Homework II
1. Your biochemistry professor hands you a model of a circular DNA and instructs you to closely monitor its topological characteristics. You are given a relaxed, covalently closed circular DNA of 210bp and a helical repeat of 10.5 (molecule A). You are then instructed to remove or denature two helical turns in this molecule. When you try to do this, you notice that the molecule assumes one of 2 forms (molecule B and C). Molecule B does not have any supercoils but molecule C does. 

What is the linking number, twisting number and writhing number of molecule A? L = 20, T = 20, W = 0
What is the linking number, twisting number and writhing number of molecule B?

L = 18, T = 18, W = 0
What is the linking number, twisting number and writhing number of molecule C?

L = 18, T = 20, W = -2
When molecule C is subjected to a sucrose density gradient centrifugation with increasing concentration of an intercalating agent like ethidium bromide, describe what happens.

Negatively supercoiled DNA (such as C) will have a higher sedimentation rate than its relaxed form. Sucrose density gradient centrifugation with increasing concentration of ethidium bromide will decrease its sedimentation rate as ethidium bromide introduces positive supercoils. At the “equivalence point” or “critical dye concentration” the two negative supercoils in C will be relieved by compensatory positive supercoils and it will assume relaxed form where its sedimentation velocity is minimal. With higher concentrations of ethidium bromide C will contain positive supercoils and will have higher sedimentation rate. 
2. Dr. Thinks-a-lot has identified a new protein X in yeast that she wants to characterize in vitro. From the protein sequence, she understands that it is a highly basic protein. To do her characterization studies, she needs to generate mg or more of X. For future purposes, she decides to tag the C terminus of X with a FLAG epitope (an octapeptide sequence). She has, at her disposal 2 vectors (illustrated below):
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Vector M is a protein expression vector.

A-G = unique restriction enzyme sites
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A = HindIII 5’ AAGCTT 3’ 


B = PvuII 5’ CAGCTG 3’


C = BamH1 5’ GGATCC 3’


D = BglII 5’ AGATCT 3’


E = EcoRI 5’ GAATTC 3’


F = SalI 5’ GTCGAC 3’


G = ScaI 5’ AGTACT 3’

Based on this information, describe how Dr. Thinks-a-lot uses the protein X DNA sequence (insert) and vectors M and N to generate a vector containing the sequence of protein X followed by a FLAG sequence which we will vector O.

Answer I (Student A)
We need to insert both the FLAG tag and the Protein X DNA sequence in to vector M .For inserting the Flag Tag , cut vector M by B& C. Cut vector N by B and D. Purify the DNA . The overhangs of C and D can join together. Also overhangs of cut B  in both vectors can joined together. Incubate both cut vectors with ligase enzyme for the ligation. Purify the DNA. For inserting Protein X DNA sequence. Cut the the Protein X fragment with G and B .Both have blunt end cut. Cut the Vector M with B. Purify each cut DNA. Blunt end Protein X fragment can be joined to vector M. Incubate both cut DNAs with ligase enzyme for joining the ends. This will provide vector O with Protein X fragment followed by FLAG tag. Confirm the orientation of joining by sequencing.

Answer II (Student B)

Dr. Thinks-a-lot might do the following steps :-

a. First run a PCR with the protein x DNA sequence as the template and with primers designed such that 2 new restriction sites are created on the sequence, one to the right of site B, and other to the left of site G, such that the protein X DNA sequence has the 2 restriction cut sites bordering it at both ends. The restriction sites would be ‘A’ to the right (downstream) of ‘B’, and ‘C’ to the left (upstream) of ‘G’ if the promoter for the operon is upstream (to the left side) of ‘E’ or ‘E’ if the promoter is upstream (to the right side) of ‘C’.  so the amplified fragment would look like – 

         C/E      G    (protein x DNA)      B        A

          _|_____|___________________|_____|_

b. Digest vector n with HindIII and BgIII. This would yield 2 products – a piece of plasmid from A to D having the Flag sequence, and the other without it. The fragment with the flag sequence would be smaller. She is to preserve this sequence and discard the other. Selection may be done by running on an agarose gel.

