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ABSTRACT OF THE DISSERTATION 

 

Analysis of Drosophila melanogaster snRNA activating protein complex binding to 

the U1 gene promoter 

 

by 

Hsien-Tsung Lai 

 

Doctor of Philosophy in Biology 

University of California, San Diego, 2007 

San Diego State University, 2007 

 

Professor William E. Stumph, Chair 

 

In animals, the U1, U2, U4 and U5 small nuclear RNA (snRNA) genes are 

transcribed by RNA polymerase (RNAP) II, but U6 snRNA genes are transcribed by 

RNAP III. Transcription of both classes of genes is dependent upon a 21 base pair (bp) 

sequence termed the PSEA located ~40-60bp upstream of the transcription start site. 

Other promoter elements consist of a TATA box (in U6) and a PSEB (in U1-U5).  

The PSEAs of both classes of Drosophila snRNA genes are recognized by the 

same transcription factor, DmSNAPc (Drosophila melanogaster snRNA activating 

protein complex), which comprises three distinct subunits (DmSNAP43, DmSNAP50 

and DmSNAP190). A striking previous finding was that the DmSNAP43 subunit 

cross-links to DNA more than 20 bp downstream of the U1 PSEA (a region that 



 

xiv 

includes the PSEB). These findings raise the question of whether the PSEB 

contributes to the cross-linking pattern downstream of the U1 PSEA. To investigate 

this, the photo-cross-linking patterns from wild type or mutant PSEB probes were 

compared. Both sets of probes produced a similar, although not identical, photo-cross-

linking pattern. These results indicate that the PSEA itself can bring DmSNAP43 into 

close proximity to the downstream DNA regardless of the PSEB sequence.  

A second part of this study focused on the stoichiometry of the subunits of 

DmSNAPc bound to DNA. To investigate this, identical subunits were tagged with 

different epitopes and co-expressed in Drosophila S2 cells with each other and the 

other two subunits. Following purification of the tagged DmSNAPc the presence of 

differently tagged subunits in DmSNAPc bound to DNA was investigated by band-

shift and super-shift assays. The results indicate that each of the subunits is present in 

only a single copy in DmSNAPc bound to DNA. 

A third part of this study focused on the N- and C-terminal orientation of the 

largest subunit, DmSNAP190, when bound to the U1 promoter. By combining the 

photo-cross-linking assay with chemical digestion of the protein, I have been able to 

demonstrate that the N-terminal half of DmSNAP190 contacts the 3’ end of PSEA and 

most likely the C-terminal half contacts the 5’ end of the PSEA. 



 

 1    

GENERAL INTRODUCTION 
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Characteristic features of U-snRNAs 

The small nuclear RNAs (snRNAs) are a metabolically stable class of RNA 

molecules in eukaryotic nuclei. “U” snRNAs were named according to their being rich 

in uridylic acid and different from messenger RNA (mRNA) or ribosomal RNA 

(rRNA) or transfer RNA (tRNA). As more snRNAs were discovered, though, some of 

these were not found to contain a high proportion of uridylic acid. The important 

function of the U-snRNAs is reflected by the fact that the predicted secondary 

structures among homologous U-snRNAs from distant species are virtually identical 

(1). 

Function of the spliceosomal snRNAs 

There are five snRNAs U1, U2, U4, U5 and U6 involved in splicing the 

precursors of mRNAs (2-4). In vivo, one U-snRNA is usually associated with 6-10 

polypeptides and comprises a small nuclear ribonucleoprotein particle (snRNP) (1,5-

7). The U4, U5, and U6 snRNPs interact to form a single particle called the U4-U5-U6 

tri-snRNP complex (8,9). 

Role of the U1-U6 snRNAs in spliceosome assembly and catalysis 

Spliceosome formation begins when U1 snRNP recognizes and binds 

specifically to the 5' splice site of a mRNA precursor, via the 5' terminal sequence of 

U1 snRNA which is  complementary to the 5' splice site of intron-exon junctions. This 

is followed by the specific binding of the U2 snRNP to the branch site, which also 

involves specific base pairing that "bulges out" the branch point adenosine (10,11). 

After U1 and U2 snRNPs bind to the pre-mRNA, the U4-U5-U6 tri-snRNP joins the 

complex. The U5 snRNA initially binds to a conserved exon sequence adjacent to the 
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5' splice site (12). Following an ATP-dependent conformational change, the active site 

is formed that allows catalysis. 

The first step in catalysis involves the nucleophilic substitution at the 5' splice 

junction by the 2'-hydroxyl group of the branch point adenosine. The resulting 

products are the lariat intermediate and the free 5' exon. During this process, the U5 

snRNA shifts and makes a stronger link to the 5' exon. At the same time, pairing 

between U1 snRNA and the intron sequence weakens. Then U6 snRNA takes the 

place of U1 in binding to these sequences (9). The U6 snRNA base pairs to the 5' 

splice site (13,14). The U1 and U4 snRNPs then leave the spliceosome.  

The second step of catalysis involves the nucleophilic substitution at the 3' 

splice junction by the 3' OH group of the newly freed 5' exon. Here, U5 retains its 

contact with the free 5' exon and also establishes a new contact with a 3' exon 

sequence immediately downstream from the 3' splice junction (15). The precise 

mechanisms of the catalysis remain unknown and are the subject of extensive 

investigation. 

Structure and expression of genes coding for the snRNAs 

In Drosophila melanogaster, there are several copies of each of the snRNA 

genes (16). More specially, there are 5 copies of true U1 snRNA genes, 5 copies of U2 

snRNA genes, 4 copies of U4 snRNA genes, 7 copies of U5 snRNA genes and 3 

copies of U6 snRNA genes in D. melanogaster (17). In humans, there are about 30 

copies per haploid genome of true U1 snRNA genes, and ~10 copies of the U2 genes 

(18-21). There are 5 copies of U5 genes (22). There are 9 full-length U6 loci in the 

human genome, five of them being true genes (23). 
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The snRNA genes represent a unique class of transcription units 

 Interestingly, the U1-U5 snRNAs are synthesized by RNAP II, but U6 is 

synthesized by RNAP III (24-26). Furthermore snRNA genes in higher plants and 

animals have promoter structures and cis-acting elements that functionally distinguish 

them from classical RNAP II or RNAP III transcription units. 

Fig. G.1 summarizes work on a variety of higher eukaryotes and shows 

regulatory elements identified in the basal promoter regions of snRNA genes 

transcribed by either RNAP II or RNAP III. A promoter element (designated PSE, 

PSEA or USE in Fig. G.1) is located approximately 40 to 75 bp upstream of the start 

site and is essential for the initiation of snRNA gene transcription (24,27-30). 

Besides the PSE, many snRNA genes contain a second promoter element 

located approximately 25-30 bp upstream of the transcription start site. An exception 

is that vertebrate RNAP II-transcribed snRNA genes lack any well-conserved element 

in this region (Fig. G.1). In contrast, vertebrate U6 genes, transcribed by RNAP III, 

contain a conserved TATA box. Mutation of the U6 TATA box to an unrelated 

sequence changed the promoter specificity from RNAP III to RNAP II (31,32). 

Conversely, the introduction of a TATA sequence into the U1 or U2 promoters altered 

their specificity to RNAP III (31,32). These findings led to the idea that the TATA box 

acts as a dominant element in determining the RNAP III specificity of vertebrate U6 

promoters (33).  
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Figure G.1. Schematic representation of cis-acting elements in the 5’-flanking DNA of 

a variety of snRNA genes. All the snRNA genes shown contain an essential element 

upstream of position -40. Most snRNA genes also contain a regulatory element near 

position -30 or -25, which probably represents a site of interaction with TBP or a TBP-

related factor. 

 

In plants, both classes of snRNA genes contain a TATA box. In this case, 

polymerase specificity is determined by a 10 bp difference in spacing between the 

TATA box and the USE (32-36 bp spacing for RNAP II versus 23-26 bp for RNAP 

III, Fig. G.1) (34,35). In vertebrates and plants (as well as sea urchins), the PSE (or 

USE) was found to be functionally interchangeable among the U1, U2, and U6 genes 

(32,34-37). The conclusion from those studies was that the PSE or USE itself does not 

contribute directly to RNA polymerase specificity in those organisms. There are little 

or no mechanistic data about how RNA polymerase specificity is determined by the 

presence vs. absence of a TATA box in vertebrate snRNA gene promoters, or by the 

difference in spacing between the USE and TATA box in plants. 
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In the fruit fly and other insects, the promoter elements of the various snRNA 

genes are more conserved with regard to both sequence and location than generally 

observed in other organisms (Fig. G.2) (17). All known D. melanogaster snRNA 

genes contain a 21 bp PSEA that is well conserved in sequence (38-40). All D. 

melanogaster snRNA genes transcribed by RNAP II also contain a well-conserved 8 

bp PSEB that is necessary for efficient initiation of transcription (28). A separation of 

8 bp is strictly conserved between the PSEA and PSEB in RNAP II-transcribed 

snRNA genes and 12 bp between the PSEA and TATA box of U6 gene promoters 

(17,27,38,39).  

 

 

Figure G.2. Conserved structure of Drosophila snRNA gene promoters transcribed by 

RNA polymerase II and RNA polymerase III. The wild type U1 and U6 PSEA 

sequences used in our studies differ at only 5 of 21 positions (bold and underlined). 

The PSEB and TATA box differ at 5 of 8 positions. 

 

 

The PSEA is a dominant element for determining the RNA polymerase specificity 

of D. melanogaster snRNA gene promoters 

 The results of in vitro transcription experiments using mix-and-match 

templates that contained all possible combinations of U1 or U6 PSEA, 8 or 12 bp 
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spacing, and PSEB or TATA box has been previously reported by our lab (39). The 

U1 and U6 PSEAs differed at only the five nucleotide positions shown in Fig. G.2. 

Constructs that contained the U1 PSEA were transcribed by RNAP II, and those that 

contained the U6 PSEA were transcribed by RNAP III. The PSEB and TATA 

elements, as well as the 8 vs. 12 bp spacing, affected transcription efficiency but did 

not directly affect the choice of RNA polymerase in vitro (39). 

 Analogous in vivo experiments were carried out with reporter constructs that 

contained U1 and U6 promoters with “swapped” PSEAs (41). Substitution of the U6 

PSEA into the U1 promoter, or substitution of the U1 PSEA into the U6 promoter 

suppressed transcription in vivo. The results clearly indicated that the U1 PSEA cannot 

function for RNAP III transcription and the U6 PSEA cannot function for RNAP II 

transcription, even through they differ at only 5 of 21 nucleotide positions. 

Characterization of the Drosophila PSEA-binding Protein 

The PSE-binding protein (PBP) was first identified in the human system in 

HeLa cell extracts (42). It was further characterized and variously termed proximal 

transcription factor (PTF) (43,44) or snRNA activating protein complex (SNAPc) 

(45,46), which has become the most popular name for the factor. SNAPc/PTF was 

capable of activating both RNAP II and RNAP III transcription from snRNA 

promoters (42,44,47-49). The human protein contains integral polypeptide subunits 

with apparent molecular weights of approximately 19, 43, 45, 50, and 190 kDa. The 

genes for each have been cloned (44,46-48,50-52). These proteins, and the genes that 

encode them, are termed SNAP19, SNAP43, SNAP45, SNAP50, and SNAP190.  



8 

 

The Drosophila melanogaster PSEA-binding protein (DmPBP, more recently 

re-termed DmSNAPc) has been characterized in our lab (26,53-55). DmSNAPc 

(DmPBP) binds to the U1 and U6 PSEAs and can activate transcription of the 

Drosophila U1 and U6 snRNA genes in vitro (26). Our lab also showed that 

DmSNAPc contains three distinct polypeptides: DmPBP45, DmPBP49, and 

DmPBP95, designations based upon their apparent molecular weights on SDS PAGE 

(55). These three subunits were originally identified by site-specific protein-DNA 

photo-cross-linking (55). The cloning and characterization of the genes for the three 

subunits of DmSNAPc has also been carried out in our lab (54). These three genes 

encode proteins with similarity to the SNAP43, SNAP50, and SNAP190 subunits of 

human SNAPc (54). Therefore, we named these the DmSNAP43, DmSNAP50 and 

DmSNAP190 genes and now refer to the encoded proteins by the same names (i.e., 

DmSNAP43=DmPBP45, DmSNAP50= DmPBP49 and DmSNAP190= DmPBP95).  

The photo-cross-linking assay also gave us important information about how 

the protein complex is situated on the DNA (Fig. G.3), when the DNA is oriented as 

shown in Fig. G.3A. DmSNAP43 interacts primarily with the “upper” face of the 

DNA helix. DmSNAP50 approaches the “front” surface of the DNA. DmSNAP190 

interacts with the front face of the helix in the 5’ half of the PSEA, but interacts with 

the lower surface of the DNA toward the 3’ end of the PSEA. 
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Figure G.3. (A) Summary of the photo-cross-linking results from Wang and Stumph 

(1998) and Li et al. (2004). Colored spheres and colored backbone (blue, green and 

yellow for DmSNAP43, DmSNAP50 and DmSNAP190 respectively) indicate 

positions of significant cross-linking of DmSNAP subunits to the DNA, where the 

positions are relative to the rectangles shown at the top of the figure. Red spheres 

indicate the positions of very strongest cross-linking. (B) Schematic model for the 

differential interaction of DmSNAPc with U1 and U6 PSEAs. The U1 and U6 PSEAs 

are bent similarly toward the face of the helix that contacts DmSNAP43. The different 

DNA sequences are believed to act as differential allosteric effectors of the 

conformation of DmSNAPc. 
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Finally, it is important to note that the cross-linking pattern of the DmSNAPs 

to the U1 PSEA and U6 PSEA was different (Fig. G.3A). The smallest subunit, 

DmSNAP43 displayed profoundly different cross-linking patterns when DmSNAPc 

bound to U1 vs. U6 PSEAs. On a U1 PSEA, DmSNAP43 cross-links to phosphate 

positions between 16 and 40, but on a U6 PSEA it cross-links to phosphate positions 

between 11 and 25. DmSNAP50 also exhibited significant differences in its cross-

linking pattern to U1 and U6 PSEAs (Fig. G.3A)  

Overall, the results of the photo-cross-linking assay indicate that the 

conformation of the protein-DNA complex is different when DmSNAPc binds to a U1 

PSEA vs. a U6 PSEA. Previous results from our lab indicated that the U1 and U6 

PSEAs are both bent by a similar degree toward the face of the DNA contacted by the 

DmSNAP43 subunits (56). We therefore believe that the conformational differences 

observed in the U1 and U6 DNA-DmSNAP complexes exist primarily at the level of 

the protein. A schematic arrangement of the DmSNAPc-PSEA complex is shown in 

Fig. G.3B. 

Subject matter of this dissertation 

 The wild type D. melanogaster U1 and U6 promoters each contain a 

(functionally distinct) PSEA, and each contains a dissimilar element downstream of 

the PSEA, either a PSEB (U1) or a TATA box (U6). It is interesting that DmSNAP43 

cross-links to nucleotides up to 20 bp downstream of the PSEA when DmSNAPc is 

bound to a U1 PSEA (Fig. G.3). Interestingly, these strong cross-links occur within 

and near to the PSEB. However, substitution of the U6 PSEA for the U1 PSEA 

abrogated these downstream cross-links (54). Those findings raise the distinct 
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possibility that the PSEB cooperates with the U1 PSEA (but not with the U6 PSEA) to 

permit strong cross-linking of DmSNAP43 to the PSEB and nearby nucleotides.  

In work described in Chapter 1, I carried out photo-cross-linking with probes 

that contain a mutant PSEB downstream of the U1 PSEA. The PSEB mutation was 

one previously found to reduce U1 in vitro transcription more than 8-fold (28). There 

were two alternative results possible. First, the mutant probe could have a pattern of 

cross-linking identical to that seen with the wild type probe (compare Fig. G.4A and 

4B). This would indicate that the U1 PSEA by itself is capable of bringing 

DmSNAP43 into close proximity to the downstream DNA, regardless of the PSEB 

sequence. (The U6 PSEA does not possess this ability). The alternative result is that 

the downstream cross-linking could be absent or different as a result of mutating the 

PSEB (compare Fig. G.4C and 4A). This result would indicate that the sequence of the 

PSEB is important for DmSNAP43 cross-linking. Furthermore, it would suggest that 

DmSNAP43 has some sequence specificity for DNA binding, and this would possibly 

explain why the PSEB sequence is conserved in fly snRNA gene promoters 

transcribed by RNAP II.  
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Figure G.4. Illustration of alternative DmSNAP43 binding to wild type or mutant U1 

promoter. A: Binding of DmSNAPc to the wild type U1 promoter. B & C: Alternative 

binding models of DmSNAPc on the U1 promoter that contains a mutant PSEB  

 

My work demonstrates that mutation of the PSEB does not abolish the cross-

linking of DmSNAP43 to the PSEB. Thus the U1 PSEA alone is capable of bringing 

DmSNAP43 into close contact with this downstream DNA.  However, mutation of the 

PSEB perturbed the cross-linking pattern.  In concordance with these findings, PSEB 

mutations resulted in a 2 to 4-fold reduction in U1 promoter activity when assayed by 

transient transfection. 

Although the preceding illustrations are drawn to suggest that there is only a 

single copy of each subunit in DmSNAP bound to DNA, there has been no 

information that directly addresses the stoichiometry of the subunits in DmSNAPc. 

For example, it is possible that one or more of the subunits could be present in two or 

more copies. To address this question, in Chapter 2 I co-expressed differently tagged 
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versions of the same subunit within the same cells: following purification of the 

differently tagged complexes, I employed electrophoretic mobility shift and super-

shift assays. From these results I was able to deduce that each of the subunits is 

present in only one copy when DmSNAPc is bound to DNA. 

In Chapter 3, I developed a new methodology in which I combined site-

specific protein-DNA photo-cross-linking with chemical digestion of N- and C-

terminally tagged DmSNAP190. Results reveal that the N-terminal half of 

DmSNAP190 contacts the 3’ end of the PSE and suggest that the C-terminal half of 

DmSNAP190 contacts the 5’ end of the PSE. This orients the N-terminal half of 

DmSNAP190 toward the transcription start site and the C-terminal half toward the 

upstream DNA. 
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ABSTRACT 

The small nuclear RNA activating protein complex (SNAPc) in eukaryotes is a 

multi-subunit transcription factor required for the expression of small nuclear RNA 

genes. This protein binds as a complex to an essential promoter element known as the 

PSE that is located approximately 40-65 base pairs upstream of the transcription start 

site. Definitive studies to examine the stoichiometry of the subunits of metazoan 

SNAPc free of DNA are lacking. More importantly, the stoichiometry of the 

polypeptide subunits in the protein complexed with DNA has not been examined.  In 

the fruit fly Drosophila melanogaster, DmSNAPc contains three distinct polypeptide 

subunits: DmSNAP190, DmSNAP50, and DmSNAP43. To investigate the 

stoichiometry of these polypeptides, identical subunits were tagged with different 

epitopes and co-expressed in D. melanogaster S2 cells with each other and with the 

other two subunits. The ability of differently tagged but otherwise identical subunits to 

associate with each other into the same protein-DNA complex was assayed by band-

shift and super-shift assays. The results strongly support the concept that there is only 

a single copy of each of the three DmSNAP subunits in DmSNAPc bound to DNA. 
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INTRODUCTION 

 The snRNAs known as U1, U2, U4, U5, and U6 comprise a highly abundant 

class of metabolically stable non-polyadenylated RNA molecules that are required for 

pre-mRNA splicing (1,2). These snRNAs are synthesized by RNAP II, with the 

exception of U6, which is synthesized by RNAP III (3). The snRNA genes in 

metazoans have promoter structures that functionally distinguish them from classical 

RNA polymerase II (Pol II) or RNA polymerase III (Pol III) transcription units (3-7).  

In animals, a unique cis-acting element termed the Proximal Sequence Element (PSE) 

is located approximately 40-65 base pairs (bp) upstream of the transcription start site 

and is essential for basal transcription of snRNA genes by either Pol II or Pol III (8). 

In insects, this element is termed the PSEA to distinguish it from the PSEB, which is a 

less-conserved non-essential promoter sequence located approximately 25-30 bp 

upstream of the transcription start site of the Pol II-transcribed insect snRNA genes 

(4,9,10). Although the Pol III-transcribed U6 snRNA genes contain canonical TATA 

boxes, the Pol II-transcribed snRNA genes lack TATA boxes (5,11). 

The protein that recognizes the PSE (or PSEA) in animals has been 

characterized in the human and fruit fly systems. It is most commonly called the small 

nuclear RNA activating protein complex (SNAPc) (8,12), but it has also been termed 

PSE Binding Protein (PBP) (13,14) and Proximal Transcription Factor (PTF) (15,16). 

