Report 3: Cloning and sequencing putative nitroreductase genes from Bacillus spp.
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Fig 1. 1.5 % Agarose gel electrophoresis of vector and source DNA digestions. Lane order: (1) negative control PCR (dH2O) (7 μL), (2) positive PCR control (Bacillus subtilis DNA), (3) Bacillus megaterium PCR DNA, (4) B Niger, (5) 1 Kb ladder, (6) pCR2.1 EcoR1/HindIII digest.
1. The small bands seen in lanes 1, 2, 3, 4 may correspond to leftover primers from an inefficient gene clean especially since there should have been no bands in lane 1 being that its just dH2O present.
The bands in lanes 3 and 4 corresponding to 250 Kb, indicates the putative nitroreductase homologues of nfrA1 and bnrA. 
Since pCR2.1 was digested with EcoR1 and HindIII the resulting band corresponding to around 4kb seen in lane 6. The produced the gap between the two restriction sites would only be around 42 bases long which probably is too small to be detected and therefore it appears as if there is only one band seen at . Another major reason is that for the restrtiction digests, we only used EcoR1 buffer, which would only provide optimum reaction conditions for the EcoR1 restriction enzyme (2).
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Table 1. Ligation and transformation results.

	Group
	Ligation method
	Strain of Bacillus
	Primer
	Growth on Ap plate
	Growth on Km plate
	Inserts by PCR

	
	
	
	
	# Blue Colonies
	# White Colonies
	# Blue
	# White
	

	Demo
	2
	B.Th
	1
	100    49
10-1     0
	100       7
10-1
	100     4
10-1    0
	100     1
10-1    0
	7/7

	Demo
	2
	B.Mg
	1
	100       45
10-1     0
	100      4
10-1     0
	100        3
10-1    0
	100      0
10-1    0
	4/4

	1
	2
	B.G
	1
	100        7
10-1     5
	100    17
10-1   11
	100   18
10-1    0
	100    31
10-1   2
	4/4

	7
	2
	B.N
	1
	100  120
10-1   14
	100  308
10-1     9
	100   34
10-1    1
	100   60
10-1    4
	7/8

	9
	2
	B.At
	1
	100  236
10-1   18
	100  228
10-1     5
	100 180
10-1    6
	100   31
10-1    8
	4/6

	9
	2
	B.Am
	1
	100    16
10-1      1
	100      2
10-1     0
	100     5
10-1    0
	100     1
10-1    0
	2/6

	5
	2
	B.Th
	2
	100      3
10-1     0
	100      0
10-1     0
	100     1
10-1    0
	100     0
10-1    0
	N/A

	3
	2
	B.Th
	1
	100      0

10-1     0
	100      0

10-1     0
	100     0

10-1    0
	100     0

10-1    0
	N/A

	1
	1
	B.G
	1
	100TMTC

10-1  130
	100TMTC

10-1    31
	100TMTC

10-1    27
	100TMTC

10-1     5
	2/4

	3
	1
	B.Th
	1
	100       0

10-1      0
	100       0

10-1      0
	100       0

10-1      0
	100       0

10-1      0
	N/A

	6
	3
	B.N
	2
	100       7

10-1      0
	100      21

10-1      0
	100       5

10-1      0
	100       2

10-1      0
	4/8

	2
	3
	B.Am
	2
	100       0

10-1      0
	100       0

10-1      0
	100       0

10-1      0
	100       0

10-1      0
	N/A

	8
	3
	B.At
	2
	100       0

10-1      0
	100       0

10-1      0
	100       0

10-1      0
	100       0

10-1      0
	N/A

	Demo
	5
	B.Mg
	2
	100>300

10-1
	100  115

10-1
	100>300

10-1
	100 108

10-1
	3/8

	Demo
	5
	B.G
	2
	100  137

10-1
	100  212

10-1
	100  153

10-1
	100   27

10-1
	2/8

	6
	5
	B.Mg
	2
	100    15

10-1     1
	100      0

10-1     0
	100    10

10-1     0
	100     2

10-1    0
	N/A

	7
	5
	B.N
	1
	100      4

10-1      0
	100      3

10-1      0
	100      5

10-1     0
	100      2

10-1    0
	N/A

	4
	5
	B.G
	2
	100      3

10-1     0
	100      0

10-1     0
	100      2

10-1     0
	100     0

10-1     0
	N/A

	8
	5
	B.At
	2
	100       0

10-1      0
	100       0

10-1      0
	100       0

10-1      0
	100       0

10-1      0
	N/A

	2
	4
	B.Am
	2
	100       0

10-1      0
	100       0

10-1      0
	100       0

10-1      0
	100       0

10-1      0
	N/A



The difference between transformants and recombinants is that though both have taken up the vector pCR2.1 (or at least the colonies not dependent upon the “feeder effect” for survival), only the recombinants that have the PCR product inserted within the multicloning site of pCR2.1 such that alpha-complementation does not occur and colonies would appear white instead of blue (2). 