c. The flag sequence containing fragment of vector n may now be ligated with the amplified protein X DNA by DNA ligase. This would give a DNA stretching from site ‘C’ (or site ‘E’) to site D. let this be strand X.

d. Strand X can now be amplified to incorporate a restriction site F to the left of site D. The amplified strand would look like the following – 

   E/C       G    (Protein X DNA)    B    A    (FLAG)      D   F

     _|_____|___________________|___|_____________|__|_

e. Now vector m would be digested with EcoRI and SalI or by BamHI and SalI, depending on what restriction site is upstream of the protein x DNA sequence. The larger sized fragment would be selected for.

f. Strand x and the larger fragment of vector m would now be incubated with DNA ligase. This would incorporate the strand x into vector m creating vector o. the better option would be to insert the strand x between sites E and F on the vector m since that would avoid loss of several restriction sites which could be used later.
Answer III (Student C)

To engineer a recombinant vector containing the Protein X DNA sequence, followed by a FLAG sequence, and the lac operon, we first begin by modifying the protein x sequence.  Using PCR we can generate new protein x sequence strands that contain restriction endonuclease cut sites for HindIII and BglII on each end.  Next, we can digest the sequence with the respective enzymes to produce a fragment containing protein x.  Next, Vector N is subsequently digested with enzymes HindIII and BglII to produce the overhanging sticky ends: 5’-AGCTT-3’ and 5’-GATCT-3’ respectively.  This can then be ligated with the protein X sequence to produce a secondary vector (say P).  Meanwhile, Vector M is digested with BamHI while Vector P is digested with BglII.  The complementary sticky ends which are produced by the digestion signifies that both enzymes are isocaudamers.  After ligating both together, Vector O is produced containing all of the desired components, and is now ready for recombinant protein expression via the lac operon expression system. Depending on where the lac operon is, the orientation of the X-FLAG can be verified with sequencing. 
Answer IV (Student D)
She will first put the Protein X DNA sequence in the vector N. 

1. She will digest the Protein X DNA sequence with restriction enzyme ScaI (G) and PvuII (B) (blunt end) and simultaneously digest the vector N first with enzyme i.e. HindIII (A), then after the digestion add dNTP and Klenow (DNA Polymerase I) to make blunt end as Hind III gives 5’ overhang . Keep reaction mixture for 15 minutes at room temperature then heat inactivate at 75 degree Celsius for 15 minutes and then digest the same DNA with ScaI (G).

2. After digestion she will run the DNA on agarose gel, purify the band of interest and ligate the two DNA bands (protein and vector DNA band).

3.  Then she will do the transformation in E.Coli, pick the clones check it with restriction enzyme for positive clones and also check the orientation of positive clones with suitable enzymes as both enzymes have blunt ends to make sure protein is in right orientation in the vector. Now with positive clones she has her Protein X DNA sequence followed by Flag Tag at C terminal of protein in Vector N.

4. Now she will cut this clone with having Flag tag at the C terminal of Protein X. 

5. Now she will digest this clone with enzyme ScaI (G) and BglII (D) and   simultaneously digest the Vector M with enzyme PvuII (B) and BamHI (C) 

6. After digestion she will run the DNA on agarose gel, purify the DNA band of interest and ligate the two fragments. ScaI and PvuII both give blunt ends will ligate easily and BglII and BamHI give compatible cohesive ends, the will also ligate easily. Do the transformation; pick out the positive clone sand check with restriction enzyme for positive clones. Now she has her Protein X sequence having Flag tag at C terminal in Vector which we named O with Lac operon expression system. 
Answer V (Student E)
a) Amplify X gene using PCR with primers, that contain noncomplementary regions. 5’end primer has sequence for EcoRI (E) restrictase and 3’ end primer has FLAG sequence, followed by  sequence for HindIII (A) restrictase. 

b) Restrict new fragment and vector M with  EcoRI (E) and HindIII (A) restrictases. And then ligate new fragment and vector M.

c) transform the vector into E.coli cell

d) Screen the cells for the biggest vector (that will be vector with protein and flag sequence)
Answer VI (TA)