In humans, SNAPc is a complex that contains 5 distinct subunits known as SNAP190, 

SNAP50, SNAP45, SNAP43, and SNAP19 (12,17-22). Orthologs of three of these 

subunits (DmSNAP190, DmSNAP50, and DmSNAP43) were found to be integral 
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components of the Drosophila melanogaster PSEA-binding protein, DmSNAPc 

(formerly called DmPBP) (23). Interestingly, a highly divergent yet homologous 

complex of three polypeptides is required for Pol II transcription of the Spliced Leader 

RNA (SL RNA) in trypanosomes. This suggests that a SNAP-like complex originated 

very early in eukaryotic evolution and continues to play a role in the transcription of 

essential small nuclear RNAs in present-day eukaryotes.  

Although it has often been presumed that there is one copy of each of the 

protein subunits in SNAPc, there is little information that directly and precisely 

addresses the stoichiometry of the subunits in the complex, particularly when SNAPc 

is complexed to DNA.   In the fruit fly, several pieces of data raise the possibility that 

one or more of the subunits could be present in more than one copy in DmSNAPc. For 

example, even though the three subunits individually add up to a molecular mass of 

only 169 kDa, gel exclusion chromatography indicated that DmSNAPc eluted at a 

position corresponding to an apparent molecular mass of 375 kDa (24), which is 

sufficient for two copies of each subunit. Moreover, DmSNAP190 contains 4.5 Myb 

repeats that have sequence similarity to the DNA binding domain of c-Myb (21,23), 

and some Myb domain proteins, although not most, bind to DNA as dimers (25-27).  

Furthermore, photo-cross-linking data indicate that DmSNAP190 can be cross-linked 

to a region of DNA extending over at least 27 bp (28). This represents an unusually 

long region of DNA to be contacted by a single subunit of a DNA-binding protein. 

Similarly, DmSNAP43 can be cross-linked to a 25 bp stretch of DNA when 

DmSNAPc binds to a U1 PSEA (23). We therefore used variously tagged proteins in 

electrophoretic mobility shift and super-shift assays to examine the number of copies 
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of the DmSNAP190, DmSNAP50, and DmSNAP43 subunits in the SNAP complex 

bound to DNA. 

 

MATERIALS AND METHODS 

Source of DmSNAPs 

Constructs that code for DmSNAP43, DmSNAP50 and DmSNAP190 cloned 

into the inducible Drosophila expression vector, pMT/V5-His-TOPO, a component of 

the Drosophila Expression System from Invitrogen, have been previously described 

(23). These include constructs that provide termination at the natural stop codon of the 

protein or that have the stop codon altered so that the V5 and 6His tags provided by 

the vector are included at the C terminus. Constructs that contain the FLAG-Myc-His 

tags were prepared by first removing the V5 epitope by digesting the appropriate 

constructs described above with BstBI and MluI. A double-stranded synthetic 

oligonucleotide coding for the FLAG and Myc epitopes was then cloned between 

these sites. The vectors provide copper-inducible gene expression under the control of 

the metallothionein promoter. Drosophila S2 cells were co-transfected with a 

combination of four plasmids (e.g., see Figs. 1A, 2A, and 3A) as well as a plasmid 

(pCoBlast, Invitrogen) to provide resistance to the antibiotic blasticidin. Following 

selection for 3-4 weeks, stably transfected cells were induced for 24 hr with copper 

sulfate and lysed in CelLytic M Reagent (Sigma). The tagged DmSNAPc was then 

partially purified by Ni column affinity chromatography, dialyzed against BCZ-100 

(20 mM HEPES, 5 mM MgCl2, 10 M ZnCl2, 200 M EDTA, 100 mM KCl, 3 mM 
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DTT, 0.5 mM PMSF, 20% [by volume] glycerol), and concentrated approximately 10-

fold by centrifugation in an Centricon-30 centrifugal filtration device (Millipore) to a 

suitable concentration for electrophoretic mobility shift analysis (EMSA).  The full 

sequences of the tagged and untagged DmSNAP subunits are shown in Appendix A. 

DNA probe for EMSA analysis 

The radiolabeled probe used for the experiments reported in this paper 

contained the PSEA and PSEB sequences of the D. melanogaster U1:95Ca gene 

[previously called the U1 95.1 gene (4)]. It was prepared to have a covalently closed 

“dumbbell structure” to make is resistant to low levels of exonucleases still present in 

the nickel column fractions (4,29). The following two complementary 59-base-long 

oligonucleotides were each radiolabeled with [ -
32

P] ATP and T4 polynucleotide 

kinase: 5'-TTGCAATTCCCAACTGGTTTTAGCTGCTCAGCCATGGAAACCTGG 

CTACTTTCTAGCCA-3' and 3'-GCTTGGCTTTCCCAAGCAACGTTAAGGGTTG 

ACCAAAATC GACGAGTCGGTACCTTTGG- 5'. They were annealed in equimolar 

quantities and ligated with T4 DNA ligase; the closed circular oligonucleotide was 

then purified by gel electrophoresis (4). 

EMSA reaction conditions 

Protein-DNA or antibody-protein-DNA complexes were formed in a 12 μl 

reaction volume in a final buffer composition of BCZ-100. Samples also contained 1 

g of poly (dI-dC) • poly (dI-dC). Reaction mixtures were incubated at room 

temperature for 30 min prior to gel electrophoresis. When antibodies were included, 

they were added half way through the incubation period. The monoclonal antibodies 
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used were the following: Anti-V5 (Invitrogen cat. # 46-0705); Anti-FLAG (Sigma M2 

cat. # F1804); and anti-Myc (Sigma M4439).  Samples were electrophoresed in 5% 

(29:1 acrylamide/bisacrylamide ratio) native gels in a running buffer consisting of 

0.025 M Tris, 0.19 M Glycine, 1 mM EDTA (pH 8.3).  

 

RESULTS 

Stoichiometry of DmSNAP190 in DmSNAPc bound to DNA 

To investigate the stoichiometry of the subunits of DmSNAPc, various 

constructs were prepared as described in Materials and Methods and co-over-

expressed in homologous Drosophila S2 cells from the copper-inducible 

metallothionein promoter. To investigate the stoichiometry of the DmSNAP190 

subunit, S2 cells were simultaneously co-transfected with the four constructs shown in 

Fig. 2.1A, together with the plasmid pCoBlast to permit the selection of stably 

transfected cells using the antibiotic blasticidin. Following selection and copper sulfate 

induction, cells were lysed, and protein extracts were applied to nickel columns to 

purify DmSNAPc via the 6His tags at the carboxyl termini of the DmSNAP190 

subunits.  
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Figure 2.1. Stoichiometry of DmSNAP190 in DmSNAPc. (A) Schematic 

representation of co-expressed DmSNAPc subunits. (B) Electrophoretic mobility shift 

analysis of nickel column purified cell extract from cell line co-expressing differently 

tagged DmSNAP subunits illustrated in (A). Reactions shown in lane 2 to 4 and 6 to 9 

contained added antibodies as indicated above each lane. 



36 

 

The cells co-expressed two differently tagged forms of DmSNAP190. One 

form had tandem FLAG and Myc tags preceding the 6His tag, whereas the other form 

contained a V5 tag preceding the 6His tag (Fig. 2.1A). Western blots indicated that 

both tagged forms of DmSNAP190 as well as the other two untagged DmSNAPs co-

eluted from the nickel column in the same elution fractions (data not shown). The 

tagged DmSNAPc thus obtained was employed for electrophoretic mobility shift and 

super-shift analysis with a radiolabeled DNA fragment that contained the PSEA and 

PSEB of the D. melanogaster U1:95Ca gene. To super-shift the complexes, 

monoclonal antibodies against the V5, Myc, and FLAG epitopes were used separately 

or in various combinations. 

Fig. 2.1B shows the results of such an analysis to examine the stoichiometry of 

DmSNAP190 using nickel column purified extracts obtained from cells that were co-

expressing the four constructs shown in Fig. 2.1A.  Fig. 2.1B lanes 1 and 5 show the 

position of the shifted band that results from DmSNAPc alone binding to the DNA 

fragment. Addition of either Myc antibody (lane 2) or V5 antibody (lane 4) resulted in 

the appearance of a super-shifted band, but in both cases a portion of the labeled 

fragment remained at the original band shift position. However, when both Myc and 

V5 antibodies were added to the same reaction, all of the protein-DNA complex was 

super-shifted and appeared at the same position (lane 3). This indicates that all of the 

DmSNAPc activity in the nickel column fraction as expected contains either a Myc or 

V5 tag.  

The results shown in Fig. 2.1B are representative of the pattern expected if 

there is only one copy of DmSNAP190 (that has either a Myc tag or a V5 tag) in the 
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DmSNAPc-DNA complex. The observed pattern is not consistent with there being 

two or more DmSNAP190 subunits present in the complex. For example, if there were 

two DmSNAP190 subunits in DmSNAPc, it becomes necessary to hypothesize that 

the band labeled “antibody super-shift” is due to the binding of two antibodies to the 

complex. But if there were two copies of DmSNAP190, “heterodimers” of Myc- and 

V5-tagged DmSNAP190 should exist in some of the DmSNAPc-DNA complexes, and 

in lanes 2 and 4 these would be expected to migrate to a position intermediate between 

the two observed bands. No evidence appears for the existence of such complexes. 

Lanes 6-9 in Fig. 2.1B show results from similar protein-DNA incubations 

except that in these lanes antibodies against the FLAG epitope were also included. As 

shown in Fig. 2.1A, the FLAG epitope is present on the same polypeptide as the Myc 

epitope. As expected, FLAG antibody alone gave the same pattern as the Myc 

antibody alone (compare lanes 6 and 2). Likewise, the FLAG antibody and the V5 

antibody together gave the same result as the Myc and V5 antibodies together 

(compare lanes 9 and 3). However, the FLAG antibody and the Myc antibody when 

added together (lane 7) caused a further super-shift resulting from the binding of both 

FLAG antibody and Myc antibody to FLAG/Myc-tagged DmSNAP190 present in the 

DmSNAPc-DNA complex. This clearly demonstrates that more than one antibody can 

bind to provide a double super-shift. Further addition of the V5 antibody (lane 8) 

super-shifted the lower band observed in lane 7 (which contained only V5-tagged 

DmSNAP190); in contrast, the V5 antibody had no effect on the double super-shifted 

band that resulted from the binding of the FLAG and Myc antibodies. These 

experiments thus provide no evidence for the presence of more than one DmSNAP190 
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subunit in DmSNAPc and concurrently strongly support the concept that there is only 

one DmSNAP190 subunit in the protein-DNA complex.  

Stoichiometry of DmSNAP50 in DmSNAPc bound to DNA 

 To investigate whether DmSNAP50 is present in one or more than one copy in 

DmSNAPc, the constructs shown in Fig. 2.2A were co-expressed in stably-transfected 

Drosophila S2 cells. Following partial purification by nickel affinity chromatography, 

the tagged DmSNAPc was used for electrophoretic mobility shift and super-shift 

analysis (Fig. 2.2B). Only the upper part of the gel that shows the protein-retarded 

bands is shown in Fig. 2.2.  

 Addition of Myc antibody by itself super-shifted the majority, but not all, of 

the DmSNAPc-DNA complex (compare lane 2 with lane 1). Reciprocally, inclusion of 

V5 antibody alone super-shifted a minority of the complex (lane 4). This result 

indicates this cell line expresses more of the Myc-tagged DmSNAP50 than of the V5-

tagged DmSNAP50. When both Myc and V5 antibodies were included in the 

incubation prior to loading onto the gel, the entire signal from the DmSNAPc-DNA 

complex was super-shifted (lane 3). These results paralleled those obtained with the 

tagged DmSNAP190 protein shown in Fig. 2.1B above. Due to the expression ratio of 

the differently tagged forms of DmSNAP50, most of the V5-tagged subunits should 

exist in “hetero” complexes with Myc-tagged DmSNAP50 if there were more than one 

copy of DmSNAP50 in DmSNAPc bound to DNA. However, there was no evidence 

for the existence of such “hetero” complexes with intermediate mobilities.  
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Figure 2.2. Stoichiometry of DmSNAP50 in DmSNAPc. (A) Schematic representation 

of co-expressed DmSNAPc subunits. (B) Electrophoretic mobility shift analysis of 

nickel column purified cell extract from cell line co-expressing differently tagged 

DmSNAP subunits illustrated in (A). Reactions shown in lane 2 to 4 and 6 to 9 

contained added antibodies as indicated above each lane. 
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 Addition of FLAG antibody to the reaction (Fig. 2.1B, lanes 6-9) further 

retarded the mobility of protein-DNA complexes that contained the Myc epitope but 

had no effect on complexes that contained the V5 epitope. These results are basically 

identical to those obtained for the DmSNAP190 subunit (Fig. 2.1B). Together, these 

results indicate that DmSNAP50, like DmSNAP190, is present in only one copy in 

DmSNAPc complexed with DNA.  

Stoichiometry of DmSNAP43 in DmSNAPc bound to DNA 

 Finally, to investigate the stoichiometry of DmSNAP43 in the DmSNAP 

complex, similar experiments were carried out with differently tagged DmSNAP43 

subunits. Since DmSNAP43 contacts DNA over a 25 bp region in the U1 promoter 

(10,23) but has no obvious DNA binding motif, it seemed possible that DmSNAP43 

could be present in more than one copy. Therefore DmSNAPc was purified from 

stably transfected cells that co-expressed the constructs shown in Fig. 2.3A and was 

used in mobility shift assays (Fig. 2.3B).   

 The pattern of band shifts, super-shifts, and double super-shifts with tagged 

DmSNAP43 was essentially the same as seen above with tagged DmSNAP190 and 

DmSNAP50. The Myc-tagged version of the protein was again expressed better in 

these cells than the V5-tagged version, but bands arising from DmSNAPc carrying the 

V5-tagged version of DmSNAP43 were clearly visible. (Note that the order of lanes 6-

9 with respect to antibody addition is different in Fig. 2.3B compared to Figs. 1B and 

2B.) From these results, we conclude that there is only a single copy of DmSNAP43 in 

DmSNAPc bound to DNA.  
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Figure 2.3. Stoichiometry of DmSNAP43 in DmSNAPc. (A) Schematic representation 

of co-expressed DmSNAPc subunits. (B) Electrophoretic mobility shift analysis of 

nickel column purified cell extract from cell line co-expressing differently tagged 

DmSNAP subunits illustrated in (A). Reactions shown in lane 2 to 4 and 6 to 9 

contained added antibodies as indicated above each lane. 

 

 

DISCUSSION 

Only one copy of each SNAP subunit in the DmSNAPc-DNA complex 

 The stoichiometry of the subunits of SNAPc from Drosophila or other 

organisms had not been systematically investigated prior to this work.  We previously 

found that DmSNAPc fractionated by gel exclusion chromatography with a relative 

molecular mass of ~375 kDa relative to globular protein standards (24); this mass is 

sufficient to accommodate two copies of each subunit. Human SNAPc/PTF possesses 

a relative molecular mass of ~500 kDa by gel exclusion chromatography (16) but 
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~200 kDa by glycerol gradient sedimentation (8,16). The latter is clearly an 

underestimate since there are five different subunits in human SNAPc that individually 

have a combined molecular mass of ~343 kDa (12,17-22).  It was also reported that 

the subunits in purified human PTF were present in similar molar amounts, although 

the ratios of the subunits in immunopreciptated PTF varied 3-fold (19). In the 

unicellular parasite Trypanosoma brucei, the three SNAP subunits have been reported 

to co-purify in approximately stoichiometric amounts (30). In another trypanosome, 

Leptomonas seymouri, the three subunits of SNAPc have a combined molecular mass 

of 139 kDa (31) and by combining the results of gel exclusion chromatography and 

glycerol gradient centrifugation (32) an estimated molecular mass of 122 kDa. Thus, 

these data were very consistent with there being one copy of each subunit in 

trypanosomal SNAPc free in solution. In metazoans, the data were also consistent with 

a single copy of each subunit, but the data also allowed for other possibilities.  

Regardless of the data determined for SNAPc free in solution, a more 

important question was the configuration in which SNAPc binds to DNA. It remained 

an open question whether eukaryotic SNAPc might bind to DNA as a dimer of a 

heteromeric complex. For example, DmSNAPc could potentially bind to DNA as a 

dimer of heterotrimers. The data presented herein essentially rule out that possibility 

and provide direct evidence that there is only one copy of each DmSNAP subunit in 

the protein-DNA complex formed on the PSEA. 

Metazoan SNAPc as an elongated asymmetrical complex 

 Given that there is only one copy of each subunit in DmSNAPc (and by 

inference in human SNAPc), it appears that metazoan SNAPc is a highly asymmetrical 
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complex. This is consistent with the fact that gel exclusion chromatography 

overestimates the molecular mass of SNAPc (16), but glycerol gradient sedimentation 

underestimates the mass of SNAPc (8,16). Moreover, DmSNAPc is in close contact 

with at least 40 bp of DNA when it binds to a U1 gene PSEA (10,23). If DmSNAPc 

were a spherical molecule, it would almost certainly have to significantly wrap/bend 

the DNA to remain in contact with four turns of the DNA helix. However, DmSNAPc 

only modestly bends the U1 PSEA (at an angle certainly less than 50
o 

and more likely 

less than 20
o
) based upon circular permutation, mini-circle binding, and ligase-

catalyzed circularization assays (33). Moreover, human SNAPc/PBP was found not to 

bend (14). Thus metazoan SNAPc is very likely an asymmetrical protein complex that 

is elongated along the axis of the DNA.  
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CHAPTER 3 

A new method for localizing sites within a protein 

that cross-link to specific nucleotide positions 

within a DNA recognition sequence: Application to 

determining the orientation of the large subunit of 

DmSNAPc bound to a U1 snRNA gene promoter  
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ABSTRACT 

Transcription of U1-U6 snRNA genes in Drosophila melanogaster is 

dependent upon a multi-subunit transcription factor, DmSNAPc, which recognizes a 

proximal sequence element (PSEA) located approximately 40-60 base pairs upstream 

of the transcription start site. Three distinct subunits (termed DmSNAP190, 

DmSNAP50, and DmSNAP43) are present in DmSNAPc and are orthologous to three 

of the similarly named subunits of human SNAPc.  When DmSNAPc binds to a U1 

gene promoter, the largest subunit, DmSNAP190, contacts DNA over a length of at 

least 25 base pairs. From results presented in Chapter 2, we know that there is only 

one copy of DmSNAP190 present in DmSNAPc bound to the U1 promoter. In this 

chapter, I describe experiments aimed at determining the orientation in which 

DmSNAP190 binds to the U1 PSEA. Toward that end, I have developed a novel 

method to map sub-regions within a protein that cross-link to specific nucleotide 

positions within a DNA recognition sequence. To do that, I combined site-specific 

protein-DNA photo-cross-linking with chemical digestion of N- and C-terminally 

tagged DmSNAP190. My results indicate that the N-terminal half of DmSNAP190 

contacts the 3’ end of the PSEA and suggest that the C-terminal half of DmSNAP190 

contacts the 5’ end of the PSEA. This orients the N-terminal half of DmSNAP190 

toward the transcription start site and the C-terminal half toward the upstream DNA. 
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INTRODUCTION 

The D. melanogaster small nuclear RNA activating protein complex 

(DmSNAPc) binds to a 21 base pair PSEA located about 40-65 base pairs upstream of 

the transcription start site of all D. melanogaster snRNA genes (1-3). It consists of 

three subunits, DmSNAP190, DmSNAP50, and DmSNAP43 that are each present in 

one copy in DmSNAPc. Our lab has previously found, by using site-specific protein-

DNA photo-cross-linking, that the three subunits together are in close proximity to at 

least 40 base pairs of DNA. The largest subunit, DmSNAP190, can be cross-linked to 

an area that extends over at least 25 base pairs of DNA (see Fig. 3 in the General 

Introduction to this dissertation).  

DmSNAP190 is 721 amino acid residues in length (calculated MW = 84 kDa). 

It contains an unusual yet evolutionarily conserved domain between residues 195 and 

436 that consists of 4.5 Myb repeats named Rh, Ra, Rb, Rc, and Rd (Fig. 3.1). 

Canonical Myb domain proteins normally contain three Myb repeats (R1, R2, R3), and 

the second and third repeats are involved in sequence-specific recognition of DNA (4). 

Each of these two repeats forms a helix-turn-helix motif, and the recognition helices of 

each repeat are directly juxtaposed to each other end-to-end while lying in the major 

groove of the DNA (5). Other families of Myb domain proteins contain either two 

repeats (R2, R3) or a single Myb repeat (1R) (6-8). Proteins with a single Myb repeat 

generally bind to DNA as a homodimer (5,7). Authentic Myb proteins binds to 

pyAACNG consensus sequences in DNA, with usually two or, rarely, only one of the 

Myb repeats being sufficient to confer binding (10,13-16). 
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Figure 3.1. Schematic structure of DmSNAP190. The location of the Myb domain 

with the half repeat (Rh) and the four complete repeats (Ra, Rb, Rc, and Rd) is 

indicated. The single hydroxylamine cutting site (N-G) is located between residues 

358-359 in the third complete Myb repeat (Rc). 

