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There are exponential increases in the number of microbes acquired or which build resistance against 

various antibiotics. In this study we show that, a single strain, (Escherichia coli ATCC 8739 found in the 
protein database) has different β-lactamases. By investigating the Blast protein database for the existence 
of one of that different E. coli β-lactamases, the result shows that this protein can be found in hundreds of 
different microbes with 100% identity. Multiple alignment for both of β-lactamases of four E. coli strains 
alone or with sixteen other sequences represent β-lactamases of the classes A, B, C and D have been 
generated. A Phylogenic tree for the used β-lactamases shows that the four E. coli β-lactamases clustered 
with those of class C. Protein models for the four E. coli β-lactamases have been built from β-lactamases 
3D structure using software modeller. Further more, the purpose of this study is to investigate other 
resistance mechanism. A model has been built to clarify the role of biofilm in the resistance elevation 

which can mimic what has been happened in reality. Alginate isolated from Pseudomonas aeruginosa 

9027 has been produced, purified and used. E. coli and Bacillus stearothermophilus ATCC 7953 were 
sensitive to Penicillin or streptomycin has been used to show the role of biofilm in resistance.  
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INTRODUCTION 
 
Pathogenic microbes can be identified using molecular 

biology and or the biochemical tools (Robert and Pihet, 

2008; Allerberger, 2003; Valenzuela, 2002). In parallel to 
that, various antibiotics sensitivity experiments usually 
used to determine the best antibiotic(s) for the treatment 
(Fox and Park, 2011; Chakraborti et al., 2010; Petrozzino 
et al., 2010; Deun et al., 2010; Domonoske and Severson 
2009; Vrtis, 2008). However, the in vitro treatment could 
not guarantee the  recovery  due  to  the  elevation  of  new  
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resistance(s) (Daschner et al., 1987). The main reason is 
the global pollution with organo-chemical or the unwise 
treatments with the antibiotics (Nogales et al., 2011; 

Kümmerer, 2009). New strategies are in demand. Treating 

patients with broad spectrum antibiotics induce resistant 
(Lo and Cullen, 2006). The resistance to antibiotics 
happened mainly due to the acquiring of R-factor(s) or 
due to new mutation(s) in old but useless existing 
resistance gene(s) (Blizzard et al., 2010; Mendoza et al., 
2009; De La Cueva-Méndez and Pimentel, 2007). 
Antibiotics resistance reduces the chance of the patient in 
recovery. Amara (2011); Amara and Hussain (2006); 
Hussain and Amara (2006) reported that those mutations 
could induce microbial variation under the strain level.  



 

 
 
 
 

TEM β-lactamase is the most prevalent one in Gram-
negative enteric bacteria (Venkatachalam et al., 1994; 
Matagne et al., 1998). Venkatachalam et al. (1994) 
introduce amino acid substitutions in the active-site 
pocket of the β-lactamase. The experiments have been 

identified in natural isolates with increased resistance to 
extended-spectrum cephalosporins, such as cefotaxime 
and ceftazidime. Mutants were selected for 100-fold more 
ceftazidime resistance than wild-type. All mutants had a 
serine substitution at position 238, a lysine or arginine at 
position 240, and a small amino acid at position 241. The 
role of each substitution was investigated by constructing 
individual G238S, E240K, and R241G mutants as well as 
the G238, SE240K double mutant. The G238S mutant 
increases catalytic efficiency for both ceftazidime and 
cefotaxime. However, to achieve significant increases in 
catalytic efficiency, both G238S and the E240K mutants 
are required. The R241G mutant results in a small 
increase in catalytic efficiency for only ceftazidime. This 
example has been done in the lab; however nature is 
more dynamic and the probability that similar or diverse 
forms can be occur is very high. The existence of another 
protective mechanism in certain microbes can give the 
chance and the time for the resistance to be done, 
acquired and established. Spore forming bacteria can 
produce spore for protecting the microbes against 
antimicrobial agents till the condition become more 
suitable for germinating a vegetative cell (Fisher and 
Phillips, 2009; Helmann, 2006; Brett et al., 2005; 
Moyenuddin et al., 2002; Gröschel, 1996). 
Exopolysaccarid formation is another system for the 
protection (Amara et al., 2011).  

Alginate can cause mechanical protection by coating or 
immobilizing the microbial cells. Hyperdization with 
resistant microbes can also exist naturally. 
Transformation can transfer R-factor harboring plasmid or 
integrate it in the genomic DNA (by transposon elements) 
and stable new gene or genes acquired (Clewell et al., 
1995; Lupski, 1987; Tally and Malamy, 1986; Horaud et 
al., 1985; Tally et al., 1984). The studies done on the 
different microbes have neglected the role of the microbial 
community in the resistance elevation except in issues 
such as R-factor transformation. β-lactamase which is a 
subject for many studies which proved their wide diverse 
due to mutagenesis as a result of induced resistance has 

been a subject for investigation. This study is an 

investigation about β-lactamase resistance and the role 
of microbial strains individually and collectively in the 
resistance elevation. Both bioinformatics tools and 
experiments have been used to prove the role of single 
microbe or the microbial community in the elevation of 
resistance. Alginate has been used to mimic how 
sensitive strains can survive if it existed near the biofilm 
producing bacteria such as Pseudomonas aeruginosa 
(Alginate has been used to represent the P. aeruginosa). 
This survival can give the sensitive strains the time and 
the chance to gain or to build a real resistant structure.  
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The results obtained from this study proved that the 
mutation of certain β lactamase gene in a particular strain 
could happened individually (in the same strain) or 
collectively due to the interaction between different 
microbes. This paradigm of the microbial resistance 
become more complicated time after time and more 
sensitive investigation tools are in demand. The objective 
of this study is to analysis the β-lactames resistance 
diversity within one or more microbes on the level of 
protein structure/function. And to prove that one microbe 
could have different types of β-lactames while different 
microbes could have the same type due to mutation within 
the same species and transformation within different 
species. Biofilm as a mechanism involved in resistance 
has been also investigated. 
 

 
MATERIALS AND METHODS 
 
Microbial strain 

 

The microbial strains used in this study to conduct experiments are 
Escherichia coli ATCC 8739, Bacillus stearothermophilus ATCC 
7953 and P. aeruginosa ATCC 9027. E. coli ATCC 8739 has been 
used in the bioinformatic invastigations. 
All bacterial strains were grown routinely in LB (Luria-Bertani) solid 
medium at 30°C (Sambrook, et al., 1989; Amara et al., 2011).  
 

 
In flask alginate production at 37°c 
 

The alginate has been produced from P. aeruginosa ATCC 9027 
following the method described by Amara et al. (2011) and the 
static LB broth culture at 37°C has been used.  
 
 
Alginate purification and characteriation 

 
50 mM EDTA has been added to the culture and the mixture has 
been vortex gently. The cells have been separated from the 
supernatant using centrifugation at 1500 rpm for 10 min. The 
supernatant then collected and double volume of cold ethanol has 
been added. The mixture then has been left in -70°C refrigerator for 
3 h (Amara et al., 2011). The alginate precipitate has been 
collected by centrifugation at 13000 rpm. The precipitate then 
dialyzed against distilled water (pH 8) in 2 L of water volume at 
room temperature and gentle stirring. The dialysis continued for 24 
h. The alginate then collected and dried. The alginate has been 
examined using FT-IR spectrophotometer. One mg of pure dried 
alginate was used for IR analysis following the method described by 
Sherbrock-Cox et al. (1984) and Amara et al. (2011). The IR 
spectrum was compared with a known alginate sample using 
Shimadzu-Spectrophotometer. 
 

 
Agar disc diffusion methods (antibiotics-sensitivity test) 
 
Conventional agar disc diffusion method was performed, as 
described in NCCLS documents (NCCLS, 1999; Kiehlbauch et al., 
2000), to determine the antibiotic sensitivity (Table 1). The used 
antibiotics as disks are IPM-10 (Primaxin TM-Cerbapenem), TE-15 
(TelithromycinTM-Ketolide), SXT (Sulfamethoxazole/Trimethoprin-
Folic acid pathway inhibitor), ATM-30 (Aztreonam-Monobactam), 
CRO-30 (RocephinTM-Cephem/Cephalosporin II), FOX-30 
(Mefoxin-Cephem/Cephamycin/Cephalosporin   II)      and     AMC-3  
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Table 1. Antibiotic sensitivity test. 
 

Antibiotic names 
Microbial names and antibiotic sensitivity results 

E. coli ATCC 8739 B.  stearothermophilus ATTC 7953 P. aeruginosa ATCC 9027 

IPM-10 s s s 

TE-15 r s r 

SXT r r r 

ATM-30 r r s 

CRO-30 r r r 

AMC-3 r r r 

Pinicillin/Streptomycin 5 µl/disk s s r 

 
 
 
(Augmentin-β-Lactam/β–Lactamase inhibitor combination). 
Pinicillin/Streptomycin [Gibco BRL-Life technologyies Inc. USA 
(5000 units Pinicillin /ml: 5000 µg/ml Streptomycin sulphate upon 
dehydration with 20 ml water)] has been prepared manually and 5 
µl added on a filter paper disk (For each one µl contain 5 units 

penicillin and 5 µg streptomycin). The different used antibiotic disks 
have been loaded on the surface of NA plates (Instead of Muller-
Hinton agar) contain the tested organisms (on its surface). The 
tested organisms are: E. coli ATCC 8739, B. stearothermophilus 
ATTC 7953 and P. aeruginosa ATCC 9027.  The plates with the 
tested strains and antibiotic disks have been incubated overnight at 
37°C. The diameter of the zone of inhibition for each antibiotic has 
been determined and the results represented as sensitive (s), 

resistant (r) or moderate (m).  
 
 
Study of the performance of the antibiotic in the presence of 
alginate  
 
An experiment was designed same to the above antibiotic disk 
diffusion method. After spreading E. coli ATCC 8739 and B. 

stearothermophilus ATTC 7953 (sensitive to P/S and unable to 
produce alginate) on the surface of the plat. The plat left for the 
complete dryness and to allow the organism to establish 
themselves on its surface. Different concentration of the alginate 
has been used and represent concentrations equal to 0, 333, 666, 
1000 and 1333 µg/ml. On the surface of each plat 50 µl of the 
alginate different concentration has been loaded each in one plat 
respectively just beside the center of the plat. The antibiotic disk 
then put in the center of the plat. Plates incubated at 37°C for 

overnight and the effect of alginate has been evaluated. 

 
 
Multiple alignments, phylogenic tree and protein models  

 
Multiple alignment for four β-lactamases protein sequances 
(collected from the Blast-Database) of the E. coli ATCC 8739 strain 
alone or with sixteen other microbial β-lactamases have been 
generated (Clustal X version 2.0, BioEdit v. 7.0.9.0. and MEGA 5 
have been used) (Hall 1999; Tamura et al., 2011; Larkin et al., 
2007; Amara et al., 2009). Phylogenic tree for the used β-
lactamases has been generated too 
(hllp://tree.bio.ed.ac.uk/software/figtree). Four protein models for 
each of the E. coli ATCC 8739 β-lactamases have been performed 
using the software Modeller v 9.8 (Webb et al., 2008; Marti-Renom 
et al., 2000; Sali and Blundell, 1993; Fiser et al., 2000). The modles 
have built from the well identified β-lactamases structures pdb files 

2 whg.pdb (Lassaux et al., 2011); 2 wrs.pdb (Lassaux et al., 2010); 
2 wzx.pdb (Clizzard et al., 2010) and 3if6.pdb (Docquier et al., 
2010). 