PREPARATION OF INSERT

Amplify Protein X DNA sequence with primers containing RE sites F (on 5’ end) and A (on 3’end). Alternatively you can attach adaptors with the same restriction sites. Cut insert with F and A. Do a gel purification of the insert or pass it through a size exclusion column to get rid of the small fragments generated due to RE cutting. 
PREPARATION OF VECTOR

Cut vector N with A and D. Gel purify the small fragment containing FLAG. Cut vector M with A and C. Gel purify the bigger fragment. Ligate FLAG fragment with vector M fragment to generate vector MN. C and D generate the same sticky ends and hence can ligate together. Cut vector MN with F and A. Gel purify the bigger fragment. 

LIGATION OF PROTEIN X INSERT AND VECTOR MN

The final step is to ligate the cut insert and the cut vector MN to generate vector O. 
Describe how she would use vector O to generate lots of protein X assuming vector M is a lac operon based expression system. 

Vector O is first transformed into a competent E. coli cell such as BL21(DE3) which is an all purpose strain engineered for high levels of protein expression and easy expression.   A starter culture (~1-5ml of LB media supplemented with an antibiotic that selects for the plasmid), of the transformed strain is grown overnight. From the starter culture a larger culture is inoculated. At mid log phase, the larger culture is induced with 1mM IPTG. IPTG, a gratuitous inducer of the lac operon serves as a better inducer than lactose because unlike lactose, it is not metabolized and remains at high concentrations in the cell over the length of induction period. Induction times may vary depending on the protein. In the absence of lactose/IPTG, the repressor protein encoded by the I gene binds to the lac operator and prevents transcription. Binding of lactose (and its relatives) to the repressor causes it to leave the operator. This enables RNA polymerase to transcribe the gene (in this case gene encoding protein X) under the control of the lac operon. 
Assuming, Dr. Thinks-a-lot is successful in generating large amounts of FLAG tagged protein X, name at least two methods by which she can purify the protein. Comment on the resins and elution buffers used in the methods you named. 

1. Immunoaffinity chromatography – based on FLAG-antiFLAG interaction. Resin = FLAG antibody –agarose conjugate, binding buffer = any buffer in which the protein is stable with optimum salt concentration (~300mM NaCl), elution buffer = same buffer as binding buffer with desired salt concentration and an excess of FLAG peptide
2. Cation exchange chromatography – based on ionic interaction between basic protein and negatively charged resin. Resin = negatively charged resin like CM based resins, binding buffer = any buffer with pH below pI of protein so that the protein stays positively charged, elution buffer = either high salt buffer to disrupt ionic interactions between protein and resin or buffer with pH above pI of protein so that the protein loses its net positive charge. 
Having purified protein X from yeast, Dr. Thinks-a-lot is motivated to try cloning and expressing X from higher organisms. She uses a web tool called BLAST to find homologs of X in higher organisms. Assuming X is “HHT1” perform a similar protein BLAST search yourself (go to NCBI BLAST) and name at least three such homologs from organisms higher than yeast.  The protein sequence of HHT1 is available in the Saccharomyces genome database. 

Almost all the proteins are H3 proteins or a variant of H3. From the list below you have to choose from organisms higher than yeast. 
ref|XP_454338.1|  unnamed protein product [Kluyveromyces lacti...   271    1e-71 


 HYPERLINK "http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=search&term=50308671%5BPUID%5D&RID=BG5GY27001S&log$=genetop&blast_rank=1" 
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ref|NP_009564.1|  One of two identical histone H3 proteins (se...   270    3e-71 


 HYPERLINK "http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=search&term=6319482%5BPUID%5D&RID=BG5GY27001S&log$=genetop&blast_rank=2" 
[image: image5.png]