 

To our knowledge, DmSNAP190 and its orthologs from other species (9) are 

the only Myb domain proteins that contain 4.5 tandem Myb repeats.  As mentioned 

above, DmSNAP190 can be cross-linked to at least 25 base pairs within and 

downstream of a U1 PSEA sequence.  The consensus D. melanogaster PSEA contains 

a canonical Myb recognition sequence PyAACNG (10,11) near its center extending 

between positions 8-13 (12). Because DmSNAP190 is in close proximity to at least 25 

base pairs of DNA, it would be extremely interesting to understand how the 4.5 Myb 

repeats are situated longitudinally along the axis of the DNA. In other words, 

assuming that all of the Myb repeats are involved in protein-DNA contacts (which 

may not be true), which repeats interact with the 5’ end of the PSEA, and which ones 

interact with the 3’ end of the PSEA?  

Results from our lab indicate that the C-terminal domain of DmSNAP190 

(residues 437-721, Fig. 3.1) is also necessary for DNA binding by DmSNAPc (Mitch 

Titus, submitted). Thus, it is possible that sequences C-terminal to the Myb domain 

may also be involved in contacting DNA. We would like to know if this is true, and if 

so, which part of the PSEA is contacted by this C-terminal domain that lacks Myb 
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repeats? 

To begin to map and localize sites of protein-DNA contact within 

DmSNAP190, I have been developing a new method to localize sites within proteins 

that contact specific nucleotide positions within a DNA recognition sequence. This 

involves a combination of site-specific protein-DNA photo-cross-linking followed by 

chemical protein digestion. Protein fragments that cross-linked to the DNA are then 

identified by gel electrophoresis. This chapter describes initial experiments that 

provide evidence that the N-terminal half of DmSNAP190 interacts with the 3’ end of 

the PSEA and that the C-terminal half interacts with the 5’ end of the PSEA.  

 

MATERIALS AND METHODS 

Source of DmSNAPc containing untagged or N- or C-terminally tagged 

DmSNAP190 

The overexpression of tagged forms of DmSNAPc in homologous S2 cells has 

been described in the previous chapter of this thesis and elsewhere (2). Briefly, stably 

transfected S2 cell lines were prepared that co-over-expressed all three DmSNAP 

subunits from the copper inducible metallothionein promoter. Three cell lines were 

used for the experiments described in this chapter. One cell line produced DmSNAPc 

with DmSNAP190 tagged at the C terminus with FLAG-Myc-6His tags that increased 

the molecular weight of the native DmSNAP190 by 5.658 kDa. A second cell line 

produced DmSNAPc with DmSNAP190 tagged at the N terminus with 6His-FLAG 

tags that increased the molecular weight of the native DmSNAP190 by 3.25 kDa.  The 
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third cell line produced DmSNAPc with untagged DmSNAP190 but with the 

DmSNAP43 subunit carrying FLAG-Myc-6His tags at the C terminus to allow for 

purification of the complex. Detailed descriptions of the various DmSNAP constructs 

and the individual cell lines are provided in Appendices A & B.  

Following induction with copper sulfate, cells were lysed in CelLytic
TM

 M cell 

lysis buffer (Sigma). The tagged DmSNAP proteins were purified by nickel chelate 

affinity chromatography and were dialyzed against BCZ-100 (20mM HEPES, 100mM 

KCl, 5mM MgCl2, 10 M ZnCl2, 200 M EDTA, 3 mM DTT, 0.5mM PMSF, 10% (by 

volume) glycerol). Fractions were concentrated by centrifugation in a Centricon-30 

centrifugal filtration device (Millipore) to a final protein concentration of 

approximately 0.5 to 2 mg/ml if needed. A detailed protocol for the purification and 

preparation of SNAPc fractions for photo-cross-linking is provided in Appendix C.  

Site-specific probe preparation 

Three different probes, each containing photo-cross-linking reagent at a unique 

position, were prepared to study DmSNAP190 interactions with the 5’ end, middle, 

and 3’ end of the U1 PSEA sequence. Phosphate positions 1, 12 and 24 were selected 

based upon strong DmSNAP190 photo-cross-linking signals and minimal interference 

from the cross-linking of other subunits. (Fig. 3.2) 
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Figure 3.2. Photo-cross-linking of DmSNAPc to positions 1-25 of a U1 gene PSEA 

(adopted from Wang et al., 1998 (3)). Phosphate positions selected for photo-cross-

linking in this Chapter are position 1 from the non-template strand, and positions 12 

and 24 from the template strand. Note that these positions all have a strong photo-

cross-linking signal and minimal interference from cross-linking to DmSNAP50 and 

DmSNAP43. Their locations represent the 5’ end, middle, and 3’ end of the PSEA. 
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Probes were prepared as described by Wang and Stumph (3). Briefly, DNA 

oligonucleotides 23-25 bases long were synthesized with phosphorothioate 

incorporated 5’ of the third nucleotide from the 5’ end. The phosphorothioate-

substituted oligonucleotides were derivatized with azidophenacyl bromide and then 

radiolabeled at the 5' end by using [ -
32

P] ATP and T4 polynucleotide kinase. To 

prepare U1 probes with cross-linking reagent in the template strand or non-template 

strands respectively, the 79-mer (template) oligo-nucleotide 3'- 

CGATACTGGTAGTAATGCTTAAGTAAGAATATTAAGGGTTGACCAAAAT

CGCCATGGCGGTACCTTTCCATACCCTAGG -5' and 81-mer (non-template) 

oligonucleotide: and 5'- ACGAATTCATTCTTATAATTCCCAACTGGTTTTAG 

CGGTACCGCCATGGAAAGGTATGGGATCCTCAATACTTCGGCATGCA-3' 

were used. (The letters in bold represent the nucleotides of the PSEB and bold with 

underline represent the U1 PSEA). The oligo sequences are U1UP-1: 5’-

AT*AATTCCC-AACTGGTTTTAGC-3’, U1Low12: 3’-TAAGTAAGAATATTAA 

GGGTTGA*CC-5’ and U1Low24: 3’-TTAAGGGTTGACCAAAATCGCCA*TG-5’ 

respectively (The asterisk symbol represents the replaced phosphate with 

phosphorothioate).  

Site-specific protein-DNA photo-cross-linking 

Photo-cross-linking reactions were carried out as previously described (1-3). 

Briefly, derivatized DNA fragments were incubated with partially purified DmSNAPc. 

After 30 min at 25°C in the dark, reaction mixtures were irradiated with UV light at 

313 nm for 333 seconds followed by DNase I and S1 nuclease digestions. Normally 
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ten individual reactions were performed for each sample; eight reactions were used for 

hydroxylamine digestion and two were kept as untreated controls. 

Hydroxylamine protein digestion. 

 Following the photo-cross-linking, samples were incubated in 1.8 M 

hydroxylamine, pH 9.0 at 45 ºC for 5 hours in 12-14 kDa cut-off dialysis tubing. After 

hydroxylamine incubation, the same dialysis tubing was transferred to 1/10 X SDS 

PAGE loading buffer (5 mM Tris, pH 6.8, 250 mM urea, 0.2% SDS, 0.5%  -

mercaptoethanol) for 6 hours dialysis. Samples were then collected, vacuum dried and 

reconstituted to 1X loading buffers with  of dialyzed volume ddH2O and  of 

dialyzed volume of 5X completion SDS PAGE loading buffer (50% glycerol, 25%  -

mercaptoethanol, 0.125% bromophenol blue, 25% water). Each sample’s radioactivity 

was recorded before loading into the gel for cross-linking efficiency measurement. 

Samples, both hydroxylamine digested and untreated, were subjected to 7 or 15% 

SDS-PAGE. Gels were vacuum heat-dried and autoradiographed overnight. A detailed 

protocol for photo-cross-linking the protein-DNA complexes, carrying out the 

hydroxylamine digestion, and analysis by gel electrophoresis and autoradiography is 

included in Appendices F & G.  

 

RESULTS 

Hydroxylamine can be used to digest N-G (asparaginyl-glycyl) peptide bonds 

in proteins. There is a single N-G peptide bond in DmSNAP190 located between 

positions 358 and 359 (Fig. 3.1). This occurs very close to the middle of the 
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DmSNAP190 polypeptide and also near the middle of the Myb repeat labeled Rc. 

Because hydroxylamine cleaves so close to the middle of the protein, it would not be 

possible to distinguish the N- and C-terminal fragments directly by gel 

electrophoresis. Moreover, the photo-cross-linked polypeptide-DNA complex 

normally runs at a slightly higher molecular weight than expected due to the presence 

of a few cross-linked nucleotides. Finally, due to its length and flexibility, it is 

possible for the azidophenacyl group to cross-link to different amino acids, and this 

can slightly affect the mobility of the protein (1). To aid in identification of N- and C-

terminal fragments, constructs were prepared that contained either an N-terminal or C-

terminal tag. The fragments predicted after hydroxylamine digestion of native and of 

N- and C-terminally extended DmSNAP190 are shown in Fig. 3.3.  

 
 

Figure 3.3. DmSNAP190 fragments predicted from hydroxylamine digestion. Red 

represents the evolutionarily conserved region also present in the human homologue. 

Green indicates non-conserved region. Blue segments represent the tags on C- or N-

terminus. The N-tag increases the native form by 3.214 kDa. The C-tag increases the 

native form by 5.668 kDa 
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If the N-terminal half of the protein is radiolabeled following photo-cross-

linking, then the phosphate at the defined nucleotide position must be contacting the 

N-terminal half of the protein. Conversely, if the C-terminal half of the protein is 

radiolabeled, then the C-terminal half of the protein must be close to the positionally-

defined phosphate that contains the cross-linker. To aid in eliminating ambiguity, 

cross-linking reactions were carried out with DmSNAPc that contained untagged or 

either N- or C-terminally tagged DmSNAP190, and the products were run side-by-side 

on polyacrylamide gels following hydroxylamine digestion. 

Phosphate position 24 is contacted by the N-terminal half of DmSNAP190 

Fig. 3.4 shows the results of photo-cross-linking experiments of DmSNAPc to 

position 24 of the PSEA. The first three lanes show the results of cross-linking 

experiments prior to hydroxylamine digestion, and the last three lanes show the pattern 

following hydroxylamine digestion. Samples in lanes 1 and 4 were cross-linked to N-

terminal tagged DmSNAP190; lanes 2 and 5 to untagged SNAP190; and lanes 3 and 6 

to C-terminal tagged SNAP190.   

Prior to hydroxylamine digestion, untagged DmSNAP190 (lane 2) ran with a 

slightly faster mobility than either of the tagged versions, and the N-terminal tagged 

version (lane 1) ran with a slightly faster mobility than the C-terminal tagged version 

(lane 3), in accordance with their relative molecular weights. Following digestion with 

hydroxylamine (lanes 4-6), products in the range of 41-48 kDa were expected. 

Importantly, the major bands on the gel appeared in that approximate molecular 

weight range in the gel. Significantly, the radiolabeled bands produced from untagged 

and C-terminal tagged DmSNAP190 ran with the same mobility (lanes 5 and 6). Even 
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more importantly, these bands had a faster mobility than the band produced with N-

terminal tagged DmSNAP190 (lane 4). This is the pattern expected if the cross-link 

occurs to the N-terminal half of the protein that precedes the N-G peptide bond. If the 

cross-linking had occurred to the C-terminal half of the protein, faster-migrating bands 

would be expected in lanes 4 and 5 with a slower migrating band in lane 6. From these 

results, I am able to conclude that position 24 of the PSEA cross-links to the N-

terminal half of DmSNAP190.  

 
 

Figure 3.4. Phosphate position 24 of the U1 PSEA cross-links to the N-terminus of 

DmSNAP190. DmSNAPc containing N-terminal tagged DmSNAP190 (lanes 1 and 

4), untagged DmSNAP190 (lanes 2 and 5), or C-terminal tagged DmSNAP190 (lanes 

3 and 6) was cross-linked to position 24 of the U1 PSEA (see Fig. 3.2), run on a 15% 

polyacrylamide SDS gel, and radiolabeled bands were detected by autoradiography. 

Lanes 1-3 contain samples not subjected to hydroxylamine digestion whereas the 

samples in lanes 4-6 were digested with hydroxylamine. For further details, see the 

text. 
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Phosphate position 12 is also contacted by the N-terminal half of the 

DmSNAP190 subunit 

Experiments were next performed with cross-linker incorporated at position 12 

in the PSEA, and the results are shown in Fig. 3.5. Residual bands corresponding to 

undigested DmSNAP190 can be seen toward the top of the gel in the 95-100 kDa 

range. However, the more intense bands in the 45-50 kDa range represent the major 

products of hydroxylamine digestion. These bands exhibit the same pattern as 

observed with position 24: i.e., when the DmSNAPc used for cross-linking contains 

DmSNAP190 with an N-terminal tag, the mobility of the band is reduced (lane 1). 

From these results, I conclude that position 12 in the PSEA is contacted by the N-

terminal half of DmSNAP190.  

Much less intense bands are also visible in lanes 2 and 3 that have a mobility 

similar to the major band in lane 1. The origin of these bands is not certain. One 

possibility is that a certain fraction of the cross-link occurs to a different nearby amino 

acid position that results in a different mobility. We have observed such a double band 

before (1). It also could arise from cross-linking to a non-specific protein in the 

SNAPc fraction. We also cannot rule out that a small fraction of the cross-links might 

occur to the C-terminal half of DmSNAP190. However, if that were the case, we 

would expect the light band in lane 3 to have a slower mobility than the one in lane 2. 
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Figure 3.5. Phosphate position 12 of the U1 PSEA cross-links to the N-terminus of 

DmSNAP190. DmSNAPc containing N-terminal tagged DmSNAP190 (lane 1), 

untagged DmSNAP190 (lane 2), or C-terminal tagged DmSNAP190 (lane 3) was 

cross-linked to position 12 of the U1 PSEA (see Fig. 3.2), subjected to hydroxylamine 

digestion, run on a 15% polyacrylamide SDS gel, and radiolabeled bands detected by 

autoradiography. For further details, see the text. 
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Phosphate position 1 is most likely contacted by the C-terminal half of 

DmSNAP190 

When cross-linking agent was incorporated at position 1 of the U1 PSEA, there 

was a change in the cross-linking pattern (Fig. 3.6). The radiolabeled fragment had a 

slower mobility with C-terminal tagged DmSNAP190 (lane 3) as compared with N-

terminal tagged DmSNAP190 (lane 1). This strongly suggests position 1 cross-links to 

the C-terminal fragment. However, an unexpected result was obtained with the 

untagged DmSNAP190 in that two bands were apparent (lane 2) 

To try to better correlate the autoradiography bands with the hydroxylamine 

digestion products, western blots were carried out with an antibody that recognizes the 

C-terminus of DmSNAP190. The corresponding bands are labeled in lanes 4-6. The 

C-terminal fragments from the hydroxylamine digestion are readly apparent in each 

lane, and these correspond to the bands seen in lanes 1 and 3 and the faster mobility 

band in lane 2. The identity of the slower migrating band in lane 2 (denoted by an 

asterisk) remains unknown. It clearly runs with slower mobility than the tagged N-

terminal fragment (lane 7). Althought better data are needed for position 1, the results 

in Fig. 3.6 suggest that position 1 is recognized by the C-terminal half of 

DmSNAP190. 
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Figure 3.6. Phosphate position 1 of the U1 PSEA most likely cross-links to the C-

terminus of DmSNAP190. Photo-cross-linking and hydroxylamine digestion was 

carried out as in Fig. 3.5, except the cross-linking agent was at position 1 of the PSEA 

and the samples were run on a 7% polyacrylamide gel. Following gel electrophoresis 

protein bands were transfered to PVDF membrane for western blot analysis (lanes 4-

9). Bands are labeled to indicate whether they are from the C- or N-terminus. The 

membrane was then used for autoradiography (lanes 1-3). In lanes 4-6, DmSNAP190 

was detected using antibodies prepared against a C-terminal synthetic peptide. In lanes 

7-9, anti-FLAG antibodies were used. In lane 8, the FLAG antibody is detecting 

tagged DmSNAP43. The origin of the band in lane 2 denoted with an asterisk is 

unknown. 
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DISCUSSION 

The preliminary results presented here indicate that when DmSNAPc binds to a U1 

PSEA, the DmSNAP190 subunit is oriented such that its N-terminal half interacts with 

the central region and 3’ end of the PSEA,  and the C-terminal half interacts with the 

5’ end of the PSEA. This is consistent with several other pieces of data that by 

themselves are rather inconclusive: 

 1) Recent data from our lab (Mitch Titus, submitted) indicate that DmSNAP50, 

which binds to the 3’ end of the PSEA, interacts with the N-terminal region of 

DmSNAP190. This would suggest placement of the N-terminal region of 

DmSNAP190 toward the 3’ end of the PSEA.  

 2) In the fruit fly, DmSNAP43 also binds to the 3’ end of the PSEA. Mitch 

Titus (submitted) has shown that DmSNAP43 interacts with the Myb domain of 

DmSNAP190, but the region has not yet been mapped in any greater detail. However, 

in the human system, HsSNAP43 has been found to interact with the N terminus of 

HsSNAP190.  

 3) Also in the human system, a small region near the N-terminus of 

HsSNAP190 (residues 38-84) is involved in recruiting TBP to the U1 promoter, and 

presumably TBP binds downstream of the PSEA closer toward the transcription start 

site.   

 4) In the human system, the Rc and Rd repeats are the most important repeats 

for the  binding of HsSNAPc to the PSE (17), and the most conserved region of the fly 

PSEA is the 5’ end. Thus, it is logical that the Rc and Rd repeats might bind to the 5’ 



64 

 

end of the PSEA. 

 In this work, we have made use of a naturally occuring N-G peptide bond for 

hydroxylamine digestion that is located very near the center of the DmSNAP190 

polypeptide. It is also near the center of the Rc repeat. In future work, it would be 

useful to map out the interactions of the individual Myb repeats with specific 

nucleotide positions within the PSEA. This is discussed further in the next section of 

this dissertation.  
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Formation of a transcription pre-initiation complex on Drosophila snRNA 

genes starts when DmSNAPc binds to a PSEA. Earlier work in our lab indicated that 

the U1 or U6 PSEA is the primary determinant for RNA polymerase specificity and 

that the PSEAs are not interchangeable. Only 5 out of 21 bases of the PSEA are 

different between the U1 and U6 PSEAs that we use in our experiments, and by 

changing the 3’ end sequence we can alter RNA polymerase specificity from one 

polymerase to the other in vitro. This dominant role of the PSEA in determining RNA 

polymerase specificity suggested to us that DmSNAPc might bind differently to the 

U1 and U6 gene PSEAs. Previous site-specific protein-DNA photo-cross-linking 

experiments revealed that the conformations of the protein-DNA complexes were 

different depending upon whether DmSNAP was bound to a U1 or U6 PSEA. Perhaps 

most interestingly, it was found that DmSNAP43 contacts about 20 more base pairs of 

DNA downstream of a U1 PSEA vs. a U6 PSEA. 

In Chapter 1, I described work investigating if the PSEB, downstream of a U1 

PSEA, plays a role in determining whether DmSNAP43 contacts this downstream 

DNA. The results show only subtle changes in the cross-linking pattern upon mutation 

of the PSEB. This indicates the PSEB is not required for these downstream contacts. 

The sequence of the U1 PSEA is sufficient to bring DmSNAP43 into contact with the 

downstream DNA, and it seems amazing that only 3-5 nucleotides in the PSEA can 

determine how DmSNAPc binds to the DNA up to 20 bp away.  

 

Fig. G.5A in the General Introduction presents a summary of the combined 

photo-cross-linking data of Yan Wang and Cheng Li (1,2). It is worth noting that 
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many of the strong contacts downstream of the U1 PSEA [denoted by blue (and red) 

spheres in the top line of the figure] occur near and within the PSEB. The function of 

the 8 bp PSEB in transcription of Drosophila snRNA genes is unknown; however, 

mutation of the PSEB to an unrelated sequence reduced U1 transcription in vitro by 7-

fold (3). In vivo, however, the reduction was about 4-fold (Chapter 1) 

Because TBP is required for U1 transcription in vitro (3), it is reasonable to 

postulate that the PSEB is a “compromise” sequence for both TBP and DmSNAP43 

contact. This assumption is supported by the finding that if we superimpose the 

DmSNAP43 photo-cross-linking signals to a TBP-DNA 3D model (Chapter 1 Fig. 

1.6), both DmSNAP43 and TBP should be able to bind simultaneously to the PSEB. 

This suggests that the DmSNAP43 subunit resides very close to TBP and makes us 

believe that DmSNAP43 is involved in recruiting TBP to the PSEB.  

This model is also consistent with the finding that the human homolog, 

SNAP43, is capable of interacting with TBP (4). However there is not yet any direct 

evidence in the Drosophila system to support this model. It would be interesting to 

carry out GST pull down assays to determine if DmSNAP43 and TBP are capable of 

specific interactions in solution. 

Chapter 2 reported work that investigated the stoichiometry of the DmSNAPc 

subunits. By expressing the same subunit with different tags, I was able to demonstrate 

that there is only one copy of each subunit in DmSNAPc bound to DNA. Both 

DmSNAP43 and DmSNAP190 contact about 24 bases of the U1 promoter DNA. By 

molecular weight alone, it seems DmSNAP43 should be present in at least two copies 
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to contact a length of DNA similar to that as observed for DmSNAP190. But this 

dimer hypothesis turned out not to be true.  