RESULTS AND DISCUSSION 
 

The spreading of the antibiotics resistance causes a 
tremendous health problems. On other hand, the eleva-
tion of a resistant to a certain antibiotic put the producers 
under pressure. Companies loss the profits gained from 
selling this antibiotic and they are in need to invest in a 
new one. This investment is highly expensive, costly and 
time consuming. Amara and Hussain (2006) highlighting 
that (P. aeruginosa was the main example) using single 
disinfectant could elevate mutation as well as causing a 
big variation in the microbial community (Amara and 
Hussain, 2006; Hussain and Amara, 2006). Perhaps the 
clearest example which supports our speculation is the 
story of the Penicillin. This natural wonderful safe 
antibiotic and due to misuse become nearly useless. 
Even new Penicillin derivatives gained new resistance. E. 
coli β-lactamase has been selected to start the 
investigation. By searching for the E. coli ATCC 8739 β-
lactamse using its name only 28 sequences have been 
obtained. From those sequences, four were with clear 
reference to β-lactamases for further investigations [β-
lactamase 1: gi|169756765|gb|ACA79464.1| Beta-
lactamase [E. coli ATCC 8739]; β-lactamase 2: 
gi|169754216|gb|ACA76915.1| beta-lactamase [E. coli 
ATCC 8739]; β-lactamase 3: 
gi|169756179|gb|ACA78878.1| beta-lactamase [E. coli 
ATCC 8739]; β-lactamase 4: 
gi|170021837|ref|YP_001726791.1| beta-lactamase [E. 
coli ATCC 8739]]. The multiple alignments for these four 
β-lactamase protein sequences and unexpectedly show a 
great variation between three of them while two are 100% 
identical as in Figure 1. Even so, 20 conserved amino 
acids only have been obtained. By applying one 
sequence (gi|169756765|gb|ACA79464.1| β-lactamase 
[E. coli ATCC 8739]) in the blast protein database 
hundred of sequences represent different microbial β-
lactamases have been found with 100% identity. This 
proves that one' gene is different in the same strain 
(isolated from different sources) but same in hundred 
different microbes! β-Lactamase is a subject for 
modification in its main host (E. coli ATCC 8739 might not 
be its mother host) and it is a subject for transformation 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Docquier%20JD%22%5BAuthor%5D
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Figure 1. Phylogenetic tree of 20 β-lactamases. Four β-lactamases for E. coli ATCC 8739, Class A, B, C and D. The branching order and distance score were calculated by the program tree 
as described by Feng and Doolittle (1987).  
 

 
 

within the different microbes. Whether E. coli 
ATCC 8739 might obtained another copy of β-
lactamase from another microbe or not, we 
investigate the homology of the four used β-
lactamases side by side with sixteen other β-
lactamases. Each four β-lactamases represent 

class A, B, C or D. The multiple alignments and 
the phylogenic tree proved that the four E. coli β-
lactamases have been clustered in the same 
class (C) (Figure 3) which is a strong indication 
that they are modified inside E. coli ATCC 8739 
and not as a result of transformation. The multiple 

alignments in Figures 2 and 3 have proved that 
there is a big variation between the various β-
lactamases. Even there are differences between 
three β-lactamases of the E. coli ATCC 8739 (one 
has used as control) but we have found 20 
conserved   amino   acids   [100%]  (Figure  1).  In  
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Figuer 2. Multiple alignment of primary structures of 4 β-Lactamases (E. coli ATCC 8739). Amino acids are shown in one-letter abbreviations. The faint shaded line show conserved amino 

acids while dark shaded represent 100% conserved amino acids. 
 
 
 

contrast, when there is comparison in the level of 
classes (A, B, C and D), we obtained 0 conserved 
amino acids [100%] (Figure 3). Protein model for 
each of the different E. coli ATCC 8739 β-
lactamases have been generated. The models 

proved that there is a critical change in the 3D 
structure of β-lactamases. The identical β-
lactamases (Figure 4 (1, 4)) gave the same 
structure as a proof of the efficiency of the 
modeling. In fact the results obtained above is 

coming as a derivatives from our main plan in this 
study to investigate the role of alginate in 
protecting β-lactamases microbe to survive in 
nature against other combination (P/S) as a part 
of the collective microbial survival mechanism.  
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                                                              *        20         *        40         *        60         *        80         *       100         *       120       

169756765|gb|ACA79464.1| E. coli ATCC 8739         : ---MFK--TTLCALLITASCSTFAAP----QKIND--------IVHRTITPLIEQQKIPGMAVAVIYQG--------KPYYFTWGYADIAKKQPVTQQTLFELGSVSKTFTG-VLGGDAI :  94 
169754216|gb|ACA76915.1| E. coli ATCC 8739         : ---MKRTMLYLSLLAVSCSVSAAKYPVLTESSPEKAGFNVERLNQMDRWISQQVDVGYPGVNLLIIKDNQIVYRKAWGAAKKYDGSVLMEQPVKATTGTLYDLASNTKMYATNFALQKLM : 117 

169756179|gb|ACA78878.1| E. coli ATCC 8739         : ---MKRSLLFSAVLCAASLTSVHAAQPITEPEFAS-------DIVDRYADHIFYGSGATGMALVVIDGN--------QRVFRSYGETRPGNNVRPQLDSVVRIASLTKLMTS-EMLVKLL : 101 

170021837|ref|YP_001726791.1| E. coli ATCC 8739    : ---MFK--TTLCALLITASCSTFAAP----QKIND--------IVHRTITPLIEQQKIPGMAVAVIYQG--------KPYYFTWGYADIAKKQPVTQQTLFELGSVSKTFTG-VLGGDAI :  94 

334108328-AEG45218.1-beta-lactamase-class-A-       : -----------------MSGDHASDQYPARMGVTG-----------------THSDGIPVVAYQVARADG----------TVLASRGADEPFYAASTVKLAVLVAAARALES----GRLA :  72 

329128949-AEB73502.1-beta-lactamase-class-A-       : -------------------------MSELSETIER-----------------VMADSSFKYGLLIQSNG--------------QTLVDHDSHEAFPSASLIKLAILNDVLDS-------N :  57 

342162681|ref|YP_004767320.1-beta-lactamase-class-A: MRKFLIILLLPSFLTISKVVSTEKEVVYTSKEIYYLSQSDFGIYFREKLSSPMVYGEVPVYANEDLVVE--------SGKLTPKTSFQITEWRLNKQGIPVFKLSNHQFIAADKRFLYDQ : 112 

340528492-AEK43697.1-beta-lactamase-class-A-       : -------MPFPRARRAALAALLLVPLAACTAQAPQ------------------PAPASAATPAAAPQPD---------FAPLERSFDARLGVYALDTGSGREITHRADERFGYASTHKVF :  86 

334860674-AEH11148.1-beta-lactamase-class-B-       : ---------MPPPPNEQPDDWTEPGAHPVAAGVYR-------------IPLPLPYSGLRAVNVYVVPDV--------DGLVVVDSGWAMPSTESALATALSTLGYQLDDVSR-VMVTHAH :  89 

340532335-AEK47540.1-beta-lactamase-class-B-       : ---------MSAPAYGVLRQVSATASVLLENNPSS-----------------MTLEGTNSWVLRATPSS--------PAVVVDPGYRDLEH---------LELLAGIGAVEL-ILLTHCH :  76 

348175536|ref|ZP_08882430.1-beta-lactamase-class-B : ---------MNDSAAEARHAWIESGVFEVAPGVHR-------------IPLPLPNDGLRAVNVYAIEDG--------DGLVLIDSGWALDEARDQLESALGELGYGFEDVQR-FLVTHAH :  89 

325000211|ref|ZP_08121323.1-beta-lactamase-class-B : ------MSLPTVTDDDPDGDWTAPGVFRCAPGVYR-------------IPLPLPQDGLRAVNVYAIADA--------DGWTLVDSGWAIDESRDLLGKALAALGSGFGDVRR-FLITHAH :  92 

2569957|emb|CAA75401.1-beta-lactamase-class-C-     : --MMKK--SLCCALLLTASFSTFAAAKT-EQQIAD--------IVNRTITPLMQEQAIPGMAVAIIYEG--------KPYYFTWGKADIANNHPVTQQTLFELGSVSKTFNG-VLGGDAI :  98 

11544709|emb|CAC17627.1-beta-lactamase-class-C-    : ---MRKSTTLLIGFLTTAAIIPNSGALA-ASKVNDG---DLRRIVDETVRPLMAEQKIPGMAVAITIDG--------KSHFFGYGVASKESGQKVTEDTIFEIGSVSKTFTA-MLGGYGL : 104 

340530090-AEK45295.1-beta-lactamase-class-C-       : ------MADFEVDVDPAEAGFDAARLSRIDAHFDR----------------YVEDGRLPGWLAVVSRHG-------RIVHIGRGGQRDVEASLPVETDTLWRIFSMTKPITS-VAAMMLA :  90 

213988270-ACJ58569.1-beta-lactamase-class-C-       : -MRFKKISCLLLSPLFIFSTSIYAGNTPKDQEIKK--------LVDQNFKPLLEKYDVPGMAVGVIQNN--------KKYEMYYGLQSVQDKKAVNRSTIFELGSVSKLFTA-TAGGYAK : 102 

298700538-ADI91103.1-Beta-lactamase-class-D-       : --------------MYKKVLVVATATLFLSACSSN----------------IVKQHQIHSISANKNSEE----------IKSLFDQAQTTGVLVIKRGQTEEIYGNDLKRAS----TEYV :  76 

344924032|ref|ZP_08777493.1-Beta-lactamase-class-D : ----------------------MKIIAKISTLITG-----------------ITIATGSSFAMEVTASS--------------LNPLGRSGFIAKQDGVVIKTVGKFEER--------RA :  59 

338820232-EGP54206.1-beta-lactamase-class-D-       : -----------------MSIRTISKTFSFSALIFS-------------------------ILVGFSSAA---------------HAQECTLIVEAQTGATVEEKGACDKRYT-------- :  55 

336315817|ref|ZP_08570724.1-beta-lactamase-class-D : ---------------MSVLKLSFSILCLASASFCS----------------AAEPAKTADWQATFTKFN---------------AKGTLVISDERAKPATLQVFNPERAKQR------MA :  68 

                                                                                                                                                                                    

                                                                                                                                                                                    

                                                              *       140         *       160         *       180         *       200         *       220         *       240       

169756765|gb|ACA79464.1| E. coli ATCC 8739         : ARGEIKLSDPATKYWP---ELTAKQWNGITLLHLAT-----------YTAGGLPLQVPDEVKSSSDLLRFYQNWQPA------------------WAPGTQRLYANSSIGLFGALAVKPS : 182 

169754216|gb|ACA76915.1 E. coli ATCC 8739          : SEGKLHPDDRIAKYIPGFADSPNDTIKGKNTLRISDLLHHSGGFPADPQYPNKAVAGALYYQDKGQTLEMIKRTPLE------------------YQPGSKHIYSDVDYMLLGFIVESVT : 219 