gb|AAM74217.1|AF520061_3  HHT2p [Candida glabrata]                  269    8e-71

ref|XP_456791.1|  hypothetical protein DEHA0A10912g [Debaryomy...   267    2e-70 


gb|AAS64341.1|  histone H3 [Saccharomyces cerevisiae] >gb|AAS6...   266    4e-70

pdb|1ID3|A  Chain A, Crystal Structure Of The Yeast Nucleosome...   265    8e-70 


ref|XP_001525519.1|  histone H3 [Lodderomyces elongisporus NRR...   264    2e-69 


ref|NP_001106556.1|  hypothetical protein LOC100127748 [Xenopu...   263    3e-69 


 HYPERLINK "http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=search&term=163915147%5BPUID%5D&RID=BG5GY27001S&log$=genetop&blast_rank=8" 
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ref|XP_713710.1|  histone H3 [Candida albicans SC5314] >ref|XP...   263    4e-69 


ref|XP_001486587.1|  histone H3 [Pichia guilliermondii ATCC 62...   262    6e-69 


ref|XP_752749.1|  histone H3 [Aspergillus fumigatus Af293] >re...   262    7e-69 


ref|XP_001548662.1|  histone H3 [Botryotinia fuckeliana B05.10...   261    1e-68 


ref|XP_956003.1|  histone H3 [Neurospora crassa OR74A] >ref|XP...   261    1e-68 


ref|XP_460476.1|  hypothetical protein DEHA0F02860g [Debaryomy...   261    1e-68 


gb|EEQ76478.1|  histone H3 [Ajellomyces dermatitidis SLH14081]...   261    2e-68

ref|XP_001539096.1|  histone H3 [Ajellomyces capsulatus NAm1] ...   260    2e-68 


sp|Q9P427.3|H3_AJECA  RecName: Full=Histone H3 >gb|AAF90183.1|...   260    3e-68

dbj|BAD90801.1|  histone 3 [Conocephalum conicum]                   260    3e-68

dbj|BAD90772.1|  histone 3 [Conocephalum supradecompositum]         260    3e-68

dbj|BAD90770.1|  histone 3 [Conocephalum supradecompositum]         259    4e-68

ref|XP_002492001.1|  One of two identical histone H3 proteins ...   259    4e-68 


dbj|BAD90761.1|  histone 3 [Conocephalum conicum]                   259    5e-68

dbj|BAD90790.1|  histone 3 [Marchantia polymorpha]                  259    5e-68

ref|XP_001526473.1|  histone H3 [Lodderomyces elongisporus NRR...   259    6e-68 


dbj|BAD90769.1|  histone 3 [Conocephalum supradecompositum]         259    6e-68

dbj|BAD90759.1|  histone 3 [Conocephalum conicum]                   259    6e-68

gb|EEH20185.1|  histone H3 [Paracoccidioides brasiliensis Pb03...   259    6e-68

emb|CAA25761.1|  histone H3 [Neurospora crassa]                     259    7e-68

dbj|BAD90755.1|  histone 3 [Conocephalum conicum]                   259    8e-68

dbj|BAD90764.1|  histone 3 [Conocephalum conicum]                   258    1e-67

dbj|BAD90792.1|  histone 3 [Marchantia polymorpha]                  258    1e-67

dbj|BAD90773.1|  histone 3 [Conocephalum supradecompositum]         258    1e-67

dbj|BAD90804.1|  histone 3 [Conocephalum conicum]                   258    1e-67

ref|XP_719887.1|  histone H3 [Candida albicans SC5314] >ref|XP...   258    1e-67 


dbj|BAD90756.1|  histone 3 [Conocephalum conicum]                   258    1e-67

dbj|BAD90758.1|  histone 3 [Conocephalum conicum] >dbj|BAD9076...   258    1e-67

dbj|BAD90791.1|  histone 3 [Marchantia polymorpha]                  258    1e-67

dbj|BAD90778.1|  histone 3 [Conocephalum conicum]                   258    1e-67

dbj|BAD90775.1|  histone 3 [Conocephalum supradecompositum]         258    1e-67

dbj|BAD90807.1|  histone 3 [Conocephalum conicum]                   258    1e-67

dbj|BAD90802.1|  histone 3 [Conocephalum conicum]                   257    2e-67

ref|XP_760063.1|  histone H3 [Ustilago maydis 521] >sp|Q4P7J7....   257    2e-67 


ref|XP_658337.1|  H3_EMENI Histone H3 [Aspergillus nidulans FG...   257    3e-67 


dbj|BAD90805.1|  histone 3 [Conocephalum conicum]                   257    3e-67

ref|XP_001732747.1|  hypothetical protein MGL_0522 [Malassezia...   256    4e-67 


ref|NP_595567.1|  histone H3 h3.2 [Schizosaccharomyces pombe] ...   256    5e-67 


 HYPERLINK "http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=search&term=19112359%5BPUID%5D&RID=BG5GY27001S&log$=genetop&blast_rank=46" 
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dbj|BAD90784.1|  histone 3 [Conocephalum conicum]                   256    6e-67