Prior to performing the experiments reported in Chapter 3, it was important to 

eliminate the possibility that DmSNAP190 might be present in 2 copies in DmSNAPc 

bound to DNA. If DmSNAP190 were present in two copies, then it is possible that 

position 12 (as an example) could cross-link to the N-terminus of one DmSNAP190 

and to the C-terminus of the other. Or, if two DmSNAP190 subunits were arranged in 

a head-to-head fashion, then position 12 could cross-link to the C-termini and 

positions 1 and 24 could both cross-link to the N-termini. The non-ambiguous 

interpretation of such data would be very difficult. 

In Chapter 3, I presented the initial experiments to investigate the orientation 

of the single copy of the largest subunit, DmSNAP190, bound to the U1 promoter. By 

using hydroxylamine to cleave the protein at a single site, I was able to digest 

DmSNAP190 into two nearly equal halves, the N-terminus half 1-358 and the C-

terminus half 359-721 (Fig. C.1). By making use of N- or C-terminal tags, I was able 

to differentiate which half was contacting individual phosphate positions following 

photo-cross-linking. The results show the 3’ end of the PSEA contacts the N-terminus 

half of the protein (1-358) and the 5’ end of the PSEA most likely contacts the C-

terminus (359-721) region.  

The N-G site of DmSNAP190 is near the middle of repeat 3 (Rc Fig. C.1), and 

this gives a reference point to identify the orientation of the 4.5 Myb domains in this 

conserved peptide region. Based upon my data, I strongly suspect that the order of 

repeats is RdRcRbRaRh going from the 5’ to 3’ direction. In the future, it should be 
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possible to determine this at high resolution by using site-directed mutagenesis to 

remove the naturally occurring N-G site and introduce new N-G sites into 

DmSNAP190 within the linker regions that separate the individual repeats (Fig. C.1B 

italicized region). Introduction of an N-G site just beyond the Rd repeat would also 

make it possible to determine if the C-terminal domain, which is required for 

DmSNAPc binding to DNA  (Mitch Titus, submitted) actually contacts the DNA.  

 

 

Figure. C.1. (A) DmSNAP190 amino acid sequence. Red font indicates the 

evolutionarily conserved Myb repeats. (B) An alignment of the Myb repeats (Rh, Ra, 

Rb, Rc and Rd). The only N-G site for hydroxylamine digestion is located at position 

358-359 (underlined). The italic regions at the end and beginning of each repeat 

represent areas where it may be possible to introduce new N-G sites for a high-

resolution determination of which individual Myb repeats contact specific nucleotide 

positions in the PSEA. 
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From more extensive sequence comparisons (5) it appears that the conserved 

sequence of the D. melanogaster PSEA may actually extend 2-3 bases further in the 5’ 

direction than we have considered for the classical 21 bp PSEA. Thus it is possible 

that positions -3, -2, -1 or 0 upstream of position 1 of the PSEA may be suitable for 

photo-cross-linking, and may help resolve the ambiguities associated with position 1 

cross-linking (Fig. 3.6 in Chapter 3) 

It should also be possible to use these techniques to map out sites of protein-

DNA contact for DmSNAP43 and DmSNAP50 (Fig. C.2). DmSNAP50 contains an 

unorthodox zinc finger at its C-terminus. Shu-Chi Chiang in our lab has recently 

shown that this region of DmSNAP50 is involved in interactions with DmSNAP190 

and DmSNAP43. It would be interesting to know if this zinc finger region of 

DmSNAP50 is involved also in contacting DNA. Evidence from the human system (6) 

suggests it may. 

DmSNAP43 has no recognizable DNA binding motifs, yet it interacts with a 

region of DNA ~24 bp in length. It would be very interesting to map out which 

regions of DmSNAP43 interact with the 3’ end of PSEA and which regions interact 

with the PSEB. In the absence of structural data from crystallography, such 

experiments will yield valuable information about the arrangement of DmSNAPc on 

the U1 (and U6) promoters. 
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Figure C.2. Diagram showing the positions of the naturally occurring hydroxylamine 

cutting sites (N-G) in all three DmSNAPc subunits. Red color represents the 

evolutionarily conserved regions. The molecular weights are shown for the predicted 

complete digestion fragments. 
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APPENDIX 

 

A. DNA constructs for expressing various forms of the DmSNAP 

subunits in S2 cells 

B. Stably transfected S2 cell lines 

C. Purification of DmSNAPs from S2 cells by nickel chelate 

chromatography 

D. Detailed protocol for band-shift and super-shift assay 

E. Detailed protocol for western blot 

F. Site-specific protein-DNA photo-cross-linking of 

DmSNAP/PSEA using azidophenacyl bromide as cross-linking 

agent 

G. Hydroxylamine digestion after photo-cross-linking reactions 

H. Detailed protocol for dumbbell probe preparation 
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Appendix A:  DNA Constructs for expressing various forms 

of the DmSNAP subunits in S2 cells 

 

A. Vector used for cloning DmSNAPs 

The genes that code for DmSNAP43, DmSNAP50 and DmSNAP190 have been 

placed into an inducible Drosophila expression vector, pMT/V5-His-TOPO, a 

component of the Drosophila Expression System (DES) from Invitrogen. This vector 

provides copper-inducible gene expression under the control of the metallothionein 

promoter. Individual clones have been prepared such that each protein can be 

expressed with or without a V5 monoclonal antibody epitope tag and 6xHis tags. 

 

 

 

 

Nomenclature "with stop" or "stop" means that the gene includes the native stop 

codon, usually provide in the reverse PCR primer. "Without stop" or "no stop" means 

that we designed our reverse PCR primer to remove the native stop codon and 

maintain the frame through the DNA encoding the V5 and 6xHis tags. Constructs 
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were also prepared that had FLAG-Myc-6Hiis tags at the C-terminus or 6His-FLAG 

tags at the N-terminus.  

 

B. Sequences for the following constructs 

 

pMT/V5-His-TOPO DmSNAP43STOP 

pMT/V5-His-TOPO DmSNAP43FMH 

pMT/V5-His-TOPO DmSNAP43V5H 

pMT/V5-His-TOPO DmSNAP50STOP 

pMT/V5-His-TOPO DmSNAP50FMH 

pMT/V5-His-TOPO DmSNAP50V5H 

pMT/V5-His-TOPO DmSNAP190STOP 

pMT/V5-His-TOPO DmSNAP190FMH 

pMT/V5-His-TOPO HFDmSNAP190STOP 

pMT/V5-His-TOPO DmSNAP190V5H 
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pMT/V5-His-TOPO DmSNAP43 STOP 
 
    1 TCGCGCGTTT CGGTGATGAC GGTGAAAACC TCTGACACAT GCAGCTCCCG GAGACGGTCA CAGCTTGTCT GTAAGCGGAT GCCGGGAGCA GACAAGCCCG 
  101 TCAGGGCGCG TCAGCGGGTG TTGGCGGGTG TCGGGGCTGG CTTAACTATG CGGCATCAGA GCAGATTGTA CTGAGAGTGC ACCATATGCG GTGTGAAATA 
  201 CCGCACAGAT GCGTAAGGAG AAAATACCGC ATCAGGCGCC ATTCGCCATT CAGGCTGCGC AACTGTTGGG AAGGGCGATC GGTGCGGGCC TCTTCGCTAT 
  301 TACGCCAGCT GGCGAAAGGG GGATGTGCTG CAAGGCGATT AAGTTGGGTA ACGCCAGGGT TTTCCCAGTC ACGACGTTGT AAAACGACGG CCAGTGCCAG 
  401 TGAATTAATT CGTTGCAGGA CAGGATGTGG TGCCCGATGT GACTAGCTCT TTGCTGCAGG CCGTCCTATC CTCTGGTTCC GATAAGAGAC CCAGAACTCC 
  501 GGCCCCCCAC CGCCCACCGC CACCCCCATA CATATGTGGT ACGCAAGTAA GAGTGCCTGC GCATGCCCCA TGTGCCCCAC CAAGAGTTTT GCATCCCATA 
  601 CAAGTCCCCA AAGTGGAGAA CCGAACCAAT TCTTCGCGGG CAGAACAAAA GCTTCTGCAC ACGTCTCCAC TCGAATTTGG AGCCGGCCGG CGTGTGCAAA 
  701 AGAGGTGAAT CGAACGAAAG ACCCGTGTGT AAAGCCGCGT TTCCAAAATG TATAAAACCG AGAGCATCTG GCCAATGTGC ATCAGTTGTG GTCAGCAGCA 
  801 AAATCAAGTG AATCATCTCA GTGCAACTAA AGGGGGGATC TAGATCGGGG TACCTACTAG TCCAGTGTGG TGGAATTGCC CTTTCGCGTA ATTAAGATTC 
  901 AGAATGGAGC TGAATATCTT TGACGACTGC TGGGAGCTGG TGCAACGATT TCAGCGATTG GTTAATGATG GCGAAAACTG CGAGTTCGAG GTGTTCTGCC 
        > M  E   L  N  I  F   D  D  C   W  E  L   V  Q  R  F   Q  R  L   V  N  D   G  E  N  C   E  F  E   V  F  C   
 1001 GGTGCTGGCG AGAACTGCAG CTGCAGCACC TTTTCACTGC CCAGACGAAC CACACAGAGG TGATAGCCAC CACACTGGCG GCCCTGCATG TGGCCAAGCG 
     >R  C  W  R   E  L  Q   L  Q  H   L  F  T  A   Q  T  N   H  T  E   V  I  A  T   T  L  A   A  L  H   V  A  K  R 
 1101 ACTGTCGTGC TCCCGACGCA CCACCGGGGA CGTTTTCCCG GCATCTCGCG CTCAAAGGAT CGGAGGTTTC TTTCTGCTCT ACGTAATCTA CTACAAGCAG 
     >  L  S  C   S  R  R   T  T  G  D   V  F  P   A  S  R   A  Q  R  I   G  G  F   F  L  L   Y  V  I  Y   Y  K  Q  
 1201 CCCACGCACA ACTTTATTAA GATCGAGGTC TCACCGCGCA CTTGGCAAGA ACTAACAGAC TACGCTCTAG ATCTGCGCAA GGATAGTCCG GAGCGGAAGG 
     > P  T  H   N  F  I  K   I  E  V   S  P  R   T  W  Q  E   L  T  D   Y  A  L   D  L  R  K   D  S  P   E  R  K   
 1301 ACACTCATCA GATCGCCTAC ATGCTGTGGC GCCTGACCCA GGAGCAGGCC TTCCGCTTCA CCGCGCTCGA CTATTGCCAG GGGTTGGACA ATCTGGTGGA 
     >D  T  H  Q   I  A  Y   M  L  W   R  L  T  Q   E  Q  A   F  R  F   T  A  L  D   Y  C  Q   G  L  D   N  L  V  D 
 1401 CTACGACCGT GTGGAGACCG TAGCGGGTGC CAAGGAACAG AGGCAGAGTG CCTTGATGCA GAAGCAACAG CGTGCGAACG GCGTCAGTCT CACATACGAA 
     >  Y  D  R   V  E  T   V  A  G  A   K  E  Q   R  Q  S   A  L  M  Q   K  Q  Q   R  A  N   G  V  S  L   T  Y  E  
 1501 CTGGAGGGTC TGCGAGCACT GGACCAGGCA AGCCAGCCAT TGTGTGAACT GGAAGCGGCA TACAATGCCC AAAAGAAGCA ATTGGCGGCT GGTCATGAGC 
     > L  E  G   L  R  A  L   D  Q  A   S  Q  P   L  C  E  L   E  A  A   Y  N  A   Q  K  K  Q   L  A  A   G  H  E   
 1601 ACGCTTTACC GCCCTCTCAA ATATTCGGCC ATTTGCGAGA AGTCTTTGCC GATATCCAAA GTGTTCTAGG AGCTAGAAAG AGTACTCCAG ATGAGAAATG 
     >H  A  L  P   P  S  Q   I  F  G   H  L  R  E   V  F  A   D  I  Q   S  V  L  G   A  R  K   S  T  P   D  E  K  C 
 1701 CACCACAACA TCTACAGGCA ACCAGTTGGA AGTGCGCCAG AGGGTGCGGA ACAAGGCCAT GTACGGCGTC GAGGAGCGGG AGCCGCAACA CCAGACGGAT 
     >  T  T  T   S  T  G   N  Q  L  E   V  R  Q   R  V  R   N  K  A  M   Y  G  V   E  E  R   E  P  Q  H   Q  T  D  
 1801 GAACTAGAAG TGCAGCTGGA GGTCAACGAG ACTTATCAAC GCCGCATGTC CTCGGCCACC GTTTTCCAGA GGGAACTTCC AGAAGACGTG CAGCAAGAGT 
     > E  L  E   V  Q  L  E   V  N  E   T  Y  Q   R  R  M  S   S  A  T   V  F  Q   R  E  L  P   E  D  V   Q  Q  E   
 1901 ATGAGATGAT TGAGTTTAGT GACGACGAGG AAATGGAAGT GGGTGAAAGC GAGGAGGTCA CGGAAGAAGA ACTCAAAGCT ATTTTGGATA CTTGAGTTAG 
     >Y  E  M  I   E  F  S   D  D  E   E  M  E  V   G  E  S   E  E  V   T  E  E  E   L  K  A   I  L  D   T  
 2001 TTTATAAAAC TTTTACATAA TTAAATAACT AGCATTTTTG CGCGATGTGA TCTTGTTTAT CTGAAGGGCA ATTCTGCAGA TATCCAGCAC AGTGGCGGCC 
 2101 GCTCGAGTCT AGAGGGCCCG CGGTTCGAAG GTAAGCCTAT CCCTAACCCT CTCCTCGGTC TCGATTCTAC GCGTACCGGT CATCATCACC ATCACCATTG 
 2201 AGTTTAAACC CGCTGATCAG CCTCGACTGT GCCTTCTAAG ATCCAGACAT GATAAGATAC ATTGATGAGT TTGGACAAAC CACAACTAGA ATGCAGTGAA 
 2301 AAAAATGCTT TATTTGTGAA ATTTGTGATG CTATTGCTTT ATTTGTAACC ATTATAAGCT GCAATAAACA AGTTAACAAC AACAATTGCA TTCATTTTAT 
 2401 GTTTCAGGTT CAGGGGGAGG TGTGGGAGGT TTTTTAAAGC AAGTAAAACC TCTACAAATG TGGTATGGCT GATTATGATC AGTCGACCTG CAGGCATGCA 
 2501 AGCTTGGCGT AATCATGGTC ATAGCTGTTT CCTGTGTGAA ATTGTTATCC GCTCACAATT CCACACAACA TACGAGCCGG AAGCATAAAG TGTAAAGCCT 
 2601 GGGGTGCCTA ATGAGTGAGC TAACTCACAT TAATTGCGTT GCGCTCACTG CCCGCTTTCC AGTCGGGAAA CCTGTCGTGC CAGCTGCATT AATGAATCGG 
 2701 CCAACGCGCG GGGAGAGGCG GTTTGCGTAT TGGGCGCTCT TCCGCTTCCT CGCTCACTGA CTCGCTGCGC TCGGTCGTTC GGCTGCGGCG AGCGGTATCA 
 2801 GCTCACTCAA AGGCGGTAAT ACGGTTATCC ACAGAATCAG GGGATAACGC AGGAAAGAAC ATGTGAGCAA AAGGCCAGCA AAAGGCCAGG AACCGTAAAA 
 2901 AGGCCGCGTT GCTGGCGTTT TTCCATAGGC TCCGCCCCCC TGACGAGCAT CACAAAAATC GACGCTCAAG TCAGAGGTGG CGAAACCCGA CAGGACTATA 
 3001 AAGATACCAG GCGTTTCCCC CTGGAAGCTC CCTCGTGCGC TCTCCTGTTC CGACCCTGCC GCTTACCGGA TACCTGTCCG CCTTTCTCCC TTCGGGAAGC 
 3101 GTGGCGCTTT CTCATAGCTC ACGCTGTAGG TATCTCAGTT CGGTGTAGGT CGTTCGCTCC AAGCTGGGCT GTGTGCACGA ACCCCCCGTT CAGCCCGACC 
 3201 GCTGCGCCTT ATCCGGTAAC TATCGTCTTG AGTCCAACCC GGTAAGACAC GACTTATCGC CACTGGCAGC AGCCACTGGT AACAGGATTA GCAGAGCGAG 
 3301 GTATGTAGGC GGTGCTACAG AGTTCTTGAA GTGGTGGCCT AACTACGGCT ACACTAGAAG GACAGTATTT GGTATCTGCG CTCTGCTGAA GCCAGTTACC 
 3401 TTCGGAAAAA GAGTTGGTAG CTCTTGATCC GGCAAACAAA CCACCGCTGG TAGCGGTGGT TTTTTTGTTT GCAAGCAGCA GATTACGCGC AGAAAAAAAG 
 3501 GATCTCAAGA AGATCCTTTG ATCTTTTCTA CGGGGTCTGA CGCTCAGTGG AACGAAAACT CACGTTAAGG GATTTTGGTC ATGAGATTAT CAAAAAGGAT 
 3601 CTTCACCTAG ATCCTTTTAA ATTAAAAATG AAGTTTTAAA TCAATCTAAA GTATATATGA GTAAACTTGG TCTGACAGTT ACCAATGCTT AATCAGTGAG 
 3701 GCACCTATCT CAGCGATCTG TCTATTTCGT TCATCCATAG TTGCCTGACT CCCCGTCGTG TAGATAACTA CGATACGGGA GGGCTTACCA TCTGGCCCCA 
 3801 GTGCTGCAAT GATACCGCGA GACCCACGCT CACCGGCTCC AGATTTATCA GCAATAAACC AGCCAGCCGG AAGGGCCGAG CGCAGAAGTG GTCCTGCAAC 
 3901 TTTATCCGCC TCCATCCAGT CTATTAATTG TTGCCGGGAA GCTAGAGTAA GTAGTTCGCC AGTTAATAGT TTGCGCAACG TTGTTGCCAT TGCTACAGGC 
 4001 ATCGTGGTGT CACGCTCGTC GTTTGGTATG GCTTCATTCA GCTCCGGTTC CCAACGATCA AGGCGAGTTA CATGATCCCC CATGTTGTGC AAAAAAGCGG 
 4101 TTAGCTCCTT CGGTCCTCCG ATCGTTGTCA GAAGTAAGTT GGCCGCAGTG TTATCACTCA TGGTTATGGC AGCACTGCAT AATTCTCTTA CTGTCATGCC 
 4201 ATCCGTAAGA TGCTTTTCTG TGACTGGTGA GTACTCAACC AAGTCATTCT GAGAATAGTG TATGCGGCGA CCGAGTTGCT CTTGCCCGGC GTCAATACGG 
 4301 GATAATACCG CGCCACATAG CAGAACTTTA AAAGTGCTCA TCATTGGAAA ACGTTCTTCG GGGCGAAAAC TCTCAAGGAT CTTACCGCTG TTGAGATCCA 
 4401 GTTCGATGTA ACCCACTCGT GCACCCAACT GATCTTCAGC ATCTTTTACT TTCACCAGCG TTTCTGGGTG AGCAAAAACA GGAAGGCAAA ATGCCGCAAA 
 4501 AAAGGGAATA AGGGCGACAC GGAAATGTTG AATACTCATA CTCTTCCTTT TTCAATATTA TTGAAGCATT TATCAGGGTT ATTGTCTCAT GAGCGGATAC 
 4601 ATATTTGAAT GTATTTAGAA AAATAAACAA ATAGGGGTTC CGCGCACATT TCCCCGAAAA GTGCCACCTG ACGTCTAAGA AACCATTATT ATCATGACAT 
 4701 TAACCTATAA AAATAGGCGT ATCACGAGGC CCTTTCGT 
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pMT/V5-His-TOPO DmSNAP43FMH No Stop 
 