169756179|gb|ACA78878.1| E. coli ATCC 8739         : DQGTVKLNDPLSKYAPPGARVPTYNGTPITLVNLATHTSAL----PREQPGGAAHRPVFVWPTREQRWKYLSTAKLK------------------AAPGSQAAYSNLAFDLLADALANAS : 199 

170021837|ref|YP_001726791.1| E. coli ATCC 8739    : ARGEIKLSDPATKYWP---ELTAKQWNGITLLHLAT-----------YTAGGLPLQVPDEVKSSSDLLRFYQNWQPA------------------WAPGTQRLYANSSIGLFGALAVKPS : 182 

334108328-AEG45218.1-beta-lactamase-class-A-       : LDRTVASRHTFTSQVPG-----------------------------------------------------APDFRIEP-----------------DDLDEGMPPSGAPMRLAEVLERMVV : 122 

329128949-AEB73502.1-beta-lactamase-class-A-       : VDLDQSVDVSTDELVG--------------------------------------------------------------------------------GAGILQLMSVRPWKLRDLLALMIS :  97 

342162681|ref|YP_004767320.1-beta-lactamase-class-A: SEVTSTIKKVWLESDFKLYNSPYDLKEVKSSLSAYS----------QVSIDKTMFVEGREFLHIDQVGWVAKESTSEEDNR-----------MSKVQEMLSEKYQKDSFSIYVKQLTTGK : 211 

340528492-AEK43697.1-beta-lactamase-class-A-       : SAGAVLRRTSLDGLAKN------------------------------------------------------------------------------LTYTRADLQPNSPVTEKHVTTGLSL : 128 

334860674-AEH11148.1-beta-lactamase-class-B-       : HDHYTQALALRARFGT---KVSIGWGEHHSILAGEK----------SEVLTRPQIAMLLRCGAPELAERYARYLVHE------------------TDHSQNAPWGPPDSWLDDGDVVGLA : 178 

340532335-AEK47540.1-beta-lactamase-class-B-       : PDHAEGAPWFAERVGAP-----------------------------------------------------VRAFDPS------------------LCVGTSSFVDGEEISAGG------- : 118 

348175536|ref|ZP_08882430.1-beta-lactamase-class-B : RDHYTLAVALRRNFGS---RISLGAGEQPSVEALLS----------NRQEAEAER--LRRWGADELLTKLAEAYGGQ------------------APKSR-SRYELPDEWLEGKVEILLV : 175 

325000211|ref|ZP_08121323.1-beta-lactamase-class-B : RDHYTLASILRREYGA---RVLLGAGEKPNLDIIASP---------DRAEREPERTRLLRCGAADIVEEIGRSGPWP------------------RPVP--EEWEAPDEWIADRAAIAVG : 180 

2569957|emb|CAA75401.1-beta-lactamase-class-C-     : ARGEIKLSDPVTKYWP---ELTGKQWRGISLLHLAT-----------YTAGGLPLQIPDDITDKAALLRFYQNWQPQ------------------WTPGAKRLYANSSIGLFGALAVKPS : 186 

11544709|emb|CAC17627.1-beta-lactamase-class-C-    : ATGAFSLSDPATKWAP---ELAGSSFDKITMRDLGT-----------YTPGGLPLQFPDAVTDDSSMLAYFKKWKPD------------------YPAGTQRRYSNPSIGLFGYLAARSM : 192 

340530090-AEK45295.1-beta-lactamase-class-C-       : EEGLLELDSPISQWLPEFASPRVYVKGSALAPSTESATSPIRVWHLLTHTAGLTYGFHHGHPVDAIYRAAGFEWGTPPGLDLAACSSKWAALPLLFQPGTEWNYS-VATDVLGRLVEVVS : 209 

213988270-ACJ58569.1-beta-lactamase-class-C-       : NKGKISFDDTPGKYWK---ELKNTPIDQVNLLQLAT-----------YTSGNLALQFPDEVQTDQQVLTFFKDWQPK------------------NPIGEYRQYSNPSIGLFGKVVALSM : 190 

298700538-ADI91103.1-Beta-lactamase-class-D-       : PASTFKMLNALIGLEH-------------------------------------------------------------------------------------HKATTTEVFKWDGQKRLFP : 111 

344924032|ref|ZP_08777493.1-Beta-lactamase-class-D : PFSTFKVPLALMGFDAG----------------------------------------------------ILENKDSP-------------------RLEFKEEYEKNLGDWYTHEQGVAY : 108 

338820232-EGP54206.1-beta-lactamase-class-D-       : AASTFKVALALMGYDAG-----------------------------------------------------------------------------------ILTDAHTPLWNWQEGMRAPA :  92 

336315817|ref|ZP_08570724.1-beta-lactamase-class-D : PASTFKIPHSLMALDAG------------------------------------------------------------------------------------ALKDEFQLFRWDGVERSFA : 104 

                                                                                                                                                                                    

                                                                                                                                                                                    

                                                              *       260         *       280         *       300         *       320         *       340         *       360       

169756765|gb|ACA79464.1| E. coli ATCC 8739         : GLSFEQAMQTRVFQPLKLNHTWINVPPAEEKNYAWGYREG-KAVHVSP---GALDAEAYGVKST---IEDMARWVQINLKPLDINEKTLQQGIQVAQSRYWQTGDMYQGLGWEMLDWPVN : 295 

169754216|gb|ACA76915.1| E. coli ATCC 8739         : GQPLDRYVEESIYRPLGLTHTVFNPLLKGFKPQQIAATELNGNTRDGV--IHFPNIRTSTLWGQ---VHDEKAFYSMGGVSGHAGLFSNTGDIAVLMQTMLNGGGYGDVQLFNAETVKMF : 334 

169756179|gb|ACA78878.1| E. coli ATCC 8739         : GKPYTQLFEEQITRPLGMKDTTYTPSPDQCRRLMVAERGASPCNNTLA---AIGSG---GVYST---PGDMMRWMQQ--------------YLSSDFYQRSNQADRMQTLIYQRAQFTKV : 296 

170021837|ref|YP_001726791.1| E. coli ATCC 8739    : GLSFEQAMQTRVFQPLKLNHTWINVPPAEEKNYAWGYREG-KAVHVSP---GALDAEAYGVKST---IEDMARWVQINLKPLDINEKTLQQGIQVAQSRYWQTGDMYQGLGWEMLDWPVN : 295 

334108328-AEG45218.1-beta-lactamase-class-A-       : VSSNEATNMVVDLVGLPEVNRALSDAGAHASEFGRLYCDLAAEATGAS------------HRTT---PADLVALMSA--------------VVTGKLVGARWTAWATDLLGRQQ---DRL : 210 

329128949-AEB73502.1-beta-lactamase-class-A-       : VSDNSATNVVISLMGMNHIQHYLQTHDFHETGLERYLMDGRALASGKN------------NYTS---AAESLRLLQQ---------------------ALHNGSEVQSWFANQQFRYKLP : 181 

342162681|ref|YP_004767320.1-beta-lactamase-class-A: EAGINQDEKMYAASVLKLPYLYYAQEKINDGLYQLDTTVKYVSAVNDFPGSYKPEGSGSLPKKEDNKEYSLKDLITKVSKESDNVAHNLLGYYISNQSDATFKSKMSAIMGDDWNPKEKL : 331 

340528492-AEK43697.1-beta-lactamase-class-A-       : REAMDAALRYSDNTAANLLFRELGGPAGLAAALREIGDTTTHADRIEP---GLNDLAPGDVRDT-----STPRAMAG--------------SLRAFALGPALPPEKQTVLTDMMRANTTG : 226 

334860674-AEH11148.1-beta-lactamase-class-B-       : E----RKLDVLATPGHTRGHVVLRDSTN---GLLFAGDHVLPHITPSL---GFEWAPEPSPLRS---FLQSLRLMGG--------LPDTLLLPAHGPVTTSVHRRVEELLAHHEARLDTA : 277 

340532335-AEK47540.1-beta-lactamase-class-B-       : -----LSLRVLHTPGHTDDSVSLVLDGQ-----VLTGDTILGRGTTVLHDLG-------DYLRS---LRKLIELPPG-----------TAGLPGHGPELPDLPTTAREYLAHREQRLDQV : 207 

348175536|ref|ZP_08882430.1-beta-lactamase-class-B : S----RTLLAVPTPGHTRGHVVFLDSAS---SLMFSGDHVLPHITPSI---GVEPARPELPLRD---YLDSLRLVQS--------YPDMRLLPAHGPAGGSSHTRAVELLRHHEKRLEQT : 274 

325000211|ref|ZP_08121323.1-beta-lactamase-class-B : DQSGTRTLTAVETPGHTRGHLVFTDAEN---ELFFAGDHVLPRITPSI---GLQPTIVDSPLGQ---FLDSLRLVRS--------LPDAGLLPAHGAIGGRVHARVDELLAHHDVRLTQS : 283 

2569957|emb|CAA75401.1-beta-lactamase-class-C-     : GMSYEEAMTRRVLQPLKLAHTWITVPQSEQKNYAWGYREG-KPVHVSP---GQLDAEAYGVKSS---VIDMARWVQANMDASHVQEKTLQQGIELAQSRYWRIGDMYQGLGWEMLNWPLK : 299 

11544709|emb|CAC17627.1-beta-lactamase-class-C-    : DKPFDVLMEQKLLPAFGLKNTFINVPASQMKNYAYGYSKANKPIRVSG---GALDAQAYGIKTT---ALDLARFVELNIDSSSL-EPDFQKAVAATHTGYYHVGANNQGLGWEFYNYPTA : 305 

340530090-AEK45295.1-beta-lactamase-class-C-       : GLPLDEFFASRIFSPLGMTDTGFVASSPSRLAAMYVRDPSSGRATRNDAFGRLGTARPDCLSGGGGLVSSAADYWRFTQMLLRGGELDGVRVLSPRTVALMASNHLPGRVDLEAFGRPLF : 329 

213988270-ACJ58569.1-beta-lactamase-class-C-       : NKPFDQVLEKTIFPALGLKHSYVNVPKTQMQNYAFGYNQENQPIRVNP---GPLDAPAYGVKST---LPDMLSFIHANLNPQKY-PADIQRAINETHQGFYQVNTMYQALGWEEFSYPAT : 303 

298700538-ADI91103.1-Beta-lactamase-class-D-       : DWEKDMTLGDAMKASAIPVYQELARRIGLDLMSKEVKRIGFGNADIGS-------------------KVDNFWLVGP-------------LKITPEQETQFAYELANKTLPFSKNVQEQV : 199 

344924032|ref|ZP_08777493.1-Beta-lactamase-class-D : GWCQAHTPATFIKYSAVWYSHQITQRLGAEKFKAYVSSLNYGNGDVAG------------------TPGKDDGLLNS--------WLGTSLEISPREQVEFLEKLLANRLPFSKEAHEKT : 202 

338820232-EGP54206.1-beta-lactamase-class-D-       : RDKKPVDPTIWQADSVLWYSRELARILGVQRFSAYVAALNYGNMDVSG-----------ERRKG---NGLSHAWITS-------------LAISPREQTTFIRRLLAHELPISPAAIGQT : 185 

336315817|ref|ZP_08570724.1-beta-lactamase-class-D : GHNQDQNLRSAMRTSAVWVYELFAKQIGEKRAGEYLRKIGYGNANPTT--------------------DKGTYWVDG------------NLAISAEEQIAFLQKLYLNQLPFAKEHQLLI : 192 