The transformation control was whether or not the plasmid conferring antibiotic resistance to Amphicillin and Kananmycin was incorporated into the bacteria so that they were transformed and thus express the antiobiotic resistances of pCR2.1. 
Notice that from Table 1. ligation # 2, which used sticky end ligation to dephosphorylated vector, had the highest overall success rate for recombination. The reason for such a high successful rate of vector-insert interactions because they are enhanced by the fact that having the vector dephosphorylated reduces vector recirculariztion since ligase enymes require the 5’ phosphoryl terminus. In terms of the number transformants ligation # 2 doesn’t do too bad but it’s the standard sticky-end ligation # 1 that has the highest number of transformants as seen in the results obtained from the demonstrator. Despite this however, ligation # 1 has a 50/50 recombination ratio as obtained from group 1. This  can be understood since ligation 1 uses sticky ended PCR products (as do all ligations except 4) created from primers containg a restriction site in the 5’ end. In Ligation 1 the PCR products and pCR2.1 are digested with HindIII and are ligated together routinely. Forced cloning ligation # 3 also has a 50/50 success rate for recombinants from my group 6, but with a pretty low number of transformants. It uses forced cloning were the PCR product and pCR2.1 is digested with both HindIII and EcoR1, such that the two ends of each molecule are different and they are unable to self ligate but can with each other in a specific orientation (2). TA-topo ligation #5 boasted some pretty high transformant numbers but had a low rate of recombinants. Ligation 5 uses a TA cloning vector, pCR2.1-Topo, which is engineered to contain 3’ T overhangs that are complementary to 3’ A of the PCR product to be then ligated together by Topoisomerase I (2). The last ligation method # 4, which utilized blunt end ligation was not surprisingly very productive in either transformants and recombinants. The strategy behind ligation 4 is to use a proof reading enzyme, EcoRV, to create flush ended PCR products which can then be ligated into the vector DNA, pCR2.1, cut with a blunt end restriction enzyme, Vent (2).
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Figure 2. Agarose gel electrophoresis of PCR products. Lane order: (1) 1 Kb ladder (7 μL), (2) PCR sample of putative recombinant colony # 1 (10 μL), (3) #2, (4) # 3, (5) # 4, (6) # 5, (7) #6, (8) # 7, (9) # 8, (10) # 9.

To determine whether or not the white transformants contained recombinant plasmids was by observing which bands would produced that would be bigger than the inherent multicloning site that is roughly 500bp since we used primers that would anneal to either side of the polylinker thus incorporating them along with the insert (2). Therefore any fragments larger than 500bp would indicate that desired fragment had been inserted (Figure 2).

Not all our transformants contained inserts, only colonies in lanes 3, 6, 7 and 8 were true recombinants. The reason we obtained white transformants that weren’t true recombinants was due to the fact that when pCR2.1- topo was used it may be that the plasmid recircularized, disrupting the α portion of the LacZ gene carried by the plasmid but not actually incorporating any insert. If one looks at Table 1. ligation 5 seems to have this occur often, where there are transformants but few of them actually are recombinants. 
5’ CANTGAANGATNCGCCAGCTTCGGCATCGCGGTTTTTTCGCTGAGCGGTCCGCAGGGTGTCCGATGACAAGCCCTGAGACAGGGAAAACATATTTCGGAAGCTCAAGCAATTCAATCATTTCATCCGGCTTTCCGCGGACGGCGCCGATCGGTACAGTGCCTAAACCGAGCGATTCGGCAGCGGCAGTTGCGGTGCCAAGCGCGATTCCCGCATCAACGGCGCCTACTAGAACAGATTCCAGTCCGTCTGTTACTTTCAGTTCGATGTTGTTTAATTCCTCGAGCGCGATTTTGGCCCGGTTAAAATCTGCGCAGAACAGCAGAATTCTGCAGATATCCATCACACTGGCGGCCGCTCGAGCATGCATCTAGAGGGCCCAATTCGCCCTATAGTGAGTCGTATTACAATTCACTGGCCGTCGTTTTACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCTGGCGTAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATGGACGCGCCCTGTAGCGGCGCATTAAGCGCGGCGGGTGTGGTGGTTACGCGCAGCGTGACCGCTACACTTGCCAGCGCCCTANCGCCCGCTCCTTTCGCTTTCTTCCCTTCCTTTCTCGCCACGTTCGCCGGCTTTCCCCGTCNAGCTCTAAATCNGGGGCTCCCTTTANGGTTCCNATTTANTGNTTTACNGNNCCTCNACNNNNANAAANNTNANNANNNNNANGNNTNNNNNNNNGNNNNNNNNNNNNNANNNANNNNTTTTNNNNNNNNNNNNNNNNN 3’
Figure 3. Sequence of the cloned fragment. _ = vector sequence, ​_ = A that should be double, _ = HindIII restriction site, _ = ARev, unhiglighted = insert sequence, _ = A2For, _ = EcoR1 restriction site, _ = EcoRV, _ = M13 forward primer.
From the ncbi website, P = 1 – e (-E), when E< 0.01, P~E (ie. E approximates the probability of match occurring by chance alone as E gets smaller) thereore the E value is a good measure of the significance of the alignment. The lower the E-value (closer to 0), the more likely that the match is real, the higher the E-value (closer to 1), the more chance the match is bogus. If a smaller query is used, the higher the chance of a low E score. A larger query will increase that probability of sequence heterogeneity. Also increasing the database size, as in not focusing soley on bacteria, will increase the chances of getting more lower E values since a larger number of sequences are being compared.
Table 2.  Blast search results.
	Group
	Fasta