   1 TCGCGCGTTT CGGTGATGAC GGTGAAAACC TCTGACACAT GCAGCTCCCG GAGACGGTCA CAGCTTGTCT GTAAGCGGAT GCCGGGAGCA GACAAGCCCG 
 101 TCAGGGCGCG TCAGCGGGTG TTGGCGGGTG TCGGGGCTGG CTTAACTATG CGGCATCAGA GCAGATTGTA CTGAGAGTGC ACCATATGCG GTGTGAAATA 
 201 CCGCACAGAT GCGTAAGGAG AAAATACCGC ATCAGGCGCC ATTCGCCATT CAGGCTGCGC AACTGTTGGG AAGGGCGATC GGTGCGGGCC TCTTCGCTAT 
 301 TACGCCAGCT GGCGAAAGGG GGATGTGCTG CAAGGCGATT AAGTTGGGTA ACGCCAGGGT TTTCCCAGTC ACGACGTTGT AAAACGACGG CCAGTGCCAG 
 401 TGAATTAATT CGTTGCAGGA CAGGATGTGG TGCCCGATGT GACTAGCTCT TTGCTGCAGG CCGTCCTATC CTCTGGTTCC GATAAGAGAC CCAGAACTCC 
 501 GGCCCCCCAC CGCCCACCGC CACCCCCATA CATATGTGGT ACGCAAGTAA GAGTGCCTGC GCATGCCCCA TGTGCCCCAC CAAGAGTTTT GCATCCCATA 
 601 CAAGTCCCCA AAGTGGAGAA CCGAACCAAT TCTTCGCGGG CAGAACAAAA GCTTCTGCAC ACGTCTCCAC TCGAATTTGG AGCCGGCCGG CGTGTGCAAA 
 701 AGAGGTGAAT CGAACGAAAG ACCCGTGTGT AAAGCCGCGT TTCCAAAATG TATAAAACCG AGAGCATCTG GCCAATGTGC ATCAGTTGTG GTCAGCAGCA 
 801 AAATCAAGTG AATCATCTCA GTGCAACTAA AGGGGGGATC TAGATCGGGG TACCTACTAG TCCAGTGTGG TGGAATTGCC CTTtcgcgta attaagattc 
 901 agaATGGAGC TGAATATCTT TGACGACTGC TGGGAGCTGG TGCAACGATT TCAGCGATTG GTTAATGATG GCGAAAACTG CGAGTTCGAG GTGTTCTGCC 
       > M  E   L  N  I  F   D  D  C   W  E  L   V  Q  R  F   Q  R  L   V  N  D   G  E  N  C   E  F  E   V  F  C   
1001 GGTGCTGGCG AGAACTGCAG CTGCAGCACC TTTTCACTGC CCAGACGAAC CACACAGAGG TGATAGCCAC CACACTGGCG GCCCTGCATG TGGCCAAGCG 
    >R  C  W  R   E  L  Q   L  Q  H   L  F  T  A   Q  T  N   H  T  E   V  I  A  T   T  L  A   A  L  H   V  A  K  R 
1101 ACTGTCGTGC TCCCGACGCA CCACCGGGGA CGTTTTCCCG GCATCTCGCG CTCAAAGGAT CGGAGGTTTC TTTCTGCTCT ACGTAATCTA CTACAAGCAG 
    >  L  S  C   S  R  R   T  T  G  D   V  F  P   A  S  R   A  Q  R  I   G  G  F   F  L  L   Y  V  I  Y   Y  K  Q  
1201 CCCACGCACA ACTTTATTAA GATCGAGGTC TCACCGCGCA CTTGGCAAGA ACTAACAGAC TACGCTCTAG ATCTGCGCAA GGATAGTCCG GAGCGGAAGG 
    > P  T  H   N  F  I  K   I  E  V   S  P  R   T  W  Q  E   L  T  D   Y  A  L   D  L  R  K   D  S  P   E  R  K   
1301 ACACTCATCA GATCGCCTAC ATGCTGTGGC GCCTGACCCA GGAGCAGGCC TTCCGCTTCA CCGCGCTCGA CTATTGCCAG GGGTTGGACA ATCTGGTGGA 
    >D  T  H  Q   I  A  Y   M  L  W   R  L  T  Q   E  Q  A   F  R  F   T  A  L  D   Y  C  Q   G  L  D   N  L  V  D 
1401 CTACGACCGT GTGGAGACCG TAGCGGGTGC CAAGGAACAG AGGCAGAGTG CCTTGATGCA GAAGCAACAG CGTGCGAACG GCGTCAGTCT CACATACGAA 
    >  Y  D  R   V  E  T   V  A  G  A   K  E  Q   R  Q  S   A  L  M  Q   K  Q  Q   R  A  N   G  V  S  L   T  Y  E  
1501 CTGGAGGGTC TGCGAGCACT GGACCAGGCA AGCCAGCCAT TGTGTGAACT GGAAGCGGCA TACAATGCCC AAAAGAAGCA ATTGGCGGCT GGTCATGAGC 
    > L  E  G   L  R  A  L   D  Q  A   S  Q  P   L  C  E  L   E  A  A   Y  N  A   Q  K  K  Q   L  A  A   G  H  E   
1601 ACGCTTTACC GCCCTCTCAA ATATTCGGCC ATTTGCGAGA AGTCTTTGCC GATATCCAAA GTGTTCTAGG AGCTAGAAAG AGTACTCCAG ATGAGAAATG 
    >H  A  L  P   P  S  Q   I  F  G   H  L  R  E   V  F  A   D  I  Q   S  V  L  G   A  R  K   S  T  P   D  E  K  C 
1701 CACCACAACA TCTACAGGCA ACCAGTTGGA AGTGCGCCAG AGGGTGCGGA ACAAGGCCAT GTACGGCGTC GAGGAGCGGG AGCCGCAACA CCAGACGGAT 
    >  T  T  T   S  T  G   N  Q  L  E   V  R  Q   R  V  R   N  K  A  M   Y  G  V   E  E  R   E  P  Q  H   Q  T  D  
1801 GAACTAGAAG TGCAGCTGGA GGTCAACGAG ACTTATCAAC GCCGCATGTC CTCGGCCACC GTTTTCCAGA GGGAACTTCC AGAAGACGTG CAGCAAGAGT 
    > E  L  E   V  Q  L  E   V  N  E   T  Y  Q   R  R  M  S   S  A  T   V  F  Q   R  E  L  P   E  D  V   Q  Q  E   
1901 ATGAGATGAT TGAGTTTAGT GACGACGAGG AAATGGAAGT GGGTGAAAGC GAGGAGGTCA CGGAAGAAGA ACTCAAAGCT ATTTTGGATA CCAAGGGCAA 
    >Y  E  M  I   E  F  S   D  D  E   E  M  E  V   G  E  S   E  E  V   T  E  E  E   L  K  A   I  L  D   T  K  G  N 
2001 TTCTGCAGAT ATCCAGCACA GTGGCGGCCG CTCGAGTCTA GAGGGCCCGC GGTTCGACTA CAAGGATGAC GATGACAAGG GCGAGCAGAA GCTGATCTCC 
    >  S  A  D   I  Q  H   S  G  G  R   S  S  L   E  G  P   R  F  D  Y   K  D  D   D  D  K   G  E  Q  K   L  I  S  
2101 GAGGAAGATC TGACGCGTAC CGGTCATCAT CACCATCACC ATTGAGTTTA AACCCGCTGA TCAGCCTCGA CTGTGCCTTC TAAGATCCAG ACATGATAAG 
    > E  E  D   L  T  R  T   G  H  H   H  H  H   H  
2201 ATACATTGAT GAGTTTGGAC AAACCACAAC TAGAATGCAG TGAAAAAAAT GCTTTATTTG TGAAATTTGT GATGCTATTG CTTTATTTGT AACCATTATA 
2301 AGCTGCAATA AACAAGTTAA CAACAACAAT TGCATTCATT TTATGTTTCA GGTTCAGGGG GAGGTGTGGG AGGTTTTTTA AAGCAAGTAA AACCTCTACA 
2401 AATGTGGTAT GGCTGATTAT GATCAGTCGA CCTGCAGGCA TGCAAGCTTG GCGTAATCAT GGTCATAGCT GTTTCCTGTG TGAAATTGTT ATCCGCTCAC 
2501 AATTCCACAC AACATACGAG CCGGAAGCAT AAAGTGTAAA GCCTGGGGTG CCTAATGAGT GAGCTAACTC ACATTAATTG CGTTGCGCTC ACTGCCCGCT 
2601 TTCCAGTCGG GAAACCTGTC GTGCCAGCTG CATTAATGAA TCGGCCAACG CGCGGGGAGA GGCGGTTTGC GTATTGGGCG CTCTTCCGCT TCCTCGCTCA 
2701 CTGACTCGCT GCGCTCGGTC GTTCGGCTGC GGCGAGCGGT ATCAGCTCAC TCAAAGGCGG TAATACGGTT ATCCACAGAA TCAGGGGATA ACGCAGGAAA 
2801 GAACATGTGA GCAAAAGGCC AGCAAAAGGC CAGGAACCGT AAAAAGGCCG CGTTGCTGGC GTTTTTCCAT AGGCTCCGCC CCCCTGACGA GCATCACAAA 
2901 AATCGACGCT CAAGTCAGAG GTGGCGAAAC CCGACAGGAC TATAAAGATA CCAGGCGTTT CCCCCTGGAA GCTCCCTCGT GCGCTCTCCT GTTCCGACCC 
3001 TGCCGCTTAC CGGATACCTG TCCGCCTTTC TCCCTTCGGG AAGCGTGGCG CTTTCTCATA GCTCACGCTG TAGGTATCTC AGTTCGGTGT AGGTCGTTCG 
3101 CTCCAAGCTG GGCTGTGTGC ACGAACCCCC CGTTCAGCCC GACCGCTGCG CCTTATCCGG TAACTATCGT CTTGAGTCCA ACCCGGTAAG ACACGACTTA 
3201 TCGCCACTGG CAGCAGCCAC TGGTAACAGG ATTAGCAGAG CGAGGTATGT AGGCGGTGCT ACAGAGTTCT TGAAGTGGTG GCCTAACTAC GGCTACACTA 
3301 GAAGGACAGT ATTTGGTATC TGCGCTCTGC TGAAGCCAGT TACCTTCGGA AAAAGAGTTG GTAGCTCTTG ATCCGGCAAA CAAACCACCG CTGGTAGCGG 
3401 TGGTTTTTTT GTTTGCAAGC AGCAGATTAC GCGCAGAAAA AAAGGATCTC AAGAAGATCC TTTGATCTTT TCTACGGGGT CTGACGCTCA GTGGAACGAA 
3501 AACTCACGTT AAGGGATTTT GGTCATGAGA TTATCAAAAA GGATCTTCAC CTAGATCCTT TTAAATTAAA AATGAAGTTT TAAATCAATC TAAAGTATAT 
3601 ATGAGTAAAC TTGGTCTGAC AGTTACCAAT GCTTAATCAG TGAGGCACCT ATCTCAGCGA TCTGTCTATT TCGTTCATCC ATAGTTGCCT GACTCCCCGT 
3701 CGTGTAGATA ACTACGATAC GGGAGGGCTT ACCATCTGGC CCCAGTGCTG CAATGATACC GCGAGACCCA CGCTCACCGG CTCCAGATTT ATCAGCAATA 
3801 AACCAGCCAG CCGGAAGGGC CGAGCGCAGA AGTGGTCCTG CAACTTTATC CGCCTCCATC CAGTCTATTA ATTGTTGCCG GGAAGCTAGA GTAAGTAGTT 
3901 CGCCAGTTAA TAGTTTGCGC AACGTTGTTG CCATTGCTAC AGGCATCGTG GTGTCACGCT CGTCGTTTGG TATGGCTTCA TTCAGCTCCG GTTCCCAACG 
4001 ATCAAGGCGA GTTACATGAT CCCCCATGTT GTGCAAAAAA GCGGTTAGCT CCTTCGGTCC TCCGATCGTT GTCAGAAGTA AGTTGGCCGC AGTGTTATCA 
4101 CTCATGGTTA TGGCAGCACT GCATAATTCT CTTACTGTCA TGCCATCCGT AAGATGCTTT TCTGTGACTG GTGAGTACTC AACCAAGTCA TTCTGAGAAT 
4201 AGTGTATGCG GCGACCGAGT TGCTCTTGCC CGGCGTCAAT ACGGGATAAT ACCGCGCCAC ATAGCAGAAC TTTAAAAGTG CTCATCATTG GAAAACGTTC 
4301 TTCGGGGCGA AAACTCTCAA GGATCTTACC GCTGTTGAGA TCCAGTTCGA TGTAACCCAC TCGTGCACCC AACTGATCTT CAGCATCTTT TACTTTCACC 
4401 AGCGTTTCTG GGTGAGCAAA AACAGGAAGG CAAAATGCCG CAAAAAAGGG AATAAGGGCG ACACGGAAAT GTTGAATACT CATACTCTTC CTTTTTCAAT 
4501 ATTATTGAAG CATTTATCAG GGTTATTGTC TCATGAGCGG ATACATATTT GAATGTATTT AGAAAAATAA ACAAATAGGG GTTCCGCGCA CATTTCCCCG 
4601 AAAAGTGCCA CCTGACGTCT AAGAAACCAT TATTATCATG ACATTAACCT ATAAAAATAG GCGTATCACG AGGCCCTTTC GT 
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pMT/V5-His-TOPO DmSNAP43V5H 
 
    1 TCGCGCGTTT CGGTGATGAC GGTGAAAACC TCTGACACAT GCAGCTCCCG GAGACGGTCA CAGCTTGTCT GTAAGCGGAT GCCGGGAGCA GACAAGCCCG 
  101 TCAGGGCGCG TCAGCGGGTG TTGGCGGGTG TCGGGGCTGG CTTAACTATG CGGCATCAGA GCAGATTGTA CTGAGAGTGC ACCATATGCG GTGTGAAATA 
  201 CCGCACAGAT GCGTAAGGAG AAAATACCGC ATCAGGCGCC ATTCGCCATT CAGGCTGCGC AACTGTTGGG AAGGGCGATC GGTGCGGGCC TCTTCGCTAT 
  301 TACGCCAGCT GGCGAAAGGG GGATGTGCTG CAAGGCGATT AAGTTGGGTA ACGCCAGGGT TTTCCCAGTC ACGACGTTGT AAAACGACGG CCAGTGCCAG 
  401 TGAATTAATT CGTTGCAGGA CAGGATGTGG TGCCCGATGT GACTAGCTCT TTGCTGCAGG CCGTCCTATC CTCTGGTTCC GATAAGAGAC CCAGAACTCC 
  501 GGCCCCCCAC CGCCCACCGC CACCCCCATA CATATGTGGT ACGCAAGTAA GAGTGCCTGC GCATGCCCCA TGTGCCCCAC CAAGAGTTTT GCATCCCATA 
  601 CAAGTCCCCA AAGTGGAGAA CCGAACCAAT TCTTCGCGGG CAGAACAAAA GCTTCTGCAC ACGTCTCCAC TCGAATTTGG AGCCGGCCGG CGTGTGCAAA 
  701 AGAGGTGAAT CGAACGAAAG ACCCGTGTGT AAAGCCGCGT TTCCAAAATG TATAAAACCG AGAGCATCTG GCCAATGTGC ATCAGTTGTG GTCAGCAGCA 
  801 AAATCAAGTG AATCATCTCA GTGCAACTAA AGGGGGGATC TAGATCGGGG TACCTACTAG TCCAGTGTGG TGGAATTGCC CTTtcgcgta attaagattc 
  901 agaATGGAGC TGAATATCTT TGACGACTGC TGGGAGCTGG TGCAACGATT TCAGCGATTG GTTAATGATG GCGAAAACTG CGAGTTCGAG GTGTTCTGCC 
        > M  E   L  N  I  F   D  D  C   W  E  L   V  Q  R  F   Q  R  L   V  N  D   G  E  N  C   E  F  E   V  F  C   
 1001 GGTGCTGGCG AGAACTGCAG CTGCAGCACC TTTTCACTGC CCAGACGAAC CACACAGAGG TGATAGCCAC CACACTGGCG GCCCTGCATG TGGCCAAGCG 
     >R  C  W  R   E  L  Q   L  Q  H   L  F  T  A   Q  T  N   H  T  E   V  I  A  T   T  L  A   A  L  H   V  A  K  R 
 1101 ACTGTCGTGC TCCCGACGCA CCACCGGGGA CGTTTTCCCG GCATCTCGCG CTCAAAGGAT CGGAGGTTTC TTTCTGCTCT ACGTAATCTA CTACAAGCAG 
     >  L  S  C   S  R  R   T  T  G  D   V  F  P   A  S  R   A  Q  R  I   G  G  F   F  L  L   Y  V  I  Y   Y  K  Q  
 1201 CCCACGCACA ACTTTATTAA GATCGAGGTC TCACCGCGCA CTTGGCAAGA ACTAACAGAC TACGCTCTAG ATCTGCGCAA GGATAGTCCG GAGCGGAAGG 
     > P  T  H   N  F  I  K   I  E  V   S  P  R   T  W  Q  E   L  T  D   Y  A  L   D  L  R  K   D  S  P   E  R  K   
 1301 ACACTCATCA GATCGCCTAC ATGCTGTGGC GCCTGACCCA GGAGCAGGCC TTCCGCTTCA CCGCGCTCGA CTATTGCCAG GGGTTGGACA ATCTGGTGGA 
     >D  T  H  Q   I  A  Y   M  L  W   R  L  T  Q   E  Q  A   F  R  F   T  A  L  D   Y  C  Q   G  L  D   N  L  V  D 
 1401 CTACGACCGT GTGGAGACCG TAGCGGGTGC CAAGGAACAG AGGCAGAGTG CCTTGATGCA GAAGCAACAG CGTGCGAACG GCGTCAGTCT CACATACGAA 
     >  Y  D  R   V  E  T   V  A  G  A   K  E  Q   R  Q  S   A  L  M  Q   K  Q  Q   R  A  N   G  V  S  L   T  Y  E  
 1501 CTGGAGGGTC TGCGAGCACT GGACCAGGCA AGCCAGCCAT TGTGTGAACT GGAAGCGGCA TACAATGCCC AAAAGAAGCA ATTGGCGGCT GGTCATGAGC 
     > L  E  G   L  R  A  L   D  Q  A   S  Q  P   L  C  E  L   E  A  A   Y  N  A   Q  K  K  Q   L  A  A   G  H  E   
 1601 ACGCTTTACC GCCCTCTCAA ATATTCGGCC ATTTGCGAGA AGTCTTTGCC GATATCCAAA GTGTTCTAGG AGCTAGAAAG AGTACTCCAG ATGAGAAATG 
     >H  A  L  P   P  S  Q   I  F  G   H  L  R  E   V  F  A   D  I  Q   S  V  L  G   A  R  K   S  T  P   D  E  K  C 
 1701 CACCACAACA TCTACAGGCA ACCAGTTGGA AGTGCGCCAG AGGGTGCGGA ACAAGGCCAT GTACGGCGTC GAGGAGCGGG AGCCGCAACA CCAGACGGAT 
     >  T  T  T   S  T  G   N  Q  L  E   V  R  Q   R  V  R   N  K  A  M   Y  G  V   E  E  R   E  P  Q  H   Q  T  D  
 1801 GAACTAGAAG TGCAGCTGGA GGTCAACGAG ACTTATCAAC GCCGCATGTC CTCGGCCACC GTTTTCCAGA GGGAACTTCC AGAAGACGTG CAGCAAGAGT 
     > E  L  E   V  Q  L  E   V  N  E   T  Y  Q   R  R  M  S   S  A  T   V  F  Q   R  E  L  P   E  D  V   Q  Q  E   
 1901 ATGAGATGAT TGAGTTTAGT GACGACGAGG AAATGGAAGT GGGTGAAAGC GAGGAGGTCA CGGAAGAAGA ACTCAAAGCT ATTTTGGATA CCAAGGGCAA 
     >Y  E  M  I   E  F  S   D  D  E   E  M  E  V   G  E  S   E  E  V   T  E  E  E   L  K  A   I  L  D   T  K  G  N 
 2001 TTCTGCAGAT ATCCAGCACA GTGGCGGCCG CTCGAGTCTA GAGGGCCCGC GGTTCGAAGG TAAGCCTATC CCTAACCCTC TCCTCGGTCT CGATTCTACG 
     >  S  A  D   I  Q  H   S  G  G  R   S  S  L   E  G  P   R  F  E  G   K  P  I   P  N  P   L  L  G  L   D  S  T  
 2101 CGTACCGGTC ATCATCACCA TCACCATTGA GTTTAAACCC GCTGATCAGC CTCGACTGTG CCTTCTAAGA TCCAGACATG ATAAGATACA TTGATGAGTT 
     > R  T  G   H  H  H  H   H  H  
 2201 TGGACAAACC ACAACTAGAA TGCAGTGAAA AAAATGCTTT ATTTGTGAAA TTTGTGATGC TATTGCTTTA TTTGTAACCA TTATAAGCTG CAATAAACAA 
 2301 GTTAACAACA ACAATTGCAT TCATTTTATG TTTCAGGTTC AGGGGGAGGT GTGGGAGGTT TTTTAAAGCA AGTAAAACCT CTACAAATGT GGTATGGCTG 
 2401 ATTATGATCA GTCGACCTGC AGGCATGCAA GCTTGGCGTA ATCATGGTCA TAGCTGTTTC CTGTGTGAAA TTGTTATCCG CTCACAATTC CACACAACAT 
 2501 ACGAGCCGGA AGCATAAAGT GTAAAGCCTG GGGTGCCTAA TGAGTGAGCT AACTCACATT AATTGCGTTG CGCTCACTGC CCGCTTTCCA GTCGGGAAAC 
 2601 CTGTCGTGCC AGCTGCATTA ATGAATCGGC CAACGCGCGG GGAGAGGCGG TTTGCGTATT GGGCGCTCTT CCGCTTCCTC GCTCACTGAC TCGCTGCGCT 
 2701 CGGTCGTTCG GCTGCGGCGA GCGGTATCAG CTCACTCAAA GGCGGTAATA CGGTTATCCA CAGAATCAGG GGATAACGCA GGAAAGAACA TGTGAGCAAA 
 2801 AGGCCAGCAA AAGGCCAGGA ACCGTAAAAA GGCCGCGTTG CTGGCGTTTT TCCATAGGCT CCGCCCCCCT GACGAGCATC ACAAAAATCG ACGCTCAAGT 
 2901 CAGAGGTGGC GAAACCCGAC AGGACTATAA AGATACCAGG CGTTTCCCCC TGGAAGCTCC CTCGTGCGCT CTCCTGTTCC GACCCTGCCG CTTACCGGAT 
 3001 ACCTGTCCGC CTTTCTCCCT TCGGGAAGCG TGGCGCTTTC TCATAGCTCA CGCTGTAGGT ATCTCAGTTC GGTGTAGGTC GTTCGCTCCA AGCTGGGCTG 
 3101 TGTGCACGAA CCCCCCGTTC AGCCCGACCG CTGCGCCTTA TCCGGTAACT ATCGTCTTGA GTCCAACCCG GTAAGACACG ACTTATCGCC ACTGGCAGCA 
 3201 GCCACTGGTA ACAGGATTAG CAGAGCGAGG TATGTAGGCG GTGCTACAGA GTTCTTGAAG TGGTGGCCTA ACTACGGCTA CACTAGAAGG ACAGTATTTG 
 3301 GTATCTGCGC TCTGCTGAAG CCAGTTACCT TCGGAAAAAG AGTTGGTAGC TCTTGATCCG GCAAACAAAC CACCGCTGGT AGCGGTGGTT TTTTTGTTTG 
 3401 CAAGCAGCAG ATTACGCGCA GAAAAAAAGG ATCTCAAGAA GATCCTTTGA TCTTTTCTAC GGGGTCTGAC GCTCAGTGGA ACGAAAACTC ACGTTAAGGG 
 3501 ATTTTGGTCA TGAGATTATC AAAAAGGATC TTCACCTAGA TCCTTTTAAA TTAAAAATGA AGTTTTAAAT CAATCTAAAG TATATATGAG TAAACTTGGT 
 3601 CTGACAGTTA CCAATGCTTA ATCAGTGAGG CACCTATCTC AGCGATCTGT CTATTTCGTT CATCCATAGT TGCCTGACTC CCCGTCGTGT AGATAACTAC 
 3701 GATACGGGAG GGCTTACCAT CTGGCCCCAG TGCTGCAATG ATACCGCGAG ACCCACGCTC ACCGGCTCCA GATTTATCAG CAATAAACCA GCCAGCCGGA 
 3801 AGGGCCGAGC GCAGAAGTGG TCCTGCAACT TTATCCGCCT CCATCCAGTC TATTAATTGT TGCCGGGAAG CTAGAGTAAG TAGTTCGCCA GTTAATAGTT 
 3901 TGCGCAACGT TGTTGCCATT GCTACAGGCA TCGTGGTGTC ACGCTCGTCG TTTGGTATGG CTTCATTCAG CTCCGGTTCC CAACGATCAA GGCGAGTTAC 
 4001 ATGATCCCCC ATGTTGTGCA AAAAAGCGGT TAGCTCCTTC GGTCCTCCGA TCGTTGTCAG AAGTAAGTTG GCCGCAGTGT TATCACTCAT GGTTATGGCA 
 4101 GCACTGCATA ATTCTCTTAC TGTCATGCCA TCCGTAAGAT GCTTTTCTGT GACTGGTGAG TACTCAACCA AGTCATTCTG AGAATAGTGT ATGCGGCGAC 
 4201 CGAGTTGCTC TTGCCCGGCG TCAATACGGG ATAATACCGC GCCACATAGC AGAACTTTAA AAGTGCTCAT CATTGGAAAA CGTTCTTCGG GGCGAAAACT 
 4301 CTCAAGGATC TTACCGCTGT TGAGATCCAG TTCGATGTAA CCCACTCGTG CACCCAACTG ATCTTCAGCA TCTTTTACTT TCACCAGCGT TTCTGGGTGA 
 4401 GCAAAAACAG GAAGGCAAAA TGCCGCAAAA AAGGGAATAA GGGCGACACG GAAATGTTGA ATACTCATAC TCTTCCTTTT TCAATATTAT TGAAGCATTT 
 4501 ATCAGGGTTA TTGTCTCATG AGCGGATACA TATTTGAATG TATTTAGAAA AATAAACAAA TAGGGGTTCC GCGCACATTT CCCCGAAAAG TGCCACCTGA 
 4601 CGTCTAAGAA ACCATTATTA TCATGACATT AACCTATAAA AATAGGCGTA TCACGAGGCC CTTTCGT 
 