                                                                                                                                                                                    

                                                                                                                                                                  

                                                              *       380         *       400         *       420         *       440         *       460         

169756765|gb|ACA79464.1| E. coli ATCC 8739         : PDIIVNGSDNKIALAARPVKAITPPTPAVRASWVHKTGATGGFGSYVAFIPEKELGIVMLANKNYPNPAR--VAAAWQILNALQ------------------ : 377 

169754216|gb|ACA76915.1| E. coli ATCC 8739         : TTSSKEDATFGLGWRVNGNATMTP--TFGTLASPQTYGHTGWTGTVTVIDPVNHMTIVMLSNKPHSPVADPQKNPNMFESGQLPIATYGWVVDQVYAALKQK : 434 

169756179|gb|ACA78878.1| E. coli ATCC 8739         : IGMDVPGKADALGLGWVYMAP-----KEGRPGIIQKTGGGGGFITYMAMIPQKNIGAFVVVTRSPLTRFKNMSDGINDLVTELSGNKPLVIPAS-------- : 385 

170021837|ref|YP_001726791.1| E. coli ATCC 8739    : PDIIVNGSDNKIALAARPVKAITPPTPAVRASWVHKTGATGGFGSYVAFIPEKELGIVMLANKNYPNPAR--VAAAWQILNALQ------------------ : 377 

334108328-AEG45218.1-beta-lactamase-class-A-       : LTAVVPDG-------------------VRFGSKSGWVDGIRHDVAFVGEPGPDALVVAVCTRGYAEPDAVEAIRALGALAVSLAR----------------- : 276 

329128949-AEB73502.1-beta-lactamase-class-A-       : GNFDESGEN------------------VAVYNKTGEGNLIDHDVAQIVYNNHSVDIAMLTAGSLNRMETIQKFNQVGQSVVDWLA----------------- : 248 

342162681|ref|YP_004767320.1-beta-lactamase-class-A: ISSKMAGKVMEAIYNQNGFVLESLTKTDFDNQRIAKGVSVKVAHKIGDADEFKHDTGVIYADFPFILSIFTKNSDYDTISQIAKDVYEVLK----------- : 422 

340528492-AEK43697.1-beta-lactamase-class-A-       : AALIRAGAPAG----------------WAVADKTGSGSYATRNDIAVVWPPGRAPIVLIVMSSRQAESADHDDRLIAQAAKLALDAFRS------------- : 299 

334860674-AEH11148.1-beta-lactamase-class-B-       : ARNVRAGAETAFQVAA----------AMRWTRRERRLDELDTTSQTLAVLEIEAHLDLLVEHDQLVAATA--GDGVVRYATRN------------------- : 348 

340532335-AEK47540.1-beta-lactamase-class-B-       : RSALKTLGAD----------------ATPRQVVEVVYADVDRALWAPAEWSVQAQLDYLRSEENG------------------------------------- : 256 

348175536|ref|ZP_08882430.1-beta-lactamase-class-B : AEVVRDGAGTAYEAAL----------KLGWTRRNHKLLDLDLLNQVLAVGETNAHLDVLVTRG-ILTSST--PDGVVEYAVSREG----------------- : 346 

325000211|ref|ZP_08121323.1-beta-lactamase-class-B : RDAVVAGAPTAQDVAR----------VLRWTRREHRFDDMDLFNRMLAVLETGAHLDVLADRGDLVRSET--VDPASGAMIATYTA---------------- : 357 

2569957|emb|CAA75401.1-beta-lactamase-class-C-     : ADSIINGSDSKVALAALPAVEVNPPVPAVKASWVHKTGSTGGFGSYVAFVPEKNLGIVMLANKSYPNPVR--VEAAWRILEKLQ------------------ : 381 

11544709|emb|CAC17627.1-beta-lactamase-class-C-    : LKTLLAGNSSDMALKSHKIEKFDTPRQPSADVWLNKTGSTNGFGAYAAFIPAKKTGIVLLANRNYPIDER--VKAAYRILQALDNKQ--------------- : 390 

340530090-AEK45295.1-beta-lactamase-class-C-       : AEMPFDGHGFGLGFSVLEDP-----VKARTLSSPGEFAWGGAASTAFWVDPDEDLTVGFYTQLLPSSSYRLRPQLRQLVYQAMVD----------------- : 409 

213988270-ACJ58569.1-beta-lactamase-class-C-       : LQTLLDSNSEQIVMKPNKVTAIS---KEPSVKMYHKTGSTNGFGTYVVFIPKENIGLVMLTNKRIPNEER--IKAAYAVLDAIKK----------------- : 383 

298700538-ADI91103.1-Beta-lactamase-class-D-       : QSMVFIEEKNGRK-------------IYAKSGWGWDVEPQVGWLTGWVVQPQGEIVAFSLNLEMKKGIPSSIRKEIAYKGLEQLGIL--------------- : 273 

344924032|ref|ZP_08777493.1-Beta-lactamase-class-D : REVMDRGEIWDGWKLYGKTGG----GHVNDGWFVGWIEKGGQHIIFAQSLDLDDPDLDLTGVTRQSSVGLTAKELIKRELQSFWKQS--------------- : 285 

338820232-EGP54206.1-beta-lactamase-class-D-       : MAIVPLFNTKSGWRVHGKTG------SGWTRDNNGQIQRNRPEGWFVGWAEREGRVIVFARLGVGSVEGRQGLIEQEKLLAVLENL---------------- : 265 

336315817|ref|ZP_08570724.1-beta-lactamase-class-D : KDMMVNEAGKDWILRAKTG------WEGRFGWWVGYVEWPTGPVFFALNIDTPDRMADLYKREAIVRDVLVSIGALPAPTETD------------------- : 269 

                                                                                                                                                                  

 
 

 

                                                                                                                                                                                    

                                                              *        20         *        40         *        60         *        80         *       100         *       120       

169756765|gb|ACA79464.1| E. coli ATCC 8739         : ---MFK--TTLCALLITASCSTFAAP----QKIND--------IVHRTITPLIEQQKIPGMAVAVIYQG--------KPYYFTWGYADIAKKQPVTQQTLFELGSVSKTFTG-VLGGDAI :  94 
169754216|gb|ACA76915.1| E. coli ATCC 8739         : ---MKRTMLYLSLLAVSCSVSAAKYPVLTESSPEKAGFNVERLNQMDRWISQQVDVGYPGVNLLIIKDNQIVYRKAWGAAKKYDGSVLMEQPVKATTGTLYDLASNTKMYATNFALQKLM : 117 

169756179|gb|ACA78878.1| E. coli ATCC 8739         : ---MKRSLLFSAVLCAASLTSVHAAQPITEPEFAS-------DIVDRYADHIFYGSGATGMALVVIDGN--------QRVFRSYGETRPGNNVRPQLDSVVRIASLTKLMTS-EMLVKLL : 101 

170021837|ref|YP_001726791.1| E. coli ATCC 8739    : ---MFK--TTLCALLITASCSTFAAP----QKIND--------IVHRTITPLIEQQKIPGMAVAVIYQG--------KPYYFTWGYADIAKKQPVTQQTLFELGSVSKTFTG-VLGGDAI :  94 

334108328-AEG45218.1-beta-lactamase-class-A-       : -----------------MSGDHASDQYPARMGVTG-----------------THSDGIPVVAYQVARADG----------TVLASRGADEPFYAASTVKLAVLVAAARALES----GRLA :  72 

329128949-AEB73502.1-beta-lactamase-class-A-       : -------------------------MSELSETIER-----------------VMADSSFKYGLLIQSNG--------------QTLVDHDSHEAFPSASLIKLAILNDVLDS-------N :  57 

342162681|ref|YP_004767320.1-beta-lactamase-class-A: MRKFLIILLLPSFLTISKVVSTEKEVVYTSKEIYYLSQSDFGIYFREKLSSPMVYGEVPVYANEDLVVE--------SGKLTPKTSFQITEWRLNKQGIPVFKLSNHQFIAADKRFLYDQ : 112 

340528492-AEK43697.1-beta-lactamase-class-A-       : -------MPFPRARRAALAALLLVPLAACTAQAPQ------------------PAPASAATPAAAPQPD---------FAPLERSFDARLGVYALDTGSGREITHRADERFGYASTHKVF :  86 

334860674-AEH11148.1-beta-lactamase-class-B-       : ---------MPPPPNEQPDDWTEPGAHPVAAGVYR-------------IPLPLPYSGLRAVNVYVVPDV--------DGLVVVDSGWAMPSTESALATALSTLGYQLDDVSR-VMVTHAH :  89 

340532335-AEK47540.1-beta-lactamase-class-B-       : ---------MSAPAYGVLRQVSATASVLLENNPSS-----------------MTLEGTNSWVLRATPSS--------PAVVVDPGYRDLEH---------LELLAGIGAVEL-ILLTHCH :  76 

348175536|ref|ZP_08882430.1-beta-lactamase-class-B : ---------MNDSAAEARHAWIESGVFEVAPGVHR-------------IPLPLPNDGLRAVNVYAIEDG--------DGLVLIDSGWALDEARDQLESALGELGYGFEDVQR-FLVTHAH :  89 

325000211|ref|ZP_08121323.1-beta-lactamase-class-B : ------MSLPTVTDDDPDGDWTAPGVFRCAPGVYR-------------IPLPLPQDGLRAVNVYAIADA--------DGWTLVDSGWAIDESRDLLGKALAALGSGFGDVRR-FLITHAH :  92 

2569957|emb|CAA75401.1-beta-lactamase-class-C-     : --MMKK--SLCCALLLTASFSTFAAAKT-EQQIAD--------IVNRTITPLMQEQAIPGMAVAIIYEG--------KPYYFTWGKADIANNHPVTQQTLFELGSVSKTFNG-VLGGDAI :  98 

11544709|emb|CAC17627.1-beta-lactamase-class-C-    : ---MRKSTTLLIGFLTTAAIIPNSGALA-ASKVNDG---DLRRIVDETVRPLMAEQKIPGMAVAITIDG--------KSHFFGYGVASKESGQKVTEDTIFEIGSVSKTFTA-MLGGYGL : 104 

340530090-AEK45295.1-beta-lactamase-class-C-       : ------MADFEVDVDPAEAGFDAARLSRIDAHFDR----------------YVEDGRLPGWLAVVSRHG-------RIVHIGRGGQRDVEASLPVETDTLWRIFSMTKPITS-VAAMMLA :  90 

213988270-ACJ58569.1-beta-lactamase-class-C-       : -MRFKKISCLLLSPLFIFSTSIYAGNTPKDQEIKK--------LVDQNFKPLLEKYDVPGMAVGVIQNN--------KKYEMYYGLQSVQDKKAVNRSTIFELGSVSKLFTA-TAGGYAK : 102 

298700538-ADI91103.1-Beta-lactamase-class-D-       : --------------MYKKVLVVATATLFLSACSSN----------------IVKQHQIHSISANKNSEE----------IKSLFDQAQTTGVLVIKRGQTEEIYGNDLKRAS----TEYV :  76 

344924032|ref|ZP_08777493.1-Beta-lactamase-class-D : ----------------------MKIIAKISTLITG-----------------ITIATGSSFAMEVTASS--------------LNPLGRSGFIAKQDGVVIKTVGKFEER--------RA :  59 