sp|Q9HDN1.3|H3_MORAP  RecName: Full=Histone H3 >emb|CAC14792.1...   256    6e-67

dbj|BAD90767.1|  histone 3 [Conocephalum supradecompositum]         256    6e-67

dbj|BAD90765.1|  histone 3 [Conocephalum conicum]                   255    1e-66

dbj|BAD90783.1|  histone 3 [Conocephalum conicum]                   254    1e-66

dbj|BAD90789.1|  histone 3 [Marchantia polymorpha]                  254    2e-66

dbj|BAD90774.1|  histone 3 [Conocephalum supradecompositum]         254    2e-66

dbj|BAD90800.1|  histone 3 [Conocephalum conicum]                   254    3e-66

dbj|BAD90777.1|  histone 3 [Conocephalum conicum] >dbj|BAD9078...   253    4e-66

ref|XP_758856.1|  histone H3 [Ustilago maydis 521] >sp|Q4PB04....   253    4e-66 


sp|P10651.2|H33_SCHPO  RecName: Full=Histone H3.3 >emb|CAA2885...   253    5e-66

ref|XP_001729477.1|  hypothetical protein MGL_3512 [Malassezia...   253    6e-66 


ref|XP_002171589.1|  histone H3 h3_3 [Schizosaccharomyces japo...   253    6e-66 


gb|AAA20819.1|  histone H3                                          252    7e-66

gb|ACO08255.1|  Histone H3.3 [Oncorhynchus mykiss]                  252    1e-65

ref|XP_001623766.1|  predicted protein [Nematostella vectensis...   251    2e-65 


 HYPERLINK "http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=search&term=156356095%5BPUID%5D&RID=BG5GY27001S&log$=genetop&blast_rank=62" 
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gb|AAS59415.1|  histone H3.3B [Chinchilla lanigera]                 251    2e-65

ref|XP_001608164.1|  PREDICTED: hypothetical protein isoform 1...   251    2e-65 


 HYPERLINK "http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=search&term=156548621%5BPUID%5D&RID=BG5GY27001S&log$=genetop&blast_rank=64" 
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dbj|BAD90809.1|  histone 3 [Conocephalum conicum]                   250    2e-65

ref|NP_002098.1|  H3 histone, family 3A [Homo sapiens] >ref|NP...   250    2e-65 


 HYPERLINK "http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=search&term=4504279%5BPUID%5D&RID=BG5GY27001S&log$=genetop&blast_rank=66" 
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gb|ACO07612.1|  Histone H3.3 [Oncorhynchus mykiss]                  250    3e-65

ref|XP_002579313.1|  histone H3 [Schistosoma mansoni] >gb|AAW2...   250    3e-65 


 HYPERLINK "http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=search&term=256086246%5BPUID%5D&RID=BG5GY27001S&log$=genetop&blast_rank=68" 
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dbj|BAD90787.1|  histone 3 [Conocephalum conicum]                   250    3e-65

ref|XP_567545.1|  DNA binding protein [Cryptococcus neoformans...   250    4e-65 


dbj|BAD90763.1|  histone 3 [Conocephalum conicum]                   250    4e-65

dbj|BAD90781.1|  histone 3 [Conocephalum conicum]                   249    5e-65

ref|XP_537880.2|  PREDICTED: similar to histone 1, H2ai (predi...   249    5e-65 


 HYPERLINK "http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=search&term=74003971%5BPUID%5D&RID=BG5GY27001S&log$=genetop&blast_rank=73" 
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gb|AAZ72657.1|  histone H3.3 [Craterostigma plantagineum]           249    5e-65