 

 

80 

 
pMT/V5-His-TOPO DmSNAP50 STOP 
 
    1 TCGCGCGTTT CGGTGATGAC GGTGAAAACC TCTGACACAT GCAGCTCCCG GAGACGGTCA CAGCTTGTCT GTAAGCGGAT GCCGGGAGCA GACAAGCCCG 
  101 TCAGGGCGCG TCAGCGGGTG TTGGCGGGTG TCGGGGCTGG CTTAACTATG CGGCATCAGA GCAGATTGTA CTGAGAGTGC ACCATATGCG GTGTGAAATA 
  201 CCGCACAGAT GCGTAAGGAG AAAATACCGC ATCAGGCGCC ATTCGCCATT CAGGCTGCGC AACTGTTGGG AAGGGCGATC GGTGCGGGCC TCTTCGCTAT 
  301 TACGCCAGCT GGCGAAAGGG GGATGTGCTG CAAGGCGATT AAGTTGGGTA ACGCCAGGGT TTTCCCAGTC ACGACGTTGT AAAACGACGG CCAGTGCCAG 
  401 TGAATTAATT CGTTGCAGGA CAGGATGTGG TGCCCGATGT GACTAGCTCT TTGCTGCAGG CCGTCCTATC CTCTGGTTCC GATAAGAGAC CCAGAACTCC 
  501 GGCCCCCCAC CGCCCACCGC CACCCCCATA CATATGTGGT ACGCAAGTAA GAGTGCCTGC GCATGCCCCA TGTGCCCCAC CAAGAGTTTT GCATCCCATA 
  601 CAAGTCCCCA AAGTGGAGAA CCGAACCAAT TCTTCGCGGG CAGAACAAAA GCTTCTGCAC ACGTCTCCAC TCGAATTTGG AGCCGGCCGG CGTGTGCAAA 
  701 AGAGGTGAAT CGAACGAAAG ACCCGTGTGT AAAGCCGCGT TTCCAAAATG TATAAAACCG AGAGCATCTG GCCAATGTGC ATCAGTTGTG GTCAGCAGCA 
  801 AAATCAAGTG AATCATCTCA GTGCAACTAA AGGGGGGATC TAGATCGGGG TACCTACTAG TCCAGTGTGG TGGAATTGCC CTTGAGAACA TGAACGATTC 
  901 CTCCGATTCG GAGTACGAGG ACACAGAGTA CCTGGTATTT GCGGATTTCA AGAACCACAT TCATCCGCAC CAGCTGAAGC ACGAGGACGC GGCCATTAAG 
 1001 ATCATCGGAA TCGAGAGTGA CACGCCCATG GCCGAGGTAA ATGGAAGCAT TTATCGGGGA CGCTACGAAC ATTCCGTGGG AACCAACGTG TTCTTTGAGA 
 1101 AGGAAAAAGA CAATCTGGCA AGTGATCCGC TTTTTGAGTC AGTGTGTCGC CAGCGGTACC AGTACGTGGA CAAATCCACC AAGGTGATAT CTTTTGAAAG 
 1201 GGTCTACGTG GACAATTTGC ACCAGGAGGT GGAGAAGTCG GCTGAGACTG AAGAGGACGA TCAGACCGAG CCAAAGCCAG AATCTCTGAA GCTAAATATA 
 1301 ACTTACAAGG AGGCTATTAA CAAGTTTGGA GAAGATCATT GAGTGTGGAG AACTGAGTCT AATCCTGAAC AAAAAACACT CTTTCAAGAC ATACCTCTTA 
 1401 GTACCATGGA TACCACCTAT ATTACAACGA ATCCAGCTTT AAGCCTGCGA GACTTTCTAG CCGACTATCA AAAGAAAATA TCCGGTACTG CAGACGAAGT 
          > M  D   T  T  Y   I  T  T   N  P  A  L   S  L  R   D  F  L   A  D  Y  Q   K  K  I   S  G  T   A  D  E  V 
 1501 GCCCTTCTTT CTCCAAAAAA ACCCAGTACT TGTCGACGTG TCTGAAAGCT GTTCCCTGGA CTTGATCGAG TCCCCAGACG ACAGCTCGAT TGCAGTCTTC 
     >  P  F  F   L  Q  K   N  P  V  L   V  D  V   S  E  S   C  S  L  D   L  I  E   S  P  D   D  S  S  I   A  V  F  
 1601 CAGCCCGCCG CAGACAAATG CCGCCCAACC TTTTCTCCGC CGCAGGAGAA CCAGCATGTG CCCTCCACTT TTACTGCTCT AAGCCAGCAC AAGGACAAGT 
     > Q  P  A   A  D  K  C   R  P  T   F  S  P   P  Q  E  N   Q  H  V   P  S  T   F  T  A  L   S  Q  H   K  D  K   
 1701 CCCGTAAGTG TCCCTTTGGC CGCACCCAGT ACAGCCACAA ACTGAATCCG ACGCCGACAG ACTCGCCTAA CCTGCACATC GATGCTTGCG GCGAACTGGA 
     >S  R  K  C   P  F  G   R  T  Q   Y  S  H  K   L  N  P   T  P  T   D  S  P  N   L  H  I   D  A  C   G  E  L  E 
 1801 GCTAACCGTG CGTCTATATC GACCACCGCG GGCCTACCAT CGCGGGTTTA AGGTGGAGAT TCCCGTTTTC GCCGAGGAGT TCGTATGTCT GGGCAGCAAT 
     >  L  T  V   R  L  Y   R  P  P  R   A  Y  H   R  G  F   K  V  E  I   P  V  F   A  E  E   F  V  C  L   G  S  N  
 1901 TATCTGACCG AGCTGCGGGA CAAGATCAGC TGCGTTTGCA ATGGAAAACG GTTTGTCGAC ATCAGCGACG ATCCAGATGC ACCGTTGCCA TCCATTGACA 
     > Y  L  T   E  L  R  D   K  I  S   C  V  C   N  G  K  R   F  V  D   I  S  D   D  P  D  A   P  L  P   S  I  D   
 2001 CAAATCCCGG TTACTTCTTC ATCAACGACA CATTCTACAA CGACCAGCGC AATCCGGACA ATCCCGACTA TTCCAAGACC GTCTTGCAGT GGGCTGCCAG 
     >T  N  P  G   Y  F  F   I  N  D   T  F  Y  N   D  Q  R   N  P  D   N  P  D  Y   S  K  T   V  L  Q   W  A  A  R 
 2101 AGCGAACGGA GTGAACGGAG AAACGCTTAA GGTGGAGAGT ATGGAGGGCA AAAGATTCAT CGATCTCACT GTCAGCCCCG GATCACCGCT ACACTACCTG 
     >  A  N  G   V  N  G   E  T  L  K   V  E  S   M  E  G   K  R  F  I   D  L  T   V  S  P   G  S  P  L   H  Y  L  
 2201 CACCACGGCA ATTGCGAACA CCTGTTTGTG ATCTCCCAGG TAGAGGTGCT AACGCCACTT AGTAAACGGC CAGATCGCAG CCTGTATCCC TATCCTCACG 
     > H  H  G   N  C  E  H   L  F  V   I  S  Q   V  E  V  L   T  P  L   S  K  R   P  D  R  S   L  Y  P   Y  P  H   
 2301 CCTTCAGTAC GTTTAATCGC AGGACTTGCT ATATGTGCGG CATTCGCAGC TATAGCTTCA TCGTGAACCA GTCCCGGCGA CAGCTGCACG ATCCCTCCTA 
     >A  F  S  T   F  N  R   R  T  C   Y  M  C  G   I  R  S   Y  S  F   I  V  N  Q   S  R  R   Q  L  H   D  P  S  Y 
 2401 CCTGTGCCGC AGATGTTTTC TCAGCTTCTT TTACGTGGAT GGTGTCAAGC TGGGCCAGTT CAAAGCCTAT CGCATGTATG ACCATGTAGA GCTGGAGGGC 
     >  L  C  R   R  C  F   L  S  F  F   Y  V  D   G  V  K   L  G  Q  F   K  A  Y   R  M  Y   D  H  V  E   L  E  G  
 2501 GAAGAGGAGG ACATTAAACA GCAAAATCTC CCCTCCTGAA TAAAGGGCAA TTCTGCAGAT ATCCAGCACA GTGGCGGCCG CTCGAGTCTA GAGGGCCCGC 
     > E  E  E   D  I  K  Q   Q  N  L   P  S  
 2601 GGTTCGAAGG TAAGCCTATC CCTAACCCTC TCCTCGGTCT CGATTCTACG CGTACCGGTC ATCATCACCA TCACCATTGA GTTTAAACCC GCTGATCAGC 
 2701 CTCGACTGTG CCTTCTAAGA TCCAGACATG ATAAGATACA TTGATGAGTT TGGACAAACC ACAACTAGAA TGCAGTGAAA AAAATGCTTT ATTTGTGAAA 
 2801 TTTGTGATGC TATTGCTTTA TTTGTAACCA TTATAAGCTG CAATAAACAA GTTAACAACA ACAATTGCAT TCATTTTATG TTTCAGGTTC AGGGGGAGGT 
 2901 GTGGGAGGTT TTTTAAAGCA AGTAAAACCT CTACAAATGT GGTATGGCTG ATTATGATCA GTCGACCTGC AGGCATGCAA GCTTGGCGTA ATCATGGTCA 
 3001 TAGCTGTTTC CTGTGTGAAA TTGTTATCCG CTCACAATTC CACACAACAT ACGAGCCGGA AGCATAAAGT GTAAAGCCTG GGGTGCCTAA TGAGTGAGCT 
 3101 AACTCACATT AATTGCGTTG CGCTCACTGC CCGCTTTCCA GTCGGGAAAC CTGTCGTGCC AGCTGCATTA ATGAATCGGC CAACGCGCGG GGAGAGGCGG 
 3201 TTTGCGTATT GGGCGCTCTT CCGCTTCCTC GCTCACTGAC TCGCTGCGCT CGGTCGTTCG GCTGCGGCGA GCGGTATCAG CTCACTCAAA GGCGGTAATA 
 3301 CGGTTATCCA CAGAATCAGG GGATAACGCA GGAAAGAACA TGTGAGCAAA AGGCCAGCAA AAGGCCAGGA ACCGTAAAAA GGCCGCGTTG CTGGCGTTTT 
 3401 TCCATAGGCT CCGCCCCCCT GACGAGCATC ACAAAAATCG ACGCTCAAGT CAGAGGTGGC GAAACCCGAC AGGACTATAA AGATACCAGG CGTTTCCCCC 
 3501 TGGAAGCTCC CTCGTGCGCT CTCCTGTTCC GACCCTGCCG CTTACCGGAT ACCTGTCCGC CTTTCTCCCT TCGGGAAGCG TGGCGCTTTC TCATAGCTCA 
 3601 CGCTGTAGGT ATCTCAGTTC GGTGTAGGTC GTTCGCTCCA AGCTGGGCTG TGTGCACGAA CCCCCCGTTC AGCCCGACCG CTGCGCCTTA TCCGGTAACT 
 3701 ATCGTCTTGA GTCCAACCCG GTAAGACACG ACTTATCGCC ACTGGCAGCA GCCACTGGTA ACAGGATTAG CAGAGCGAGG TATGTAGGCG GTGCTACAGA 
 3801 GTTCTTGAAG TGGTGGCCTA ACTACGGCTA CACTAGAAGG ACAGTATTTG GTATCTGCGC TCTGCTGAAG CCAGTTACCT TCGGAAAAAG AGTTGGTAGC 
 3901 TCTTGATCCG GCAAACAAAC CACCGCTGGT AGCGGTGGTT TTTTTGTTTG CAAGCAGCAG ATTACGCGCA GAAAAAAAGG ATCTCAAGAA GATCCTTTGA 
 4001 TCTTTTCTAC GGGGTCTGAC GCTCAGTGGA ACGAAAACTC ACGTTAAGGG ATTTTGGTCA TGAGATTATC AAAAAGGATC TTCACCTAGA TCCTTTTAAA 
 4101 TTAAAAATGA AGTTTTAAAT CAATCTAAAG TATATATGAG TAAACTTGGT CTGACAGTTA CCAATGCTTA ATCAGTGAGG CACCTATCTC AGCGATCTGT 
 4201 CTATTTCGTT CATCCATAGT TGCCTGACTC CCCGTCGTGT AGATAACTAC GATACGGGAG GGCTTACCAT CTGGCCCCAG TGCTGCAATG ATACCGCGAG 
 4301 ACCCACGCTC ACCGGCTCCA GATTTATCAG CAATAAACCA GCCAGCCGGA AGGGCCGAGC GCAGAAGTGG TCCTGCAACT TTATCCGCCT CCATCCAGTC 
 4401 TATTAATTGT TGCCGGGAAG CTAGAGTAAG TAGTTCGCCA GTTAATAGTT TGCGCAACGT TGTTGCCATT GCTACAGGCA TCGTGGTGTC ACGCTCGTCG 
 4501 TTTGGTATGG CTTCATTCAG CTCCGGTTCC CAACGATCAA GGCGAGTTAC ATGATCCCCC ATGTTGTGCA AAAAAGCGGT TAGCTCCTTC GGTCCTCCGA 
 4601 TCGTTGTCAG AAGTAAGTTG GCCGCAGTGT TATCACTCAT GGTTATGGCA GCACTGCATA ATTCTCTTAC TGTCATGCCA TCCGTAAGAT GCTTTTCTGT 
 4701 GACTGGTGAG TACTCAACCA AGTCATTCTG AGAATAGTGT ATGCGGCGAC CGAGTTGCTC TTGCCCGGCG TCAATACGGG ATAATACCGC GCCACATAGC 
 4801 AGAACTTTAA AAGTGCTCAT CATTGGAAAA CGTTCTTCGG GGCGAAAACT CTCAAGGATC TTACCGCTGT TGAGATCCAG TTCGATGTAA CCCACTCGTG 
 4901 CACCCAACTG ATCTTCAGCA TCTTTTACTT TCACCAGCGT TTCTGGGTGA GCAAAAACAG GAAGGCAAAA TGCCGCAAAA AAGGGAATAA GGGCGACACG 
 5001 GAAATGTTGA ATACTCATAC TCTTCCTTTT TCAATATTAT TGAAGCATTT ATCAGGGTTA TTGTCTCATG AGCGGATACA TATTTGAATG TATTTAGAAA 
 5101 AATAAACAAA TAGGGGTTCC GCGCACATTT CCCCGAAAAG TGCCACCTGA CGTCTAAGAA ACCATTATTA TCATGACATT AACCTATAAA AATAGGCGTA 
 5201 TCACGAGGCC CTTTCGT 



 

 