	E value
	Search type

	6
	gi|15825441|gb|AF417208.1|AF417208 Bacillus subtilis oxidoreductase (ycnD) gene, complete cds


	2e-06
	blastn

	6
	gi|32468695|emb|Z99106.2|BSUB0003 Bacillus subtilis complete genome (section 3 of 21): from 415769 to 611680


	2e-06


	blastn

	6
	gi|1805369|dbj|D50453.1| Bacillus subtilis DNA for 25-36 degree region containing the amyE-srfA region, complete cds


	2e-06
	blastn

	6
	gi|16077454|ref|NP_388268.1| similar to NADPH-flavin oxidoreductase [Bacillus subtilis]


	1e-24
	blastx

	6
	gi|15894006|ref|NP_347355.1| Ortholog ycnD B.subtilis, nitroreductase [Clostridium acetobutylicum]
	2e-10


	blastx

	6
	gi|34498955|ref|NP_903170.1| oxygen-insensitive NADPH nitroreductase [Chromobacterium violaceum ATCC 12472]
	1e-07
	blastx

	6
	gi|15615515|ref|NP_243819.1| NADPH-flavin oxidoreductase [Bacillus halodurans]


	1e-07
	blastx

	4
	gi|15825441|gb|AF417208.1|AF417208 Bacillus subtilis oxidoreductase (ycnD) gene, complete cds


	e-159


	blastn

	4
	gi|32468695|emb|Z99106.2|BSUB0003 Bacillus subtilis complete genome (section 3 of 21): from 415769 to 611680


	e-159


	blastn

	4
	gi|1805369|dbj|D50453.1| Bacillus subtilis DNA for 25-36 degree region containing the amyE-srfA region, complete cds


	e-159


	blastn

	4
	gi|16077454|ref|NP_388268.1| similar to NADPH-flavin oxidoreductase [Bacillus subtilis]


	5e-35
	blastx

	4
	gi|15894006|ref|NP_347355.1| Ortholog ycnD B.subtilis, nitroreductase [Clostridium acetobutylicum]
	4e-12
	blastx

	4
	gi|34498955|ref|NP_903170.1| oxygen-insensitive NADPH nitroreductase [Chromobacterium violaceum ATCC 12472]
	9e-11
	blastx

	    4
	gi|15613611|ref|NP_241914.1| NADPH-flavin oxidoreductase [Bacillus halodurans]
	8e-10


	   blastx


From our sequence (Figure 3.) we obtained the insert sequence for which the hits I obtained from using it in Blastn and Blastx were very good significants hits, all being well below an E value of 1 and all the top matches being for B. subtillis except for the match with Clostridium acetobutylicum. I choose group 4’s ligation # 3 of B.Am to pCR2.1, which was the same that we used except our strain was B.N, the insert sequence that we obtained from them was:
TTCGCTGAACGGTCGGCAGGATGCCCAATGACAAGGCCGGATAAAGGGAACACGTATTTCGGAAGCTCAAGCAGTTCGATCAGCTCTTGAGGGTTTCCGCGAACTGCACCGATCGGAACTGTGCCAAGTCCGAGTGACTCAGCCGCTGCTGTTGCTGTGCCGAGGGCAATACCAGCGTCTACTGCGCCGACAAGAACAGATTCCAATCCATTTGTGATTTCCATTTTGAAATCATGCAGATCTTCAAGCGCAATTTTGGCCCGGTTAAAATCTGCGCAGAACAGCA