338820232-EGP54206.1-beta-lactamase-class-D-       : -----------------MSIRTISKTFSFSALIFS-------------------------ILVGFSSAA---------------HAQECTLIVEAQTGATVEEKGACDKRYT-------- :  55 

336315817|ref|ZP_08570724.1-beta-lactamase-class-D : ---------------MSVLKLSFSILCLASASFCS----------------AAEPAKTADWQATFTKFN---------------AKGTLVISDERAKPATLQVFNPERAKQR------MA :  68 

                                                                                                                                                                                    

                                                                                                                                                                                    

                                                              *       140         *       160         *       180         *       200         *       220         *       240       

169756765|gb|ACA79464.1| E. coli ATCC 8739         : ARGEIKLSDPATKYWP---ELTAKQWNGITLLHLAT-----------YTAGGLPLQVPDEVKSSSDLLRFYQNWQPA------------------WAPGTQRLYANSSIGLFGALAVKPS : 182 

169754216|gb|ACA76915.1 E. coli ATCC 8739          : SEGKLHPDDRIAKYIPGFADSPNDTIKGKNTLRISDLLHHSGGFPADPQYPNKAVAGALYYQDKGQTLEMIKRTPLE------------------YQPGSKHIYSDVDYMLLGFIVESVT : 219 

169756179|gb|ACA78878.1| E. coli ATCC 8739         : DQGTVKLNDPLSKYAPPGARVPTYNGTPITLVNLATHTSAL----PREQPGGAAHRPVFVWPTREQRWKYLSTAKLK------------------AAPGSQAAYSNLAFDLLADALANAS : 199 

170021837|ref|YP_001726791.1| E. coli ATCC 8739    : ARGEIKLSDPATKYWP---ELTAKQWNGITLLHLAT-----------YTAGGLPLQVPDEVKSSSDLLRFYQNWQPA------------------WAPGTQRLYANSSIGLFGALAVKPS : 182 

334108328-AEG45218.1-beta-lactamase-class-A-       : LDRTVASRHTFTSQVPG-----------------------------------------------------APDFRIEP-----------------DDLDEGMPPSGAPMRLAEVLERMVV : 122 

329128949-AEB73502.1-beta-lactamase-class-A-       : VDLDQSVDVSTDELVG--------------------------------------------------------------------------------GAGILQLMSVRPWKLRDLLALMIS :  97 

342162681|ref|YP_004767320.1-beta-lactamase-class-A: SEVTSTIKKVWLESDFKLYNSPYDLKEVKSSLSAYS----------QVSIDKTMFVEGREFLHIDQVGWVAKESTSEEDNR-----------MSKVQEMLSEKYQKDSFSIYVKQLTTGK : 211 

340528492-AEK43697.1-beta-lactamase-class-A-       : SAGAVLRRTSLDGLAKN------------------------------------------------------------------------------LTYTRADLQPNSPVTEKHVTTGLSL : 128 

334860674-AEH11148.1-beta-lactamase-class-B-       : HDHYTQALALRARFGT---KVSIGWGEHHSILAGEK----------SEVLTRPQIAMLLRCGAPELAERYARYLVHE------------------TDHSQNAPWGPPDSWLDDGDVVGLA : 178 

340532335-AEK47540.1-beta-lactamase-class-B-       : PDHAEGAPWFAERVGAP-----------------------------------------------------VRAFDPS------------------LCVGTSSFVDGEEISAGG------- : 118 

348175536|ref|ZP_08882430.1-beta-lactamase-class-B : RDHYTLAVALRRNFGS---RISLGAGEQPSVEALLS----------NRQEAEAER--LRRWGADELLTKLAEAYGGQ------------------APKSR-SRYELPDEWLEGKVEILLV : 175 

325000211|ref|ZP_08121323.1-beta-lactamase-class-B : RDHYTLASILRREYGA---RVLLGAGEKPNLDIIASP---------DRAEREPERTRLLRCGAADIVEEIGRSGPWP------------------RPVP--EEWEAPDEWIADRAAIAVG : 180 

2569957|emb|CAA75401.1-beta-lactamase-class-C-     : ARGEIKLSDPVTKYWP---ELTGKQWRGISLLHLAT-----------YTAGGLPLQIPDDITDKAALLRFYQNWQPQ------------------WTPGAKRLYANSSIGLFGALAVKPS : 186 

11544709|emb|CAC17627.1-beta-lactamase-class-C-    : ATGAFSLSDPATKWAP---ELAGSSFDKITMRDLGT-----------YTPGGLPLQFPDAVTDDSSMLAYFKKWKPD------------------YPAGTQRRYSNPSIGLFGYLAARSM : 192 

340530090-AEK45295.1-beta-lactamase-class-C-       : EEGLLELDSPISQWLPEFASPRVYVKGSALAPSTESATSPIRVWHLLTHTAGLTYGFHHGHPVDAIYRAAGFEWGTPPGLDLAACSSKWAALPLLFQPGTEWNYS-VATDVLGRLVEVVS : 209 

213988270-ACJ58569.1-beta-lactamase-class-C-       : NKGKISFDDTPGKYWK---ELKNTPIDQVNLLQLAT-----------YTSGNLALQFPDEVQTDQQVLTFFKDWQPK------------------NPIGEYRQYSNPSIGLFGKVVALSM : 190 

298700538-ADI91103.1-Beta-lactamase-class-D-       : PASTFKMLNALIGLEH-------------------------------------------------------------------------------------HKATTTEVFKWDGQKRLFP : 111 

344924032|ref|ZP_08777493.1-Beta-lactamase-class-D : PFSTFKVPLALMGFDAG----------------------------------------------------ILENKDSP-------------------RLEFKEEYEKNLGDWYTHEQGVAY : 108 

338820232-EGP54206.1-beta-lactamase-class-D-       : AASTFKVALALMGYDAG-----------------------------------------------------------------------------------ILTDAHTPLWNWQEGMRAPA :  92 

336315817|ref|ZP_08570724.1-beta-lactamase-class-D : PASTFKIPHSLMALDAG------------------------------------------------------------------------------------ALKDEFQLFRWDGVERSFA : 104 

                                                                                                                                                                                    

                                                                                                                                                                                    

                                                              *       260         *       280         *       300         *       320         *       340         *       360       

169756765|gb|ACA79464.1| E. coli ATCC 8739         : GLSFEQAMQTRVFQPLKLNHTWINVPPAEEKNYAWGYREG-KAVHVSP---GALDAEAYGVKST---IEDMARWVQINLKPLDINEKTLQQGIQVAQSRYWQTGDMYQGLGWEMLDWPVN : 295 

169754216|gb|ACA76915.1| E. coli ATCC 8739         : GQPLDRYVEESIYRPLGLTHTVFNPLLKGFKPQQIAATELNGNTRDGV--IHFPNIRTSTLWGQ---VHDEKAFYSMGGVSGHAGLFSNTGDIAVLMQTMLNGGGYGDVQLFNAETVKMF : 334 

169756179|gb|ACA78878.1| E. coli ATCC 8739         : GKPYTQLFEEQITRPLGMKDTTYTPSPDQCRRLMVAERGASPCNNTLA---AIGSG---GVYST---PGDMMRWMQQ--------------YLSSDFYQRSNQADRMQTLIYQRAQFTKV : 296 

170021837|ref|YP_001726791.1| E. coli ATCC 8739    : GLSFEQAMQTRVFQPLKLNHTWINVPPAEEKNYAWGYREG-KAVHVSP---GALDAEAYGVKST---IEDMARWVQINLKPLDINEKTLQQGIQVAQSRYWQTGDMYQGLGWEMLDWPVN : 295 

334108328-AEG45218.1-beta-lactamase-class-A-       : VSSNEATNMVVDLVGLPEVNRALSDAGAHASEFGRLYCDLAAEATGAS------------HRTT---PADLVALMSA--------------VVTGKLVGARWTAWATDLLGRQQ---DRL : 210 

329128949-AEB73502.1-beta-lactamase-class-A-       : VSDNSATNVVISLMGMNHIQHYLQTHDFHETGLERYLMDGRALASGKN------------NYTS---AAESLRLLQQ---------------------ALHNGSEVQSWFANQQFRYKLP : 181 

342162681|ref|YP_004767320.1-beta-lactamase-class-A: EAGINQDEKMYAASVLKLPYLYYAQEKINDGLYQLDTTVKYVSAVNDFPGSYKPEGSGSLPKKEDNKEYSLKDLITKVSKESDNVAHNLLGYYISNQSDATFKSKMSAIMGDDWNPKEKL : 331 

340528492-AEK43697.1-beta-lactamase-class-A-       : REAMDAALRYSDNTAANLLFRELGGPAGLAAALREIGDTTTHADRIEP---GLNDLAPGDVRDT-----STPRAMAG--------------SLRAFALGPALPPEKQTVLTDMMRANTTG : 226 

334860674-AEH11148.1-beta-lactamase-class-B-       : E----RKLDVLATPGHTRGHVVLRDSTN---GLLFAGDHVLPHITPSL---GFEWAPEPSPLRS---FLQSLRLMGG--------LPDTLLLPAHGPVTTSVHRRVEELLAHHEARLDTA : 277 

340532335-AEK47540.1-beta-lactamase-class-B-       : -----LSLRVLHTPGHTDDSVSLVLDGQ-----VLTGDTILGRGTTVLHDLG-------DYLRS---LRKLIELPPG-----------TAGLPGHGPELPDLPTTAREYLAHREQRLDQV : 207 

348175536|ref|ZP_08882430.1-beta-lactamase-class-B : S----RTLLAVPTPGHTRGHVVFLDSAS---SLMFSGDHVLPHITPSI---GVEPARPELPLRD---YLDSLRLVQS--------YPDMRLLPAHGPAGGSSHTRAVELLRHHEKRLEQT : 274 

325000211|ref|ZP_08121323.1-beta-lactamase-class-B : DQSGTRTLTAVETPGHTRGHLVFTDAEN---ELFFAGDHVLPRITPSI---GLQPTIVDSPLGQ---FLDSLRLVRS--------LPDAGLLPAHGAIGGRVHARVDELLAHHDVRLTQS : 283 

2569957|emb|CAA75401.1-beta-lactamase-class-C-     : GMSYEEAMTRRVLQPLKLAHTWITVPQSEQKNYAWGYREG-KPVHVSP---GQLDAEAYGVKSS---VIDMARWVQANMDASHVQEKTLQQGIELAQSRYWRIGDMYQGLGWEMLNWPLK : 299 

11544709|emb|CAC17627.1-beta-lactamase-class-C-    : DKPFDVLMEQKLLPAFGLKNTFINVPASQMKNYAYGYSKANKPIRVSG---GALDAQAYGIKTT---ALDLARFVELNIDSSSL-EPDFQKAVAATHTGYYHVGANNQGLGWEFYNYPTA : 305 

340530090-AEK45295.1-beta-lactamase-class-C-       : GLPLDEFFASRIFSPLGMTDTGFVASSPSRLAAMYVRDPSSGRATRNDAFGRLGTARPDCLSGGGGLVSSAADYWRFTQMLLRGGELDGVRVLSPRTVALMASNHLPGRVDLEAFGRPLF : 329 