ref|NP_509344.1|  HIStone family member (his-71) [Caenorhabdit...   249    5e-65 


 HYPERLINK "http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=search&term=17567723%5BPUID%5D&RID=BG5GY27001S&log$=genetop&blast_rank=75" 
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ref|XP_912966.1|  PREDICTED: hypothetical protein isoform 2 [M...   249    6e-65 


dbj|BAG35628.1|  unnamed protein product [Homo sapiens]             249    6e-65 


gb|ACM09185.1|  Histone H3.3 [Salmo salar]                          249    7e-65

gb|ABO26658.1|  histone H3 [Haliotis discus discus] >gb|ACI301...   249    7e-65

ref|XP_001677191.1|  Hypothetical protein CBG16863 [Caenorhabd...   249    7e-65 


ref|XP_853903.1|  PREDICTED: similar to histone 1, H2ai (predi...   249    8e-65 


 HYPERLINK "http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=search&term=74004201%5BPUID%5D&RID=BG5GY27001S&log$=genetop&blast_rank=81" 
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ref|NP_001127304.1|  H3 histone, family 3B (H3.3B) [Pongo abel...   249    8e-65 


dbj|BAF83791.1|  unnamed protein product [Homo sapiens]             249    8e-65 


gb|ACO08041.1|  Histone H3.3 [Oncorhynchus mykiss]                  249    9e-65

gb|ACH44317.1|  putative H3 histone family 3A [Taeniopygia gut...   249    9e-65 


ref|XP_791401.1|  PREDICTED: similar to H3.3 histone [Strongyl...   248    9e-65 


gb|EEQ32018.1|  histone H3 [Microsporum canis CBS 113480]           248    1e-64

gb|ACO08061.1|  Histone H3.3 [Oncorhynchus mykiss]                  248    1e-64

gb|AAH21768.1|  H3 histone, family 3B [Mus musculus]                248    1e-64 


gb|AAX19362.1|  replacement histone H3.3 [Venerupis (Ruditapes...   248    1e-64

ref|NP_499608.1|  HIStone family member (his-72) [Caenorhabdit...   248    1e-64 


 HYPERLINK "http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=search&term=17556046%5BPUID%5D&RID=BG5GY27001S&log$=genetop&blast_rank=91" 
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dbj|BAE31789.1|  unnamed protein product [Mus musculus] >dbj|B...   248    1e-64 


gb|AAX19361.1|  replacement histone H3.3 [Venerupis (Ruditapes...   248    1e-64

ref|XP_001105140.1|  PREDICTED: similar to H3 histone, family ...   248    1e-64 


 HYPERLINK "http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=search&term=109048631%5BPUID%5D&RID=BG5GY27001S&log$=genetop&blast_rank=94" 
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ref|XP_002131754.1|  PREDICTED: similar to Histone H3.3B CG898...   248    1e-64 


 HYPERLINK "http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=search&term=198433034%5BPUID%5D&RID=BG5GY27001S&log$=genetop&blast_rank=95" 
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ref|XP_001632617.1|  predicted protein [Nematostella vectensis...   248    1e-64 


 HYPERLINK "http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=search&term=156382552%5BPUID%5D&RID=BG5GY27001S&log$=genetop&blast_rank=96" 
[image: image60.png]




gb|ACH46262.1|  putative H3 histone family 3B variant 1 [Taeni...   248    1e-64 


ref|XP_545397.2|  PREDICTED: similar to histone 1, H2ai (predi...   248    1e-64 


 HYPERLINK "http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=search&term=74004208%5BPUID%5D&RID=BG5GY27001S&log$=genetop&blast_rank=98" 
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ref|XP_001109042.1|  PREDICTED: similar to H3 histone, family ...   248    1e-64 


 HYPERLINK "http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=search&term=109109099%5BPUID%5D&RID=BG5GY27001S&log$=genetop&blast_rank=99" 
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ref|XP_001865500.1|  histone H3.3 type 2 [Culex quinquefasciat...   248    1e-64 


 HYPERLINK "http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=search&term=170059756%5BPUID%5D&RID=BG5GY27001S&log$=genetop&blast_rank=100" 
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