81 

 
pMT/V5-His-TOPO DmSNAP50FMH 
 
    1 TCGCGCGTTT CGGTGATGAC GGTGAAAACC TCTGACACAT GCAGCTCCCG GAGACGGTCA CAGCTTGTCT GTAAGCGGAT GCCGGGAGCA GACAAGCCCG 
  101 TCAGGGCGCG TCAGCGGGTG TTGGCGGGTG TCGGGGCTGG CTTAACTATG CGGCATCAGA GCAGATTGTA CTGAGAGTGC ACCATATGCG GTGTGAAATA 
  201 CCGCACAGAT GCGTAAGGAG AAAATACCGC ATCAGGCGCC ATTCGCCATT CAGGCTGCGC AACTGTTGGG AAGGGCGATC GGTGCGGGCC TCTTCGCTAT 
  301 TACGCCAGCT GGCGAAAGGG GGATGTGCTG CAAGGCGATT AAGTTGGGTA ACGCCAGGGT TTTCCCAGTC ACGACGTTGT AAAACGACGG CCAGTGCCAG 
  401 TGAATTAATT CGTTGCAGGA CAGGATGTGG TGCCCGATGT GACTAGCTCT TTGCTGCAGG CCGTCCTATC CTCTGGTTCC GATAAGAGAC CCAGAACTCC 
  501 GGCCCCCCAC CGCCCACCGC CACCCCCATA CATATGTGGT ACGCAAGTAA GAGTGCCTGC GCATGCCCCA TGTGCCCCAC CAAGAGTTTT GCATCCCATA 
  601 CAAGTCCCCA AAGTGGAGAA CCGAACCAAT TCTTCGCGGG CAGAACAAAA GCTTCTGCAC ACGTCTCCAC TCGAATTTGG AGCCGGCCGG CGTGTGCAAA 
  701 AGAGGTGAAT CGAACGAAAG ACCCGTGTGT AAAGCCGCGT TTCCAAAATG TATAAAACCG AGAGCATCTG GCCAATGTGC ATCAGTTGTG GTCAGCAGCA 
  801 AAATCAAGTG AATCATCTCA GTGCAACTAA AGGGGGGATC TAGATCGGGG TACCTACTAG TCCAGTGTGG TGGAATTGCC CTTGAGAACA TGAACGATTC 
  901 CTCCGATTCG GAGTACGAGG ACACAGAGTA CCTGGTATTT GCGGATTTCA AGAACCACAT TCATCCGCAC CAGCTGAAGC ACGAGGACGC GGCCATTAAG 
 1001 ATCATCGGAA TCGAGAGTGA CACGCCCATG GCCGAGGTAA ATGGAAGCAT TTATCGGGGA CGCTACGAAC ATTCCGTGGG AACCAACGTG TTCTTTGAGA 
 1101 AGGAAAAAGA CAATCTGGCA AGTGATCCGC TTTTTGAGTC AGTGTGTCGC CAGCGGTACC AGTACGTGGA CAAATCCACC AAGGTGATAT CTTTTGAAAG 
 1201 GGTCTACGTG GACAATTTGC ACCAGGAGGT GGAGAAGTCG GCTGAGACTG AAGAGGACGA TCAGACCGAG CCAAAGCCAG AATCTCTGAA GCTAAATATA 
 1301 ACTTACAAGG AGGCTATTAA CAAGTTTGGA GAAGATCATT GAGTGTGGAG AACTGAGTCT AATCCTGAAC AAAAAACACT CTTTCAAGAC ATACCTCTTA 
 1401 GTACCATGGA TACCACCTAT ATTACAACGA ATCCAGCTTT AAGCCTGCGA GACTTTCTAG CCGACTATCA AAAGAAAATA TCCGGTACTG CAGACGAAGT 
          > M  D   T  T  Y   I  T  T   N  P  A  L   S  L  R   D  F  L   A  D  Y  Q   K  K  I   S  G  T   A  D  E  V 
 1501 GCCCTTCTTT CTCCAAAAAA ACCCAGTACT TGTCGACGTG TCTGAAAGCT GTTCCCTGGA CTTGATCGAG TCCCCAGACG ACAGCTCGAT TGCAGTCTTC 
     >  P  F  F   L  Q  K   N  P  V  L   V  D  V   S  E  S   C  S  L  D   L  I  E   S  P  D   D  S  S  I   A  V  F  
 1601 CAGCCCGCCG CAGACAAATG CCGCCCAACC TTTTCTCCGC CGCAGGAGAA CCAGCATGTG CCCTCCACTT TTACTGCTCT AAGCCAGCAC AAGGACAAGT 
     > Q  P  A   A  D  K  C   R  P  T   F  S  P   P  Q  E  N   Q  H  V   P  S  T   F  T  A  L   S  Q  H   K  D  K   
 1701 CCCGTAAGTG TCCCTTTGGC CGCACCCAGT ACAGCCACAA ACTGAATCCG ACGCCGACAG ACTCGCCTAA CCTGCACATC GATGCTTGCG GCGAACTGGA 
     >S  R  K  C   P  F  G   R  T  Q   Y  S  H  K   L  N  P   T  P  T   D  S  P  N   L  H  I   D  A  C   G  E  L  E 
 1801 GCTAACCGTG CGTCTATATC GACCACCGCG GGCCTACCAT CGCGGGTTTA AGGTGGAGAT TCCCGTTTTC GCCGAGGAGT TCGTATGTCT GGGCAGCAAT 
     >  L  T  V   R  L  Y   R  P  P  R   A  Y  H   R  G  F   K  V  E  I   P  V  F   A  E  E   F  V  C  L   G  S  N  
 1901 TATCTGACCG AGCTGCGGGA CAAGATCAGC TGCGTTTGCA ATGGAAAACG GTTTGTCGAC ATCAGCGACG ATCCAGATGC ACCGTTGCCA TCCATTGACA 
     > Y  L  T   E  L  R  D   K  I  S   C  V  C   N  G  K  R   F  V  D   I  S  D   D  P  D  A   P  L  P   S  I  D   
 2001 CAAATCCCGG TTACTTCTTC ATCAACGACA CATTCTACAA CGACCAGCGC AATCCGGACA ATCCCGACTA TTCCAAGACC GTCTTGCAGT GGGCTGCCAG 
     >T  N  P  G   Y  F  F   I  N  D   T  F  Y  N   D  Q  R   N  P  D   N  P  D  Y   S  K  T   V  L  Q   W  A  A  R 
 2101 AGCGAACGGA GTGAACGGAG AAACGCTTAA GGTGGAGAGT ATGGAGGGCA AAAGATTCAT CGATCTCACT GTCAGCCCCG GATCACCGCT ACACTACCTG 
     >  A  N  G   V  N  G   E  T  L  K   V  E  S   M  E  G   K  R  F  I   D  L  T   V  S  P   G  S  P  L   H  Y  L  
 2201 CACCACGGCA ATTGCGAACA CCTGTTTGTG ATCTCCCAGG TAGAGGTGCT AACGCCACTT AGTAAACGGC CAGATCGCAG CCTGTATCCC TATCCTCACG 
     > H  H  G   N  C  E  H   L  F  V   I  S  Q   V  E  V  L   T  P  L   S  K  R   P  D  R  S   L  Y  P   Y  P  H   
 2301 CCTTCAGTAC GTTTAATCGC AGGACTTGCT ATATGTGCGG CATTCGCAGC TATAGCTTCA TCGTGAACCA GTCCCGGCGA CAGCTGCACG ATCCCTCCTA 
     >A  F  S  T   F  N  R   R  T  C   Y  M  C  G   I  R  S   Y  S  F   I  V  N  Q   S  R  R   Q  L  H   D  P  S  Y 
 2401 CCTGTGCCGC AGATGTTTTC TCAGCTTCTT TTACGTGGAT GGTGTCAAGC TGGGCCAGTT CAAAGCCTAT CGCATGTATG ACCATGTAGA GCTGGAGGGC 
     >  L  C  R   R  C  F   L  S  F  F   Y  V  D   G  V  K   L  G  Q  F   K  A  Y   R  M  Y   D  H  V  E   L  E  G  
 2501 GAAGAGGAGG ACATTAAACA GCAAAATCTC CCCTCCAAGG GCAATTCTGC AGATATCCAG CACAGTGGCG GCCGCTCGAG TCTAGAGGGC CCGCGGTTCG 
     > E  E  E   D  I  K  Q   Q  N  L   P  S  K   G  N  S  A   D  I  Q   H  S  G   G  R  S  S   L  E  G   P  R  F   
 2601 ACTACAAGGA TGACGATGAC AAGGGCGAGC AGAAGCTGAT CTCCGAGGAA GATCTGACGC GTACCGGTCA TCATCACCAT CACCATTGAG TTTAAACCCG 
     >D  Y  K  D   D  D  D   K  G  E   Q  K  L  I   S  E  E   D  L  T   R  T  G  H   H  H  H   H  H  
 2701 CTGATCAGCC TCGACTGTGC CTTCTAAGAT CCAGACATGA TAAGATACAT TGATGAGTTT GGACAAACCA CAACTAGAAT GCAGTGAAAA AAATGCTTTA 
 2801 TTTGTGAAAT TTGTGATGCT ATTGCTTTAT TTGTAACCAT TATAAGCTGC AATAAACAAG TTAACAACAA CAATTGCATT CATTTTATGT TTCAGGTTCA 
 2901 GGGGGAGGTG TGGGAGGTTT TTTAAAGCAA GTAAAACCTC TACAAATGTG GTATGGCTGA TTATGATCAG TCGACCTGCA GGCATGCAAG CTTGGCGTAA 
 3001 TCATGGTCAT AGCTGTTTCC TGTGTGAAAT TGTTATCCGC TCACAATTCC ACACAACATA CGAGCCGGAA GCATAAAGTG TAAAGCCTGG GGTGCCTAAT 
 3101 GAGTGAGCTA ACTCACATTA ATTGCGTTGC GCTCACTGCC CGCTTTCCAG TCGGGAAACC TGTCGTGCCA GCTGCATTAA TGAATCGGCC AACGCGCGGG 
 3201 GAGAGGCGGT TTGCGTATTG GGCGCTCTTC CGCTTCCTCG CTCACTGACT CGCTGCGCTC GGTCGTTCGG CTGCGGCGAG CGGTATCAGC TCACTCAAAG 
 3301 GCGGTAATAC GGTTATCCAC AGAATCAGGG GATAACGCAG GAAAGAACAT GTGAGCAAAA GGCCAGCAAA AGGCCAGGAA CCGTAAAAAG GCCGCGTTGC 
 3401 TGGCGTTTTT CCATAGGCTC CGCCCCCCTG ACGAGCATCA CAAAAATCGA CGCTCAAGTC AGAGGTGGCG AAACCCGACA GGACTATAAA GATACCAGGC 
 3501 GTTTCCCCCT GGAAGCTCCC TCGTGCGCTC TCCTGTTCCG ACCCTGCCGC TTACCGGATA CCTGTCCGCC TTTCTCCCTT CGGGAAGCGT GGCGCTTTCT 
 3601 CATAGCTCAC GCTGTAGGTA TCTCAGTTCG GTGTAGGTCG TTCGCTCCAA GCTGGGCTGT GTGCACGAAC CCCCCGTTCA GCCCGACCGC TGCGCCTTAT 
 3701 CCGGTAACTA TCGTCTTGAG TCCAACCCGG TAAGACACGA CTTATCGCCA CTGGCAGCAG CCACTGGTAA CAGGATTAGC AGAGCGAGGT ATGTAGGCGG 
 3801 TGCTACAGAG TTCTTGAAGT GGTGGCCTAA CTACGGCTAC ACTAGAAGGA CAGTATTTGG TATCTGCGCT CTGCTGAAGC CAGTTACCTT CGGAAAAAGA 
 3901 GTTGGTAGCT CTTGATCCGG CAAACAAACC ACCGCTGGTA GCGGTGGTTT TTTTGTTTGC AAGCAGCAGA TTACGCGCAG AAAAAAAGGA TCTCAAGAAG 
 4001 ATCCTTTGAT CTTTTCTACG GGGTCTGACG CTCAGTGGAA CGAAAACTCA CGTTAAGGGA TTTTGGTCAT GAGATTATCA AAAAGGATCT TCACCTAGAT 
 4101 CCTTTTAAAT TAAAAATGAA GTTTTAAATC AATCTAAAGT ATATATGAGT AAACTTGGTC TGACAGTTAC CAATGCTTAA TCAGTGAGGC ACCTATCTCA 
 4201 GCGATCTGTC TATTTCGTTC ATCCATAGTT GCCTGACTCC CCGTCGTGTA GATAACTACG ATACGGGAGG GCTTACCATC TGGCCCCAGT GCTGCAATGA 
 4301 TACCGCGAGA CCCACGCTCA CCGGCTCCAG ATTTATCAGC AATAAACCAG CCAGCCGGAA GGGCCGAGCG CAGAAGTGGT CCTGCAACTT TATCCGCCTC 
 4401 CATCCAGTCT ATTAATTGTT GCCGGGAAGC TAGAGTAAGT AGTTCGCCAG TTAATAGTTT GCGCAACGTT GTTGCCATTG CTACAGGCAT CGTGGTGTCA 
 4501 CGCTCGTCGT TTGGTATGGC TTCATTCAGC TCCGGTTCCC AACGATCAAG GCGAGTTACA TGATCCCCCA TGTTGTGCAA AAAAGCGGTT AGCTCCTTCG 
 4601 GTCCTCCGAT CGTTGTCAGA AGTAAGTTGG CCGCAGTGTT ATCACTCATG GTTATGGCAG CACTGCATAA TTCTCTTACT GTCATGCCAT CCGTAAGATG 
 4701 CTTTTCTGTG ACTGGTGAGT ACTCAACCAA GTCATTCTGA GAATAGTGTA TGCGGCGACC GAGTTGCTCT TGCCCGGCGT CAATACGGGA TAATACCGCG 
 4801 CCACATAGCA GAACTTTAAA AGTGCTCATC ATTGGAAAAC GTTCTTCGGG GCGAAAACTC TCAAGGATCT TACCGCTGTT GAGATCCAGT TCGATGTAAC 
 4901 CCACTCGTGC ACCCAACTGA TCTTCAGCAT CTTTTACTTT CACCAGCGTT TCTGGGTGAG CAAAAACAGG AAGGCAAAAT GCCGCAAAAA AGGGAATAAG 
 5001 GGCGACACGG AAATGTTGAA TACTCATACT CTTCCTTTTT CAATATTATT GAAGCATTTA TCAGGGTTAT TGTCTCATGA GCGGATACAT ATTTGAATGT 
 5101 ATTTAGAAAA ATAAACAAAT AGGGGTTCCG CGCACATTTC CCCGAAAAGT GCCACCTGAC GTCTAAGAAA CCATTATTAT CATGACATTA ACCTATAAAA 
 5201 ATAGGCGTAT CACGAGGCCC TTTCGT 



 

 

82 

 
pMT/V5-His-TOPO DmSNAP50V5His 
 
    1 TCGCGCGTTT CGGTGATGAC GGTGAAAACC TCTGACACAT GCAGCTCCCG GAGACGGTCA CAGCTTGTCT GTAAGCGGAT GCCGGGAGCA GACAAGCCCG 
  101 TCAGGGCGCG TCAGCGGGTG TTGGCGGGTG TCGGGGCTGG CTTAACTATG CGGCATCAGA GCAGATTGTA CTGAGAGTGC ACCATATGCG GTGTGAAATA 
  201 CCGCACAGAT GCGTAAGGAG AAAATACCGC ATCAGGCGCC ATTCGCCATT CAGGCTGCGC AACTGTTGGG AAGGGCGATC GGTGCGGGCC TCTTCGCTAT 
  301 TACGCCAGCT GGCGAAAGGG GGATGTGCTG CAAGGCGATT AAGTTGGGTA ACGCCAGGGT TTTCCCAGTC ACGACGTTGT AAAACGACGG CCAGTGCCAG 
  401 TGAATTAATT CGTTGCAGGA CAGGATGTGG TGCCCGATGT GACTAGCTCT TTGCTGCAGG CCGTCCTATC CTCTGGTTCC GATAAGAGAC CCAGAACTCC 
  501 GGCCCCCCAC CGCCCACCGC CACCCCCATA CATATGTGGT ACGCAAGTAA GAGTGCCTGC GCATGCCCCA TGTGCCCCAC CAAGAGTTTT GCATCCCATA 
  601 CAAGTCCCCA AAGTGGAGAA CCGAACCAAT TCTTCGCGGG CAGAACAAAA GCTTCTGCAC ACGTCTCCAC TCGAATTTGG AGCCGGCCGG CGTGTGCAAA 
  701 AGAGGTGAAT CGAACGAAAG ACCCGTGTGT AAAGCCGCGT TTCCAAAATG TATAAAACCG AGAGCATCTG GCCAATGTGC ATCAGTTGTG GTCAGCAGCA 
  801 AAATCAAGTG AATCATCTCA GTGCAACTAA AGGGGGGATC TAGATCGGGG TACCTACTAG TCCAGTGTGG TGGAATTGCC CTTGAGAACA TGAACGATTC 
  901 CTCCGATTCG GAGTACGAGG ACACAGAGTA CCTGGTATTT GCGGATTTCA AGAACCACAT TCATCCGCAC CAGCTGAAGC ACGAGGACGC GGCCATTAAG 
 1001 ATCATCGGAA TCGAGAGTGA CACGCCCATG GCCGAGGTAA ATGGAAGCAT TTATCGGGGA CGCTACGAAC ATTCCGTGGG AACCAACGTG TTCTTTGAGA 
 1101 AGGAAAAAGA CAATCTGGCA AGTGATCCGC TTTTTGAGTC AGTGTGTCGC CAGCGGTACC AGTACGTGGA CAAATCCACC AAGGTGATAT CTTTTGAAAG 
 1201 GGTCTACGTG GACAATTTGC ACCAGGAGGT GGAGAAGTCG GCTGAGACTG AAGAGGACGA TCAGACCGAG CCAAAGCCAG AATCTCTGAA GCTAAATATA 
 1301 ACTTACAAGG AGGCTATTAA CAAGTTTGGA GAAGATCATT GAGTGTGGAG AACTGAGTCT AATCCTGAAC AAAAAACACT CTTTCAAGAC ATACCTCTTA 
 1401 GTACCATGGA TACCACCTAT ATTACAACGA ATCCAGCTTT AAGCCTGCGA GACTTTCTAG CCGACTATCA AAAGAAAATA TCCGGTACTG CAGACGAAGT 
          > M  D   T  T  Y   I  T  T   N  P  A  L   S  L  R   D  F  L   A  D  Y  Q   K  K  I   S  G  T   A  D  E  V 
 1501 GCCCTTCTTT CTCCAAAAAA ACCCAGTACT TGTCGACGTG TCTGAAAGCT GTTCCCTGGA CTTGATCGAG TCCCCAGACG ACAGCTCGAT TGCAGTCTTC 
     >  P  F  F   L  Q  K   N  P  V  L   V  D  V   S  E  S   C  S  L  D   L  I  E   S  P  D   D  S  S  I   A  V  F  
 1601 CAGCCCGCCG CAGACAAATG CCGCCCAACC TTTTCTCCGC CGCAGGAGAA CCAGCATGTG CCCTCCACTT TTACTGCTCT AAGCCAGCAC AAGGACAAGT 
     > Q  P  A   A  D  K  C   R  P  T   F  S  P   P  Q  E  N   Q  H  V   P  S  T   F  T  A  L   S  Q  H   K  D  K   
 1701 CCCGTAAGTG TCCCTTTGGC CGCACCCAGT ACAGCCACAA ACTGAATCCG ACGCCGACAG ACTCGCCTAA CCTGCACATC GATGCTTGCG GCGAACTGGA 
     >S  R  K  C   P  F  G   R  T  Q   Y  S  H  K   L  N  P   T  P  T   D  S  P  N   L  H  I   D  A  C   G  E  L  E 
 1801 GCTAACCGTG CGTCTATATC GACCACCGCG GGCCTACCAT CGCGGGTTTA AGGTGGAGAT TCCCGTTTTC GCCGAGGAGT TCGTATGTCT GGGCAGCAAT 
     >  L  T  V   R  L  Y   R  P  P  R   A  Y  H   R  G  F   K  V  E  I   P  V  F   A  E  E   F  V  C  L   G  S  N  
 1901 TATCTGACCG AGCTGCGGGA CAAGATCAGC TGCGTTTGCA ATGGAAAACG GTTTGTCGAC ATCAGCGACG ATCCAGATGC ACCGTTGCCA TCCATTGACA 
     > Y  L  T   E  L  R  D   K  I  S   C  V  C   N  G  K  R   F  V  D   I  S  D   D  P  D  A   P  L  P   S  I  D   
 2001 CAAATCCCGG TTACTTCTTC ATCAACGACA CATTCTACAA CGACCAGCGC AATCCGGACA ATCCCGACTA TTCCAAGACC GTCTTGCAGT GGGCTGCCAG 
     >T  N  P  G   Y  F  F   I  N  D   T  F  Y  N   D  Q  R   N  P  D   N  P  D  Y   S  K  T   V  L  Q   W  A  A  R 
 2101 AGCGAACGGA GTGAACGGAG AAACGCTTAA GGTGGAGAGT ATGGAGGGCA AAAGATTCAT CGATCTCACT GTCAGCCCCG GATCACCGCT ACACTACCTG 
     >  A  N  G   V  N  G   E  T  L  K   V  E  S   M  E  G   K  R  F  I   D  L  T   V  S  P   G  S  P  L   H  Y  L  
 2201 CACCACGGCA ATTGCGAACA CCTGTTTGTG ATCTCCCAGG TAGAGGTGCT AACGCCACTT AGTAAACGGC CAGATCGCAG CCTGTATCCC TATCCTCACG 
     > H  H  G   N  C  E  H   L  F  V   I  S  Q   V  E  V  L   T  P  L   S  K  R   P  D  R  S   L  Y  P   Y  P  H   
 2301 CCTTCAGTAC GTTTAATCGC AGGACTTGCT ATATGTGCGG CATTCGCAGC TATAGCTTCA TCGTGAACCA GTCCCGGCGA CAGCTGCACG ATCCCTCCTA 
     >A  F  S  T   F  N  R   R  T  C   Y  M  C  G   I  R  S   Y  S  F   I  V  N  Q   S  R  R   Q  L  H   D  P  S  Y 
 2401 CCTGTGCCGC AGATGTTTTC TCAGCTTCTT TTACGTGGAT GGTGTCAAGC TGGGCCAGTT CAAAGCCTAT CGCATGTATG ACCATGTAGA GCTGGAGGGC 
     >  L  C  R   R  C  F   L  S  F  F   Y  V  D   G  V  K   L  G  Q  F   K  A  Y   R  M  Y   D  H  V  E   L  E  G  
 2501 GAAGAGGAGG ACATTAAACA GCAAAATCTC CCCTCCAAGG GCAATTCTGC AGATATCCAG CACAGTGGCG GCCGCTCGAG TCTAGAGGGC CCGCGGTTCG 
     > E  E  E   D  I  K  Q   Q  N  L   P  S  K   G  N  S  A   D  I  Q   H  S  G   G  R  S  S   L  E  G   P  R  F   
 2601 AAGGTAAGCC TATCCCTAAC CCTCTCCTCG GTCTCGATTC TACGCGTACC GGTCATCATC ACCATCACCA TTGAGTTTAA ACCCGCTGAT CAGCCTCGAC 
     >E  G  K  P   I  P  N   P  L  L   G  L  D  S   T  R  T   G  H  H   H  H  H  H   
 2701 TGTGCCTTCT AAGATCCAGA CATGATAAGA TACATTGATG AGTTTGGACA AACCACAACT AGAATGCAGT GAAAAAAATG CTTTATTTGT GAAATTTGTG 
 2801 ATGCTATTGC TTTATTTGTA ACCATTATAA GCTGCAATAA ACAAGTTAAC AACAACAATT GCATTCATTT TATGTTTCAG GTTCAGGGGG AGGTGTGGGA 
 2901 GGTTTTTTAA AGCAAGTAAA ACCTCTACAA ATGTGGTATG GCTGATTATG ATCAGTCGAC CTGCAGGCAT GCAAGCTTGG CGTAATCATG GTCATAGCTG 
 3001 TTTCCTGTGT GAAATTGTTA TCCGCTCACA ATTCCACACA ACATACGAGC CGGAAGCATA AAGTGTAAAG CCTGGGGTGC CTAATGAGTG AGCTAACTCA 
 3101 CATTAATTGC GTTGCGCTCA CTGCCCGCTT TCCAGTCGGG AAACCTGTCG TGCCAGCTGC ATTAATGAAT CGGCCAACGC GCGGGGAGAG GCGGTTTGCG 
 3201 TATTGGGCGC TCTTCCGCTT CCTCGCTCAC TGACTCGCTG CGCTCGGTCG TTCGGCTGCG GCGAGCGGTA TCAGCTCACT CAAAGGCGGT AATACGGTTA 
 3301 TCCACAGAAT CAGGGGATAA CGCAGGAAAG AACATGTGAG CAAAAGGCCA GCAAAAGGCC AGGAACCGTA AAAAGGCCGC GTTGCTGGCG TTTTTCCATA 
 3401 GGCTCCGCCC CCCTGACGAG CATCACAAAA ATCGACGCTC AAGTCAGAGG TGGCGAAACC CGACAGGACT ATAAAGATAC CAGGCGTTTC CCCCTGGAAG 
 3501 CTCCCTCGTG CGCTCTCCTG TTCCGACCCT GCCGCTTACC GGATACCTGT CCGCCTTTCT CCCTTCGGGA AGCGTGGCGC TTTCTCATAG CTCACGCTGT 
 3601 AGGTATCTCA GTTCGGTGTA GGTCGTTCGC TCCAAGCTGG GCTGTGTGCA CGAACCCCCC GTTCAGCCCG ACCGCTGCGC CTTATCCGGT AACTATCGTC 
 3701 TTGAGTCCAA CCCGGTAAGA CACGACTTAT CGCCACTGGC AGCAGCCACT GGTAACAGGA TTAGCAGAGC GAGGTATGTA GGCGGTGCTA CAGAGTTCTT 
 3801 GAAGTGGTGG CCTAACTACG GCTACACTAG AAGGACAGTA TTTGGTATCT GCGCTCTGCT GAAGCCAGTT ACCTTCGGAA AAAGAGTTGG TAGCTCTTGA 
 3901 TCCGGCAAAC AAACCACCGC TGGTAGCGGT GGTTTTTTTG TTTGCAAGCA GCAGATTACG CGCAGAAAAA AAGGATCTCA AGAAGATCCT TTGATCTTTT 
 4001 CTACGGGGTC TGACGCTCAG TGGAACGAAA ACTCACGTTA AGGGATTTTG GTCATGAGAT TATCAAAAAG GATCTTCACC TAGATCCTTT TAAATTAAAA 
 4101 ATGAAGTTTT AAATCAATCT AAAGTATATA TGAGTAAACT TGGTCTGACA GTTACCAATG CTTAATCAGT GAGGCACCTA TCTCAGCGAT CTGTCTATTT 
 4201 CGTTCATCCA TAGTTGCCTG ACTCCCCGTC GTGTAGATAA CTACGATACG GGAGGGCTTA CCATCTGGCC CCAGTGCTGC AATGATACCG CGAGACCCAC 
 4301 GCTCACCGGC TCCAGATTTA TCAGCAATAA ACCAGCCAGC CGGAAGGGCC GAGCGCAGAA GTGGTCCTGC AACTTTATCC GCCTCCATCC AGTCTATTAA 
 4401 TTGTTGCCGG GAAGCTAGAG TAAGTAGTTC GCCAGTTAAT AGTTTGCGCA ACGTTGTTGC CATTGCTACA GGCATCGTGG TGTCACGCTC GTCGTTTGGT 
 4501 ATGGCTTCAT TCAGCTCCGG TTCCCAACGA TCAAGGCGAG TTACATGATC CCCCATGTTG TGCAAAAAAG CGGTTAGCTC CTTCGGTCCT CCGATCGTTG 
 4601 TCAGAAGTAA GTTGGCCGCA GTGTTATCAC TCATGGTTAT GGCAGCACTG CATAATTCTC TTACTGTCAT GCCATCCGTA AGATGCTTTT CTGTGACTGG 
 4701 TGAGTACTCA ACCAAGTCAT TCTGAGAATA GTGTATGCGG CGACCGAGTT GCTCTTGCCC GGCGTCAATA CGGGATAATA CCGCGCCACA TAGCAGAACT 
 4801 TTAAAAGTGC TCATCATTGG AAAACGTTCT TCGGGGCGAA AACTCTCAAG GATCTTACCG CTGTTGAGAT CCAGTTCGAT GTAACCCACT CGTGCACCCA 
 4901 ACTGATCTTC AGCATCTTTT ACTTTCACCA GCGTTTCTGG GTGAGCAAAA ACAGGAAGGC AAAATGCCGC AAAAAAGGGA ATAAGGGCGA CACGGAAATG 
 5001 TTGAATACTC ATACTCTTCC TTTTTCAATA TTATTGAAGC ATTTATCAGG GTTATTGTCT CATGAGCGGA TACATATTTG AATGTATTTA GAAAAATAAA 
 5101 CAAATAGGGG TTCCGCGCAC ATTTCCCCGA AAAGTGCCAC CTGACGTCTA AGAAACCATT ATTATCATGA CATTAACCTA TAAAAATAGG CGTATCACGA 
 5201 GGCCCTTTCG T 