213988270-ACJ58569.1-beta-lactamase-class-C-       : NKPFDQVLEKTIFPALGLKHSYVNVPKTQMQNYAFGYNQENQPIRVNP---GPLDAPAYGVKST---LPDMLSFIHANLNPQKY-PADIQRAINETHQGFYQVNTMYQALGWEEFSYPAT : 303 

298700538-ADI91103.1-Beta-lactamase-class-D-       : DWEKDMTLGDAMKASAIPVYQELARRIGLDLMSKEVKRIGFGNADIGS-------------------KVDNFWLVGP-------------LKITPEQETQFAYELANKTLPFSKNVQEQV : 199 

344924032|ref|ZP_08777493.1-Beta-lactamase-class-D : GWCQAHTPATFIKYSAVWYSHQITQRLGAEKFKAYVSSLNYGNGDVAG------------------TPGKDDGLLNS--------WLGTSLEISPREQVEFLEKLLANRLPFSKEAHEKT : 202 

338820232-EGP54206.1-beta-lactamase-class-D-       : RDKKPVDPTIWQADSVLWYSRELARILGVQRFSAYVAALNYGNMDVSG-----------ERRKG---NGLSHAWITS-------------LAISPREQTTFIRRLLAHELPISPAAIGQT : 185 

336315817|ref|ZP_08570724.1-beta-lactamase-class-D : GHNQDQNLRSAMRTSAVWVYELFAKQIGEKRAGEYLRKIGYGNANPTT--------------------DKGTYWVDG------------NLAISAEEQIAFLQKLYLNQLPFAKEHQLLI : 192 

                                                                                                                                                                                    

                                                                                                                                                                  

                                                              *       380         *       400         *       420         *       440         *       460         

169756765|gb|ACA79464.1| E. coli ATCC 8739         : PDIIVNGSDNKIALAARPVKAITPPTPAVRASWVHKTGATGGFGSYVAFIPEKELGIVMLANKNYPNPAR--VAAAWQILNALQ------------------ : 377 

169754216|gb|ACA76915.1| E. coli ATCC 8739         : TTSSKEDATFGLGWRVNGNATMTP--TFGTLASPQTYGHTGWTGTVTVIDPVNHMTIVMLSNKPHSPVADPQKNPNMFESGQLPIATYGWVVDQVYAALKQK : 434 

169756179|gb|ACA78878.1| E. coli ATCC 8739         : IGMDVPGKADALGLGWVYMAP-----KEGRPGIIQKTGGGGGFITYMAMIPQKNIGAFVVVTRSPLTRFKNMSDGINDLVTELSGNKPLVIPAS-------- : 385 

170021837|ref|YP_001726791.1| E. coli ATCC 8739    : PDIIVNGSDNKIALAARPVKAITPPTPAVRASWVHKTGATGGFGSYVAFIPEKELGIVMLANKNYPNPAR--VAAAWQILNALQ------------------ : 377 

334108328-AEG45218.1-beta-lactamase-class-A-       : LTAVVPDG-------------------VRFGSKSGWVDGIRHDVAFVGEPGPDALVVAVCTRGYAEPDAVEAIRALGALAVSLAR----------------- : 276 

329128949-AEB73502.1-beta-lactamase-class-A-       : GNFDESGEN------------------VAVYNKTGEGNLIDHDVAQIVYNNHSVDIAMLTAGSLNRMETIQKFNQVGQSVVDWLA----------------- : 248 

342162681|ref|YP_004767320.1-beta-lactamase-class-A: ISSKMAGKVMEAIYNQNGFVLESLTKTDFDNQRIAKGVSVKVAHKIGDADEFKHDTGVIYADFPFILSIFTKNSDYDTISQIAKDVYEVLK----------- : 422 

340528492-AEK43697.1-beta-lactamase-class-A-       : AALIRAGAPAG----------------WAVADKTGSGSYATRNDIAVVWPPGRAPIVLIVMSSRQAESADHDDRLIAQAAKLALDAFRS------------- : 299 

334860674-AEH11148.1-beta-lactamase-class-B-       : ARNVRAGAETAFQVAA----------AMRWTRRERRLDELDTTSQTLAVLEIEAHLDLLVEHDQLVAATA--GDGVVRYATRN------------------- : 348 

340532335-AEK47540.1-beta-lactamase-class-B-       : RSALKTLGAD----------------ATPRQVVEVVYADVDRALWAPAEWSVQAQLDYLRSEENG------------------------------------- : 256 

348175536|ref|ZP_08882430.1-beta-lactamase-class-B : AEVVRDGAGTAYEAAL----------KLGWTRRNHKLLDLDLLNQVLAVGETNAHLDVLVTRG-ILTSST--PDGVVEYAVSREG----------------- : 346 

325000211|ref|ZP_08121323.1-beta-lactamase-class-B : RDAVVAGAPTAQDVAR----------VLRWTRREHRFDDMDLFNRMLAVLETGAHLDVLADRGDLVRSET--VDPASGAMIATYTA---------------- : 357 

2569957|emb|CAA75401.1-beta-lactamase-class-C-     : ADSIINGSDSKVALAALPAVEVNPPVPAVKASWVHKTGSTGGFGSYVAFVPEKNLGIVMLANKSYPNPVR--VEAAWRILEKLQ------------------ : 381 

11544709|emb|CAC17627.1-beta-lactamase-class-C-    : LKTLLAGNSSDMALKSHKIEKFDTPRQPSADVWLNKTGSTNGFGAYAAFIPAKKTGIVLLANRNYPIDER--VKAAYRILQALDNKQ--------------- : 390 

340530090-AEK45295.1-beta-lactamase-class-C-       : AEMPFDGHGFGLGFSVLEDP-----VKARTLSSPGEFAWGGAASTAFWVDPDEDLTVGFYTQLLPSSSYRLRPQLRQLVYQAMVD----------------- : 409 

213988270-ACJ58569.1-beta-lactamase-class-C-       : LQTLLDSNSEQIVMKPNKVTAIS---KEPSVKMYHKTGSTNGFGTYVVFIPKENIGLVMLTNKRIPNEER--IKAAYAVLDAIKK----------------- : 383 

298700538-ADI91103.1-Beta-lactamase-class-D-       : QSMVFIEEKNGRK-------------IYAKSGWGWDVEPQVGWLTGWVVQPQGEIVAFSLNLEMKKGIPSSIRKEIAYKGLEQLGIL--------------- : 273 

344924032|ref|ZP_08777493.1-Beta-lactamase-class-D : REVMDRGEIWDGWKLYGKTGG----GHVNDGWFVGWIEKGGQHIIFAQSLDLDDPDLDLTGVTRQSSVGLTAKELIKRELQSFWKQS--------------- : 285 

338820232-EGP54206.1-beta-lactamase-class-D-       : MAIVPLFNTKSGWRVHGKTG------SGWTRDNNGQIQRNRPEGWFVGWAEREGRVIVFARLGVGSVEGRQGLIEQEKLLAVLENL---------------- : 265 

336315817|ref|ZP_08570724.1-beta-lactamase-class-D : KDMMVNEAGKDWILRAKTG------WEGRFGWWVGYVEWPTGPVFFALNIDTPDRMADLYKREAIVRDVLVSIGALPAPTETD------------------- : 269 

                                                                                                                                                                  

 
 
Figuer 3. Multiple alignment of primary structures of 4 β-Lactamases (E. coli ATCC 8739), 4 β-Lactamases of each of class A, B, C and D. Amino acids are shown in one-

letter abbreviations. The shaded line show conserved amino acids. 
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                                                              *        20         *        40         *        60         *        80         *       100         *       120       

169756765|gb|ACA79464.1| E. coli ATCC 8739         : ---MFK--TTLCALLITASCSTFAAP----QKIND--------IVHRTITPLIEQQKIPGMAVAVIYQG--------KPYYFTWGYADIAKKQPVTQQTLFELGSVSKTFTG-VLGGDAI :  94 
169754216|gb|ACA76915.1| E. coli ATCC 8739         : ---MKRTMLYLSLLAVSCSVSAAKYPVLTESSPEKAGFNVERLNQMDRWISQQVDVGYPGVNLLIIKDNQIVYRKAWGAAKKYDGSVLMEQPVKATTGTLYDLASNTKMYATNFALQKLM : 117 

169756179|gb|ACA78878.1| E. coli ATCC 8739         : ---MKRSLLFSAVLCAASLTSVHAAQPITEPEFAS-------DIVDRYADHIFYGSGATGMALVVIDGN--------QRVFRSYGETRPGNNVRPQLDSVVRIASLTKLMTS-EMLVKLL : 101 

170021837|ref|YP_001726791.1| E. coli ATCC 8739    : ---MFK--TTLCALLITASCSTFAAP----QKIND--------IVHRTITPLIEQQKIPGMAVAVIYQG--------KPYYFTWGYADIAKKQPVTQQTLFELGSVSKTFTG-VLGGDAI :  94 

334108328-AEG45218.1-beta-lactamase-class-A-       : -----------------MSGDHASDQYPARMGVTG-----------------THSDGIPVVAYQVARADG----------TVLASRGADEPFYAASTVKLAVLVAAARALES----GRLA :  72 

329128949-AEB73502.1-beta-lactamase-class-A-       : -------------------------MSELSETIER-----------------VMADSSFKYGLLIQSNG--------------QTLVDHDSHEAFPSASLIKLAILNDVLDS-------N :  57 

342162681|ref|YP_004767320.1-beta-lactamase-class-A: MRKFLIILLLPSFLTISKVVSTEKEVVYTSKEIYYLSQSDFGIYFREKLSSPMVYGEVPVYANEDLVVE--------SGKLTPKTSFQITEWRLNKQGIPVFKLSNHQFIAADKRFLYDQ : 112 

340528492-AEK43697.1-beta-lactamase-class-A-       : -------MPFPRARRAALAALLLVPLAACTAQAPQ------------------PAPASAATPAAAPQPD---------FAPLERSFDARLGVYALDTGSGREITHRADERFGYASTHKVF :  86 

334860674-AEH11148.1-beta-lactamase-class-B-       : ---------MPPPPNEQPDDWTEPGAHPVAAGVYR-------------IPLPLPYSGLRAVNVYVVPDV--------DGLVVVDSGWAMPSTESALATALSTLGYQLDDVSR-VMVTHAH :  89 

340532335-AEK47540.1-beta-lactamase-class-B-       : ---------MSAPAYGVLRQVSATASVLLENNPSS-----------------MTLEGTNSWVLRATPSS--------PAVVVDPGYRDLEH---------LELLAGIGAVEL-ILLTHCH :  76 

348175536|ref|ZP_08882430.1-beta-lactamase-class-B : ---------MNDSAAEARHAWIESGVFEVAPGVHR-------------IPLPLPNDGLRAVNVYAIEDG--------DGLVLIDSGWALDEARDQLESALGELGYGFEDVQR-FLVTHAH :  89 

325000211|ref|ZP_08121323.1-beta-lactamase-class-B : ------MSLPTVTDDDPDGDWTAPGVFRCAPGVYR-------------IPLPLPQDGLRAVNVYAIADA--------DGWTLVDSGWAIDESRDLLGKALAALGSGFGDVRR-FLITHAH :  92 

2569957|emb|CAA75401.1-beta-lactamase-class-C-     : --MMKK--SLCCALLLTASFSTFAAAKT-EQQIAD--------IVNRTITPLMQEQAIPGMAVAIIYEG--------KPYYFTWGKADIANNHPVTQQTLFELGSVSKTFNG-VLGGDAI :  98 