Blastn sequence alignments:

Group 6

>gi|15825441|gb|AF417208.1|AF417208   Bacillus subtilis oxidoreductase (ycnD) gene, complete cds

          Length = 750

 Score = 60.0 bits (30), Expect = 2e-06

 Identities = 69/82 (84%)

 Strand = Plus / Minus

Query: 1   ttcgctgagcggtccgcagggtgtccgatgacaagccctgagacagggaaaacatatttc 60

           |||||||| ||||| ||||| || || |||||||| || || | |||||| || ||||||

Sbjct: 515 ttcgctgaacggtcggcaggatgcccaatgacaaggccggataaagggaacacgtatttc 456

Query: 61  ggaagctcaagcaattcaatca 82

           ||||||||||||| ||| ||||

Sbjct: 455 ggaagctcaagcagttcgatca 434

Group 4
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>gi|16077454|ref|NP_388268.1|   similar to NADPH-flavin oxidoreductase [Bacillus subtilis]

 gi|3025092|sp|P94424|YCND_BACSU   Hypothetical oxidoreductase ycnD

 gi|7446910|pir||H69763   NADPH-flavin oxidoreductase homolog ycnD - Bacillus subtilis

 gi|1805456|dbj|BAA09018.1|   homologue of NADPH-flavin oxidoreductase Frp of V. harveyi

           [Bacillus subtilis]

 gi|2632687|emb|CAB12194.1|   ycnD [Bacillus subtilis subsp. subtilis str. 168]

 gi|15825442|gb|AAL09698.1|   oxidoreductase [Bacillus subtilis]

          Length = 249

 Score =  113 bits (283), Expect = 1e-24

 Identities = 57/88 (64%), Positives = 67/88 (76%)

 Frame = -3

Query: 266 NRAKIALEELNNIELKVTDGLESVLVGAVDXXXXXXXXXXXXXXXXXXTVPIGAVRGKPD 87

           NRAKIALE+L++ ++++T+GLESVLVGAVD                  TVPIGAVRG P 

Sbjct: 84  NRAKIALEDLHDFKMEITNGLESVLVGAVDAGIALGTATAAAESLGLGTVPIGAVRGNPQ 143

Query: 86  EMIELLELPKYVFPVSGLVIGHPADRSA 3

           E+IELLELPKYVFP+SGLVIGHPADRSA

Sbjct: 144 ELIELLELPKYVFPLSGLVIGHPADRSA 171

Blastx sequence alignments:

Group 6
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>gi|16077454|ref|NP_388268.1|   similar to NADPH-flavin oxidoreductase [Bacillus subtilis]

 gi|3025092|sp|P94424|YCND_BACSU   Hypothetical oxidoreductase ycnD

 gi|7446910|pir||H69763   NADPH-flavin oxidoreductase homolog ycnD - Bacillus subtilis

 gi|1805456|dbj|BAA09018.1|   homologue of NADPH-flavin oxidoreductase Frp of V. harveyi

           [Bacillus subtilis]

 gi|2632687|emb|CAB12194.1|   ycnD [Bacillus subtilis subsp. subtilis str. 168]

 gi|15825442|gb|AAL09698.1|   oxidoreductase [Bacillus subtilis]

          Length = 249

 Score =  113 bits (283), Expect = 1e-24

 Identities = 57/88 (64%), Positives = 67/88 (76%)

 Frame = -3

Query: 266 NRAKIALEELNNIELKVTDGLESVLVGAVDXXXXXXXXXXXXXXXXXXTVPIGAVRGKPD 87

           NRAKIALE+L++ ++++T+GLESVLVGAVD                  TVPIGAVRG P 

Sbjct: 84  NRAKIALEDLHDFKMEITNGLESVLVGAVDAGIALGTATAAAESLGLGTVPIGAVRGNPQ 143

Query: 86  EMIELLELPKYVFPVSGLVIGHPADRSA 3

           E+IELLELPKYVFP+SGLVIGHPADRSA

Sbjct: 144 ELIELLELPKYVFPLSGLVIGHPADRSA 171
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Fig. 4. Group 1 of the evolutionary distance tree showing the phylogenetic relationship between the genus Bacillus. The evolutionary distance between two species is the sum of the total branch lengths between them (1).
Observing once again the phlyogenetic similarities between B. subtillis and B. Ammyloliquefaciens it is not too surprising that the E values obtained from group 4’s sequence were low, but is was when comparing to how much lower they were than ours. Of course I would have expected lower E values for B.Niger because, as some papers have mentioned, it is a variant of B. subtillis (3). It should also be noted that unlike our sequence, group 4 actually had a match with B. halodurans, a divergent species from B. subtillis.
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