
lus,	so	it	could	be	concluded	that,	the	collagenase	
from	 various	 sources	 possess	 similar	 structures	
and	functions	(Table	1).	The	most	frequent	bacte-
rial collagenases are metalloproteases that share a 

 

Figure	3.	The	different	domains	of	collagenase	in	various	species	of	Bacillus, Vibrio, and Clostridium.	Domains	de-
picted:	peptidase_M9_N,	representing	peptidase	family	M9	N-terminal;	this	domain	is	found	in	microbial	collagenase	
metalloproteases;	peptidase_M9,	Collagenase;	this	family	of	enzymes	break	down	collagens;	PKD,	polycystic	kidney	
disease	I	domain;	similar	to	other	cell-surface	moduleswith	an	IG-like	fold;	PPC,	bacterial	pre-peptidase	C-terminal	
domain;	this	domain	is	normally	found	at	the	C-terminus	of	enzyme.
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zinc-containing	HEXXH	motif	 sequence	 at	 their	
active	sites	and	according	to	MEROPS	database;	
they	belong	to	the	peptidase	family	M9	(25).	The	
MEROPS	M9	is	subclassified	into	four	subfamily	
types	based	on	diversities	in	their	amino	acid	se-
quences	and	catalytic	function.	The	classifications	
of	the	studied	collagenase	enzymes	are	presented	in	
Table	2.	In	our	study,	the	amino	acid	sequences	of	
V. alginolyticus, C. histolyticum	(colH	and	colG),	
and B. cereus	collagenases	were	aligned	to	find	the	
identical	residues	(Fig.	1).	Moreover,	the	HEXXH	
conserved	motif	is	observed	in	all	four	sequences.

3.2 Phylogenetic and physicochemical analyses of 
different collagenases
	 Phylogenetic	 studies	 of	 different	 species	
of	Clostridium indicated that C. argentinense and 
C. limosum are close to C. histolyticum	(ColH)	and	
C. histolyticum	 (ColG),	 respectively	 and	 instead	
of	C. histolyticum,	 collagenase	 enzyme	 from	C. 
argentinense and C. limosum	could	be	used	(Fig.	
2a).	Apart	from	C. histolyticum	 (ColG),	which	is	
a	member	 of	M09.002	 subfamily,	 the	 remaining	
Clostridium	species	belong	to	M09.003subfamily.	
In	the	Bacillus	phylogenetic	tree,	as	shown	in	Fig	
2b,	B. cereus is very close to B. bombysepticus and 
close to B. weihenstephanensis, B. toyonensis and 
B. anthracis,	but	differerent	from	B. pseudomycoi-
des, B. mycoides and B. cytotoxicus.	All	 the	Ba-
cillus	 species	belong	 to	M09.003	 subfamily.	The	
phylogenetic	tree	of	Vibrio species shows that, V. 
mimicus, V. cholerae and V. vulnificus are close to 
each	other	and	belong	to	M09.004	subfamily,	while	
the	others	are	grouped	into	M0.001	subfamily	(Fig.	
2c).	In	addition,	V. alginolyticus is very close to V. 
antiquaries.	 Bacterial collagenases	 contain	 four	
domains:	 peptidase-M9,	 matching	 with	 the	 acti-
vator	domain	 (AD),	peptidase-M9	domain;	poly-
cystic	kidney	disease	(PKD)	domain,	and	PPC,	the	
bacterial	pre-peptidase	C-terminal	domain	(match-
ing	to	CBD	(collagen-binding	domain))	that	orga-
nized	 in	 distinct	 architecture	 in	 different	 species	
(Fig.	3)	(24).Fig	3	indicates	that	collagenases	from	
Clostridium	 share	 common	 domains	 with	Vibrio 
and Bacillus	 collagenases.	 The	 C. histolyticum 
(ColG)	 collagenase	 possesses	 two	 tandems	 PPC	
domain	allows	it	binding	 to	all	 types	of	collagen	
fibrils;	thus,	this	collagenase	has	been	approved	to	

indicate	broad	substrate	specificity	due	to	its	PPC	
domains.	In	 this	regard,	 the	collagen-binding	do-
mains	that	named	PPC	are	really	promising	for	ap-
plications.	In	our	research,	we	found	that	C. novyi 
and V. cholerae	both	have	two	PPC	domains.	Al-
though	the	V. cholerae	is	a	pathogen	but	some	non-
pathogenic	species	of	C. novyi	are	available	such	
as C. novyi-NT.	Molecular	mass	 is	 an	 important	
characteristic	 of	 bacterial	 collagenase,	 which	 is	
varied in Vibrio, Clostridium and Bacillus species 
(Table	 2).	 For	 instance,	 the	molecular	masses	 of	
collagenase	from	C. histolyticum, V. alginolyticus, 
and B. cereus	are	uncommonly	high	compared	to	
other	metalloproteases	 (8).	The	higher	molecular	
masses	of	bacterial	collagenases	can	be	illustrated	
most	likely	by	the	presence	of	the	CBD,	as	men-
tioned	above.	Stability	is	one	of	the	important	fea-
tures	for	the	industrial	production	of	various	pepti-
dases.	Although	microbial	collagenases	have	been	
produced	by	a	broad	range	of	mesophilic	bacteria,	
the	 industrial	 scale	 uses	 of	 known	 bacterial	 col-
lagenases	have	been	hindered	due	 to	 their	 insuf-
ficient	stabilities.	An	instability	value	higher	than	
40	presents	the	protein	as	unstable.	Our	instability	
results	indicate	that	all	enzymes	are	stable	(Table	
2).	As	 mentioned	 earlier,	 searching	 for	 bacterial	
collagenases with high catalytic activity and sta-
bility	 in	 thermoacidophilic	 environments	 (60	 °C,	
pH	4.0)	 is	 pivotal	 in	 industrial	 applications.	The	
high	range	of	aliphatic	indices	shows	that	the	pro-
teins	 are	 thermostable.	Moreover,	 from	 the	 view	
of	pI	 index,	 the	proteins	 locating	 in	 the	 range	of	
4	 to	 6	 are	 acidic.	 The	 non-pathogenic	 C. novyi 
(NT)	with	the	highest	aliphatic	index	(80.68),	in-
stability	index	(27),	pI	(6.54),	Mw	(112.838	kDa),	
and	 two	PPC	domain	 is	one	of	 the	potent	bacte-
ria	 for	 the	 industrial	 production	 of	 collagenase.
4. Conclusion 
	 For	 finding	 new	 industrial	 sources	 of	
bacterial	 collagenase,	 the	 various	 features	 of	
collagenase	such	as	instability	index,	pI,	aliphatic	
index,	and	Mw	were	evaluated	from	different	spe-
cies	of	Vibrio, Clostridium and Bacillus.	Our	data	
shows that C. novyi	 is	 a	 potential	 bacterium	 for	
the	 industrial	 production	 of	 collagenase	 enzyme.	
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