11544709|emb|CAC17627.1-beta-lactamase-class-C-    : ---MRKSTTLLIGFLTTAAIIPNSGALA-ASKVNDG---DLRRIVDETVRPLMAEQKIPGMAVAITIDG--------KSHFFGYGVASKESGQKVTEDTIFEIGSVSKTFTA-MLGGYGL : 104 

340530090-AEK45295.1-beta-lactamase-class-C-       : ------MADFEVDVDPAEAGFDAARLSRIDAHFDR----------------YVEDGRLPGWLAVVSRHG-------RIVHIGRGGQRDVEASLPVETDTLWRIFSMTKPITS-VAAMMLA :  90 

213988270-ACJ58569.1-beta-lactamase-class-C-       : -MRFKKISCLLLSPLFIFSTSIYAGNTPKDQEIKK--------LVDQNFKPLLEKYDVPGMAVGVIQNN--------KKYEMYYGLQSVQDKKAVNRSTIFELGSVSKLFTA-TAGGYAK : 102 

298700538-ADI91103.1-Beta-lactamase-class-D-       : --------------MYKKVLVVATATLFLSACSSN----------------IVKQHQIHSISANKNSEE----------IKSLFDQAQTTGVLVIKRGQTEEIYGNDLKRAS----TEYV :  76 

344924032|ref|ZP_08777493.1-Beta-lactamase-class-D : ----------------------MKIIAKISTLITG-----------------ITIATGSSFAMEVTASS--------------LNPLGRSGFIAKQDGVVIKTVGKFEER--------RA :  59 

338820232-EGP54206.1-beta-lactamase-class-D-       : -----------------MSIRTISKTFSFSALIFS-------------------------ILVGFSSAA---------------HAQECTLIVEAQTGATVEEKGACDKRYT-------- :  55 

336315817|ref|ZP_08570724.1-beta-lactamase-class-D : ---------------MSVLKLSFSILCLASASFCS----------------AAEPAKTADWQATFTKFN---------------AKGTLVISDERAKPATLQVFNPERAKQR------MA :  68 

                                                                                                                                                                                    

                                                                                                                                                                                    

                                                              *       140         *       160         *       180         *       200         *       220         *       240       

169756765|gb|ACA79464.1| E. coli ATCC 8739         : ARGEIKLSDPATKYWP---ELTAKQWNGITLLHLAT-----------YTAGGLPLQVPDEVKSSSDLLRFYQNWQPA------------------WAPGTQRLYANSSIGLFGALAVKPS : 182 

169754216|gb|ACA76915.1 E. coli ATCC 8739          : SEGKLHPDDRIAKYIPGFADSPNDTIKGKNTLRISDLLHHSGGFPADPQYPNKAVAGALYYQDKGQTLEMIKRTPLE------------------YQPGSKHIYSDVDYMLLGFIVESVT : 219 

169756179|gb|ACA78878.1| E. coli ATCC 8739         : DQGTVKLNDPLSKYAPPGARVPTYNGTPITLVNLATHTSAL----PREQPGGAAHRPVFVWPTREQRWKYLSTAKLK------------------AAPGSQAAYSNLAFDLLADALANAS : 199 

170021837|ref|YP_001726791.1| E. coli ATCC 8739    : ARGEIKLSDPATKYWP---ELTAKQWNGITLLHLAT-----------YTAGGLPLQVPDEVKSSSDLLRFYQNWQPA------------------WAPGTQRLYANSSIGLFGALAVKPS : 182 

334108328-AEG45218.1-beta-lactamase-class-A-       : LDRTVASRHTFTSQVPG-----------------------------------------------------APDFRIEP-----------------DDLDEGMPPSGAPMRLAEVLERMVV : 122 

329128949-AEB73502.1-beta-lactamase-class-A-       : VDLDQSVDVSTDELVG--------------------------------------------------------------------------------GAGILQLMSVRPWKLRDLLALMIS :  97 

342162681|ref|YP_004767320.1-beta-lactamase-class-A: SEVTSTIKKVWLESDFKLYNSPYDLKEVKSSLSAYS----------QVSIDKTMFVEGREFLHIDQVGWVAKESTSEEDNR-----------MSKVQEMLSEKYQKDSFSIYVKQLTTGK : 211 

340528492-AEK43697.1-beta-lactamase-class-A-       : SAGAVLRRTSLDGLAKN------------------------------------------------------------------------------LTYTRADLQPNSPVTEKHVTTGLSL : 128 

334860674-AEH11148.1-beta-lactamase-class-B-       : HDHYTQALALRARFGT---KVSIGWGEHHSILAGEK----------SEVLTRPQIAMLLRCGAPELAERYARYLVHE------------------TDHSQNAPWGPPDSWLDDGDVVGLA : 178 

340532335-AEK47540.1-beta-lactamase-class-B-       : PDHAEGAPWFAERVGAP-----------------------------------------------------VRAFDPS------------------LCVGTSSFVDGEEISAGG------- : 118 

348175536|ref|ZP_08882430.1-beta-lactamase-class-B : RDHYTLAVALRRNFGS---RISLGAGEQPSVEALLS----------NRQEAEAER--LRRWGADELLTKLAEAYGGQ------------------APKSR-SRYELPDEWLEGKVEILLV : 175 

325000211|ref|ZP_08121323.1-beta-lactamase-class-B : RDHYTLASILRREYGA---RVLLGAGEKPNLDIIASP---------DRAEREPERTRLLRCGAADIVEEIGRSGPWP------------------RPVP--EEWEAPDEWIADRAAIAVG : 180 

2569957|emb|CAA75401.1-beta-lactamase-class-C-     : ARGEIKLSDPVTKYWP---ELTGKQWRGISLLHLAT-----------YTAGGLPLQIPDDITDKAALLRFYQNWQPQ------------------WTPGAKRLYANSSIGLFGALAVKPS : 186 

11544709|emb|CAC17627.1-beta-lactamase-class-C-    : ATGAFSLSDPATKWAP---ELAGSSFDKITMRDLGT-----------YTPGGLPLQFPDAVTDDSSMLAYFKKWKPD------------------YPAGTQRRYSNPSIGLFGYLAARSM : 192 

340530090-AEK45295.1-beta-lactamase-class-C-       : EEGLLELDSPISQWLPEFASPRVYVKGSALAPSTESATSPIRVWHLLTHTAGLTYGFHHGHPVDAIYRAAGFEWGTPPGLDLAACSSKWAALPLLFQPGTEWNYS-VATDVLGRLVEVVS : 209 

213988270-ACJ58569.1-beta-lactamase-class-C-       : NKGKISFDDTPGKYWK---ELKNTPIDQVNLLQLAT-----------YTSGNLALQFPDEVQTDQQVLTFFKDWQPK------------------NPIGEYRQYSNPSIGLFGKVVALSM : 190 

298700538-ADI91103.1-Beta-lactamase-class-D-       : PASTFKMLNALIGLEH-------------------------------------------------------------------------------------HKATTTEVFKWDGQKRLFP : 111 

344924032|ref|ZP_08777493.1-Beta-lactamase-class-D : PFSTFKVPLALMGFDAG----------------------------------------------------ILENKDSP-------------------RLEFKEEYEKNLGDWYTHEQGVAY : 108 

338820232-EGP54206.1-beta-lactamase-class-D-       : AASTFKVALALMGYDAG-----------------------------------------------------------------------------------ILTDAHTPLWNWQEGMRAPA :  92 

336315817|ref|ZP_08570724.1-beta-lactamase-class-D : PASTFKIPHSLMALDAG------------------------------------------------------------------------------------ALKDEFQLFRWDGVERSFA : 104 

                                                                                                                                                                                    

                                                                                                                                                                                    

                                                              *       260         *       280         *       300         *       320         *       340         *       360       

169756765|gb|ACA79464.1| E. coli ATCC 8739         : GLSFEQAMQTRVFQPLKLNHTWINVPPAEEKNYAWGYREG-KAVHVSP---GALDAEAYGVKST---IEDMARWVQINLKPLDINEKTLQQGIQVAQSRYWQTGDMYQGLGWEMLDWPVN : 295 

169754216|gb|ACA76915.1| E. coli ATCC 8739         : GQPLDRYVEESIYRPLGLTHTVFNPLLKGFKPQQIAATELNGNTRDGV--IHFPNIRTSTLWGQ---VHDEKAFYSMGGVSGHAGLFSNTGDIAVLMQTMLNGGGYGDVQLFNAETVKMF : 334 

169756179|gb|ACA78878.1| E. coli ATCC 8739         : GKPYTQLFEEQITRPLGMKDTTYTPSPDQCRRLMVAERGASPCNNTLA---AIGSG---GVYST---PGDMMRWMQQ--------------YLSSDFYQRSNQADRMQTLIYQRAQFTKV : 296 

170021837|ref|YP_001726791.1| E. coli ATCC 8739    : GLSFEQAMQTRVFQPLKLNHTWINVPPAEEKNYAWGYREG-KAVHVSP---GALDAEAYGVKST---IEDMARWVQINLKPLDINEKTLQQGIQVAQSRYWQTGDMYQGLGWEMLDWPVN : 295 

334108328-AEG45218.1-beta-lactamase-class-A-       : VSSNEATNMVVDLVGLPEVNRALSDAGAHASEFGRLYCDLAAEATGAS------------HRTT---PADLVALMSA--------------VVTGKLVGARWTAWATDLLGRQQ---DRL : 210 

329128949-AEB73502.1-beta-lactamase-class-A-       : VSDNSATNVVISLMGMNHIQHYLQTHDFHETGLERYLMDGRALASGKN------------NYTS---AAESLRLLQQ---------------------ALHNGSEVQSWFANQQFRYKLP : 181 

342162681|ref|YP_004767320.1-beta-lactamase-class-A: EAGINQDEKMYAASVLKLPYLYYAQEKINDGLYQLDTTVKYVSAVNDFPGSYKPEGSGSLPKKEDNKEYSLKDLITKVSKESDNVAHNLLGYYISNQSDATFKSKMSAIMGDDWNPKEKL : 331 

340528492-AEK43697.1-beta-lactamase-class-A-       : REAMDAALRYSDNTAANLLFRELGGPAGLAAALREIGDTTTHADRIEP---GLNDLAPGDVRDT-----STPRAMAG--------------SLRAFALGPALPPEKQTVLTDMMRANTTG : 226 

334860674-AEH11148.1-beta-lactamase-class-B-       : E----RKLDVLATPGHTRGHVVLRDSTN---GLLFAGDHVLPHITPSL---GFEWAPEPSPLRS---FLQSLRLMGG--------LPDTLLLPAHGPVTTSVHRRVEELLAHHEARLDTA : 277 

340532335-AEK47540.1-beta-lactamase-class-B-       : -----LSLRVLHTPGHTDDSVSLVLDGQ-----VLTGDTILGRGTTVLHDLG-------DYLRS---LRKLIELPPG-----------TAGLPGHGPELPDLPTTAREYLAHREQRLDQV : 207 

348175536|ref|ZP_08882430.1-beta-lactamase-class-B : S----RTLLAVPTPGHTRGHVVFLDSAS---SLMFSGDHVLPHITPSI---GVEPARPELPLRD---YLDSLRLVQS--------YPDMRLLPAHGPAGGSSHTRAVELLRHHEKRLEQT : 274 

325000211|ref|ZP_08121323.1-beta-lactamase-class-B : DQSGTRTLTAVETPGHTRGHLVFTDAEN---ELFFAGDHVLPRITPSI---GLQPTIVDSPLGQ---FLDSLRLVRS--------LPDAGLLPAHGAIGGRVHARVDELLAHHDVRLTQS : 283 

2569957|emb|CAA75401.1-beta-lactamase-class-C-     : GMSYEEAMTRRVLQPLKLAHTWITVPQSEQKNYAWGYREG-KPVHVSP---GQLDAEAYGVKSS---VIDMARWVQANMDASHVQEKTLQQGIELAQSRYWRIGDMYQGLGWEMLNWPLK : 299 

11544709|emb|CAC17627.1-beta-lactamase-class-C-    : DKPFDVLMEQKLLPAFGLKNTFINVPASQMKNYAYGYSKANKPIRVSG---GALDAQAYGIKTT---ALDLARFVELNIDSSSL-EPDFQKAVAATHTGYYHVGANNQGLGWEFYNYPTA : 305 

340530090-AEK45295.1-beta-lactamase-class-C-       : GLPLDEFFASRIFSPLGMTDTGFVASSPSRLAAMYVRDPSSGRATRNDAFGRLGTARPDCLSGGGGLVSSAADYWRFTQMLLRGGELDGVRVLSPRTVALMASNHLPGRVDLEAFGRPLF : 329 

213988270-ACJ58569.1-beta-lactamase-class-C-       : NKPFDQVLEKTIFPALGLKHSYVNVPKTQMQNYAFGYNQENQPIRVNP---GPLDAPAYGVKST---LPDMLSFIHANLNPQKY-PADIQRAINETHQGFYQVNTMYQALGWEEFSYPAT : 303 

298700538-ADI91103.1-Beta-lactamase-class-D-       : DWEKDMTLGDAMKASAIPVYQELARRIGLDLMSKEVKRIGFGNADIGS-------------------KVDNFWLVGP-------------LKITPEQETQFAYELANKTLPFSKNVQEQV : 199 

344924032|ref|ZP_08777493.1-Beta-lactamase-class-D : GWCQAHTPATFIKYSAVWYSHQITQRLGAEKFKAYVSSLNYGNGDVAG------------------TPGKDDGLLNS--------WLGTSLEISPREQVEFLEKLLANRLPFSKEAHEKT : 202 

338820232-EGP54206.1-beta-lactamase-class-D-       : RDKKPVDPTIWQADSVLWYSRELARILGVQRFSAYVAALNYGNMDVSG-----------ERRKG---NGLSHAWITS-------------LAISPREQTTFIRRLLAHELPISPAAIGQT : 185 

336315817|ref|ZP_08570724.1-beta-lactamase-class-D : GHNQDQNLRSAMRTSAVWVYELFAKQIGEKRAGEYLRKIGYGNANPTT--------------------DKGTYWVDG------------NLAISAEEQIAFLQKLYLNQLPFAKEHQLLI : 192 

                                                                                                                                                                                    

                                                                                                                                                                  

                                                              *       380         *       400         *       420         *       440         *       460         

169756765|gb|ACA79464.1| E. coli ATCC 8739         : PDIIVNGSDNKIALAARPVKAITPPTPAVRASWVHKTGATGGFGSYVAFIPEKELGIVMLANKNYPNPAR--VAAAWQILNALQ------------------ : 377 

169754216|gb|ACA76915.1| E. coli ATCC 8739         : TTSSKEDATFGLGWRVNGNATMTP--TFGTLASPQTYGHTGWTGTVTVIDPVNHMTIVMLSNKPHSPVADPQKNPNMFESGQLPIATYGWVVDQVYAALKQK : 434 

169756179|gb|ACA78878.1| E. coli ATCC 8739         : IGMDVPGKADALGLGWVYMAP-----KEGRPGIIQKTGGGGGFITYMAMIPQKNIGAFVVVTRSPLTRFKNMSDGINDLVTELSGNKPLVIPAS-------- : 385 

170021837|ref|YP_001726791.1| E. coli ATCC 8739    : PDIIVNGSDNKIALAARPVKAITPPTPAVRASWVHKTGATGGFGSYVAFIPEKELGIVMLANKNYPNPAR--VAAAWQILNALQ------------------ : 377 

334108328-AEG45218.1-beta-lactamase-class-A-       : LTAVVPDG-------------------VRFGSKSGWVDGIRHDVAFVGEPGPDALVVAVCTRGYAEPDAVEAIRALGALAVSLAR----------------- : 276 

329128949-AEB73502.1-beta-lactamase-class-A-       : GNFDESGEN------------------VAVYNKTGEGNLIDHDVAQIVYNNHSVDIAMLTAGSLNRMETIQKFNQVGQSVVDWLA----------------- : 248 

342162681|ref|YP_004767320.1-beta-lactamase-class-A: ISSKMAGKVMEAIYNQNGFVLESLTKTDFDNQRIAKGVSVKVAHKIGDADEFKHDTGVIYADFPFILSIFTKNSDYDTISQIAKDVYEVLK----------- : 422 

340528492-AEK43697.1-beta-lactamase-class-A-       : AALIRAGAPAG----------------WAVADKTGSGSYATRNDIAVVWPPGRAPIVLIVMSSRQAESADHDDRLIAQAAKLALDAFRS------------- : 299 

334860674-AEH11148.1-beta-lactamase-class-B-       : ARNVRAGAETAFQVAA----------AMRWTRRERRLDELDTTSQTLAVLEIEAHLDLLVEHDQLVAATA--GDGVVRYATRN------------------- : 348 

340532335-AEK47540.1-beta-lactamase-class-B-       : RSALKTLGAD----------------ATPRQVVEVVYADVDRALWAPAEWSVQAQLDYLRSEENG------------------------------------- : 256 

348175536|ref|ZP_08882430.1-beta-lactamase-class-B : AEVVRDGAGTAYEAAL----------KLGWTRRNHKLLDLDLLNQVLAVGETNAHLDVLVTRG-ILTSST--PDGVVEYAVSREG----------------- : 346 

325000211|ref|ZP_08121323.1-beta-lactamase-class-B : RDAVVAGAPTAQDVAR----------VLRWTRREHRFDDMDLFNRMLAVLETGAHLDVLADRGDLVRSET--VDPASGAMIATYTA---------------- : 357 

2569957|emb|CAA75401.1-beta-lactamase-class-C-     : ADSIINGSDSKVALAALPAVEVNPPVPAVKASWVHKTGSTGGFGSYVAFVPEKNLGIVMLANKSYPNPVR--VEAAWRILEKLQ------------------ : 381 

11544709|emb|CAC17627.1-beta-lactamase-class-C-    : LKTLLAGNSSDMALKSHKIEKFDTPRQPSADVWLNKTGSTNGFGAYAAFIPAKKTGIVLLANRNYPIDER--VKAAYRILQALDNKQ--------------- : 390 

340530090-AEK45295.1-beta-lactamase-class-C-       : AEMPFDGHGFGLGFSVLEDP-----VKARTLSSPGEFAWGGAASTAFWVDPDEDLTVGFYTQLLPSSSYRLRPQLRQLVYQAMVD----------------- : 409 

213988270-ACJ58569.1-beta-lactamase-class-C-       : LQTLLDSNSEQIVMKPNKVTAIS---KEPSVKMYHKTGSTNGFGTYVVFIPKENIGLVMLTNKRIPNEER--IKAAYAVLDAIKK----------------- : 383 

298700538-ADI91103.1-Beta-lactamase-class-D-       : QSMVFIEEKNGRK-------------IYAKSGWGWDVEPQVGWLTGWVVQPQGEIVAFSLNLEMKKGIPSSIRKEIAYKGLEQLGIL--------------- : 273 

344924032|ref|ZP_08777493.1-Beta-lactamase-class-D : REVMDRGEIWDGWKLYGKTGG----GHVNDGWFVGWIEKGGQHIIFAQSLDLDDPDLDLTGVTRQSSVGLTAKELIKRELQSFWKQS--------------- : 285 

338820232-EGP54206.1-beta-lactamase-class-D-       : MAIVPLFNTKSGWRVHGKTG------SGWTRDNNGQIQRNRPEGWFVGWAEREGRVIVFARLGVGSVEGRQGLIEQEKLLAVLENL---------------- : 265 

336315817|ref|ZP_08570724.1-beta-lactamase-class-D : KDMMVNEAGKDWILRAKTG------WEGRFGWWVGYVEWPTGPVFFALNIDTPDRMADLYKREAIVRDVLVSIGALPAPTETD------------------- : 269 

                                                                                                                                                                  
 

 

Figure 3. Cont. 

 
 
 

Microbes in our lab. represent E. coli ATCC 8739, 
B. stearothermophilus ATTC 7953 and P. 
aeruginosa ATCC 9027 have been investigated 
for the existence of β-lactamases. As we expected 
the three invastigated strains are resistance to β-
lactam/β-lactam inhibitor. P. aeruginosa has been 
used to produce in lab. alginate which has been 
purified and characterized following the method 
described previously by Amara et al. (2011). The 
P/S combinations has been used to give a more 
contrast while E. coli ATCC 8739 as well as B. 
stearothermophilus are resistance to penicillin but 
sensitive to P/S. Alginate proves clearly that it has 
a supportive effect for the antibiotic to kill 
microbes in low concentrations while it has a 
protective effect in high concentrations as shown 
in Figure 5. The results show clearly that alginate 
could protect microbes from various antibiotics at 
the high concentration. This agree with the fact 
that alginate in low concentration is permeable 

and induces static condition for microbes. The 
survival due to high alginate concentration can 
either save the microbes or can give them the 
chance to elevate mutations or aquire resistance 
gene(s). This fact needs more studies to be fully 
understood. It is important to highlight that many 
authors have been proved that different mutation 
in β-lactamases conducted in lab released 
resistance to different antibiotics as the example 
of Venkatachalam et al. (1994) in the introduction 
part. The concept of one of the site directed 
mutagenesis kits (Promega) is based onthis fact. 
Another example explaining the dynamism of the 
genes transfer mechanisms is the entero-
hemorrhagic E. coli isolates containing virulence 
plasmids and pathogenicity islands similar to 
those found in Shigella spp. (Burland et al., 1998 
and Makino et al., 1998). Although it was a matter 
of speculation whether, those genetic deter-
minants acquired, demonstrated that it contains 

as many as 1387 new genes in comparison with 
the previously sequenced nonpathogenic 
laboratory strain E. coli K-12 (Blattner et al., 
1997). This study proves that the biological 
system is dynamic, and not only a single theory 
controlled the resistance generation and distr-
ibution. Resistance could happened individually 
and collectively. Biofilm, which gave the chance 
and the time for sensitive strains to survive under 
the effect of different kind of antibiotics, it could be 
one of the essential mechanisms in antibiotic 
(such as P/S) resistance elevation. 
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Figure 4. Threading model of the E. coli ATCC 8739 different β-lactamase [1 and 4 100% identical] 2D ulestereted by RasWin Molecular 

Graphics v 2.6.  

 
 
 

 
 
Figure 5. The inhibition zone diameter of Pinicilline/streptomycine  
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