 

 

83 

 
pMT/V5-His-TOPO DmSNAP190STOP 
 
    1 TCGCGCGTTT CGGTGATGAC GGTGAAAACC TCTGACACAT GCAGCTCCCG GAGACGGTCA CAGCTTGTCT GTAAGCGGAT GCCGGGAGCA GACAAGCCCG 
  101 TCAGGGCGCG TCAGCGGGTG TTGGCGGGTG TCGGGGCTGG CTTAACTATG CGGCATCAGA GCAGATTGTA CTGAGAGTGC ACCATATGCG GTGTGAAATA 
  201 CCGCACAGAT GCGTAAGGAG AAAATACCGC ATCAGGCGCC ATTCGCCATT CAGGCTGCGC AACTGTTGGG AAGGGCGATC GGTGCGGGCC TCTTCGCTAT 
  301 TACGCCAGCT GGCGAAAGGG GGATGTGCTG CAAGGCGATT AAGTTGGGTA ACGCCAGGGT TTTCCCAGTC ACGACGTTGT AAAACGACGG CCAGTGCCAG 
  401 TGAATTAATT CGTTGCAGGA CAGGATGTGG TGCCCGATGT GACTAGCTCT TTGCTGCAGG CCGTCCTATC CTCTGGTTCC GATAAGAGAC CCAGAACTCC 
  501 GGCCCCCCAC CGCCCACCGC CACCCCCATA CATATGTGGT ACGCAAGTAA GAGTGCCTGC GCATGCCCCA TGTGCCCCAC CAAGAGTTTT GCATCCCATA 
  601 CAAGTCCCCA AAGTGGAGAA CCGAACCAAT TCTTCGCGGG CAGAACAAAA GCTTCTGCAC ACGTCTCCAC TCGAATTTGG AGCCGGCCGG CGTGTGCAAA 
  701 AGAGGTGAAT CGAACGAAAG ACCCGTGTGT AAAGCCGCGT TTCCAAAATG TATAAAACCG AGAGCATCTG GCCAATGTGC ATCAGTTGTG GTCAGCAGCA 
  801 AAATCAAGTG AATCATCTCA GTGCAACTAA AGGGGGGATC TAGATCGGGG TACCTACTAG TCCAGTGTGG TGGAATTGCC CTTCAACCTG AGCAATGGAC 
                                                                                                            > M  D  
  901 GATGCCGATG ATCTGCGCAT AAACCAGCAG CAGCTTATGG ACGAGATTTC GGCCCTCTTG CAGAACACAG CGAAGCCGAG CGCCGCCAAC GCACTGCAGC 
     > D  A  D   D  L  R  I   N  Q  Q   Q  L  M   D  E  I  S   A  L  L   Q  N  T   A  K  P  S   A  A  N   A  L  Q   
 1001 TGAATCAGGA GCTCCAGCGC CGGCTCATGC AAGTCCGGAC CAAAATTCTG GCCATGTTAC AAGTAGTAAG GGCCCGCTTC TCTCGGAACG AGGACATCCT 
     >L  N  Q  E   L  Q  R   R  L  M   Q  V  R  T   K  I  L   A  M  L   Q  V  V  R   A  R  F   S  R  N   E  D  I  L 
 1101 GGTGCGCCGG CTGCGACCTC GTTCCCATTT CGGCCCGAAT TCCCTCAATC TTAGCGGGGC GATCCTGCGG AAGGGCACGT TTCGCTTCAA GGGCAACCTG 
     >  V  R  R   L  R  P   R  S  H  F   G  P  N   S  L  N   L  S  G  A   I  L  R   K  G  T   F  R  F  K   G  N  L  
 1201 TTTTTCCGAG ACATCGATGG TCGAAGCTGT CCTAACAACG AGGATTACGA GGCGCGGTGC CACACGGAGA TGTTTCCCAC CGACTTTGAC ATGCACTCCA 
     > F  F  R   D  I  D  G   R  S  C   P  N  N   E  D  Y  E   A  R  C   H  T  E   M  F  P  T   D  F  D   M  H  S   
 1301 GACATGTATG GACATTGCTA GACAAAAAGA ATGTGATAAT GGGTATAAAA CAACAGTTAC TGGAGCATAG GGCCCACAGT ACGAATGCGC TGCCCAGCGG 
     >R  H  V  W   T  L  L   D  K  K   N  V  I  M   G  I  K   Q  Q  L   L  E  H  R   A  H  S   T  N  A   L  P  S  G 
 1401 AAGCCTGAAG CGCAAGCCAA TCGAGCGACA CTTAAGTACA CTGGTAAGTC TGCTGGCAAC TGCGGATAGT AGCTTCAGCA TCGACTGGAA CCAGATCAGC 
     >  S  L  K   R  K  P   I  E  R  H   L  S  T   L  V  S   L  L  A  T   A  D  S   S  F  S   I  D  W  N   Q  I  S  
 1501 ACCCTGGACT TGGAATATCG GCACTCACCA TATAGCTGTG AGGCAATGTG GAGGGTCTAC TTAACACCAG ATCTCAGGCG AGACGATTGG TCACCCGAGG 
     > T  L  D   L  E  Y  R   H  S  P   Y  S  C   E  A  M  W   R  V  Y   L  T  P   D  L  R  R   D  D  W   S  P  E   
 1601 AGGACGAAAC TTTACTGGCG GTGGCCACTG CGAACAGGAT GCAGAACTGG GAGTTGATAG CCGCGTCGCT AGACCGACGT TCCGACTATC AGTGCTTCGT 
     >E  D  E  T   L  L  A   V  A  T   A  N  R  M   Q  N  W   E  L  I   A  A  S  L   D  R  R   S  D  Y   Q  C  F  V 
 1701 ACGCTTTCAT ACCGCCCTAC GTTTTCTGCT GGAGCCAAAG AACAGCCACC GCTGGAGCGA AGAGGACAAC GATAAACTAA GGGCGATCGT TGATAGGAAT 
     >  R  F  H   T  A  L   R  F  L  L   E  P  K   N  S  H   R  W  S  E   E  D  N   D  K  L   R  A  I  V   D  R  N  
 1801 ACGGCAAACA GTGTAATAAA CTGGAAAAAA GTCGTGGAAT ACTTCCCGGA CAAGTCCAAA TCAACGCTGA TTGGTCGTTA CTACTACGTG TTGCATCCTA 
     > T  A  N   S  V  I  N   W  K  K   V  V  E   Y  F  P  D   K  S  K   S  T  L   I  G  R  Y   Y  Y  V   L  H  P   
 1901 GCATCAGTCA CGAACCCTTC ACTACCAAGG AGGACATGAT GCTGTTCGCC GCCGTTGAAG AGTACAATGG AAAGTTTCAC TGTTTTCCGC GTTCTCTTTT 
     >S  I  S  H   E  P  F   T  T  K   E  D  M  M   L  F  A   A  V  E   E  Y  N  G   K  F  H   C  F  P   R  S  L  F 
 2001 CCCAAACCGG TCGTTAACCC AACTCCGAAC TCGCTACCAC AATGTACTGG CACAACGCAA CAAGACCGAC TCCTGGTCCG TTCAGGACGA CACACGGCTG 
     >  P  N  R   S  L  T   Q  L  R  T   R  Y  H   N  V  L   A  Q  R  N   K  T  D   S  W  S   V  Q  D  D   T  R  L  
 2101 ATGAGCTTCG TAACGCAATA CGGGGCTTCC CAGTGGCTTA ACTGTGCCAC GTTCTTGGGC AATCACACGC GGACCAGCTG TCGAACCCGC TTCCTAGTCA 
     > M  S  F   V  T  Q  Y   G  A  S   Q  W  L   N  C  A  T   F  L  G   N  H  T   R  T  S  C   R  T  R   F  L  V   
 2201 TCAAGAAATT CCTTGAACAA AATCCCAATG CAAAAGTGGA AGACCTGCCA CGCCGCCGAT CGAAGAAGGT GTCCTTGGTT AACTCTGATA ACTGGGCGCA 
     >I  K  K  F   L  E  Q   N  P  N   A  K  V  E   D  L  P   R  R  R   S  K  K  V   S  L  V   N  S  D   N  W  A  Q 
 2301 GCGTTTGCAA GAGTGGCAAG AGGACCCAGA GTCATTAGTT AATGATAACC CCCCGAAAGG AACTCGGGTG CGCGGTCCCA AATCGAAAAA GGCTAGGATC 
     >  R  L  Q   E  W  Q   E  D  P  E   S  L  V   N  D  N   P  P  K  G   T  R  V   R  G  P   K  S  K  K   A  R  I  
 2401 GAGCGACAGG CAGAGAGTTT CTCAAGACTT TCGAAAGTTG ATATAGAGTT CTGCAACTTC TTTAAGTTTA GTTATAATCT GACGCTGAGC ACTCCAAAAA 
     > E  R  Q   A  E  S  F   S  R  L   S  K  V   D  I  E  F   C  N  F   F  K  F   S  Y  N  L   T  L  S   T  P  K   
 2501 CTTTTCCAGT TCCAAAAGAC GTTTATAACC TTGCCTACGT GATCAGAGCT CTTGCATATA AGCCACCAAT TCGACCCTCG CTCTTACAAA ACATATTTAT 
     >T  F  P  V   P  K  D   V  Y  N   L  A  Y  V   I  R  A   L  A  Y   K  P  P  I   R  P  S   L  L  Q   N  I  F  M 
 2601 GCCAAATGAT GTGCTTAAGT GCTACAACAG CATGATCCGA AACCTTCCGG ACGAGGAAGG TGATATGAAG AGCCCACTTT TGCCACCCAA CTGGTCAACT 
     >  P  N  D   V  L  K   C  Y  N  S   M  I  R   N  L  P   D  E  E  G   D  M  K   S  P  L   L  P  P  N   W  S  T  
 2701 ATGATGGGGT TTCGAGCCTT ATGCATTCTT TCCGGAGATT GTCGCAAGGA TACGGAAACA CGTAGCTTCG AATACAATGA ATCTTTACCA CCCATCCAGC 
     > M  M  G   F  R  A  L   C  I  L   S  G  D   C  R  K  D   T  E  T   R  S  F   E  Y  N  E   S  L  P   P  I  Q   
 2801 TTTTCCGCAA GCGGTTGCAA GCTCTTTTCT ATCGTACCAC TCTTCTCAGC CGCTTGGAAT CACAACTCTT TACGGACTTA CCATCAGCAT TAGTTTCTTT 
     >L  F  R  K   R  L  Q   A  L  F   Y  R  T  T   L  L  S   R  L  E   S  Q  L  F   T  D  L   P  S  A   L  V  S  L 
 2901 ACCACGCCCC AAACACGATT ATGCAAAAAT GGGTACACAT GTTGAATTAA TCGATCCAGA GCCGGCACCA CAGAATGATC TAAAATCCGA GCCGCTTAGC 
     >  P  R  P   K  H  D   Y  A  K  M   G  T  H   V  E  L   I  D  P  E   P  A  P   Q  N  D   L  K  S  E   P  L  S  
 3001 GAGAATGAAG TGATTAATAC AGTCAAGCAG GAATTGGAAA TGGAATATAC AGTCCCAAAG GGCAATTCTG CAGATATCCA GCACAGTGGC GGCCGCTCGA 
     > E  N  E   V  I  N  T   V  K  Q   E  L  E   M  E  Y  T   V  P  K   G  N  S   A  D  I  Q   H  S  G   G  R  S   
 3101 GTCTAGAGGG CCCGCGGTTC GAAGGTAAGC CTATCCCTAA CCCTCTCCTC GGTCTCGATT CTACGTAGAA GGGCAATTCT GCAGATATCC AGCACAGTGG 
     >S  L  E  G   P  R  F   E  G  K   P  I  P  N   P  L  L   G  L  D   S  T  
 3201 CGGCCGCTCG AGTCTAGAGG GCCCGCGGTT CGAAGGTAAG CCTATCCCTA ACCCTCTCCT CGGTCTCGAT TCTACGCGTA CCGGTCATCA TCACCATCAC 
 3301 CATTGAGTTT AAACCCGCTG ATCAGCCTCG ACTGTGCCTT CTAAGATCCA GACATGATAA GATACATTGA TGAGTTTGGA CAAACCACAA CTAGAATGCA 
 3401 GTGAAAAAAA TGCTTTATTT GTGAAATTTG TGATGCTATT GCTTTATTTG TAACCATTAT AAGCTGCAAT AAACAAGTTA ACAACAACAA TTGCATTCAT 
 3501 TTTATGTTTC AGGTTCAGGG GGAGGTGTGG GAGGTTTTTT AAAGCAAGTA AAACCTCTAC AAATGTGGTA TGGCTGATTA TGATCAGTCG ACCTGCAGGC 
 3601 ATGCAAGCTT GGCGTAATCA TGGTCATAGC TGTTTCCTGT GTGAAATTGT TATCCGCTCA CAATTCCACA CAACATACGA GCCGGAAGCA TAAAGTGTAA 
 3701 AGCCTGGGGT GCCTAATGAG TGAGCTAACT CACATTAATT GCGTTGCGCT CACTGCCCGC TTTCCAGTCG GGAAACCTGT CGTGCCAGCT GCATTAATGA 
 3801 ATCGGCCAAC GCGCGGGGAG AGGCGGTTTG CGTATTGGGC GCTCTTCCGC TTCCTCGCTC ACTGACTCGC TGCGCTCGGT CGTTCGGCTG CGGCGAGCGG 
 3901 TATCAGCTCA CTCAAAGGCG GTAATACGGT TATCCACAGA ATCAGGGGAT AACGCAGGAA AGAACATGTG AGCAAAAGGC CAGCAAAAGG CCAGGAACCG 
 4001 TAAAAAGGCC GCGTTGCTGG CGTTTTTCCA TAGGCTCCGC CCCCCTGACG AGCATCACAA AAATCGACGC TCAAGTCAGA GGTGGCGAAA CCCGACAGGA 
 4101 CTATAAAGAT ACCAGGCGTT TCCCCCTGGA AGCTCCCTCG TGCGCTCTCC TGTTCCGACC CTGCCGCTTA CCGGATACCT GTCCGCCTTT CTCCCTTCGG 
 4201 GAAGCGTGGC GCTTTCTCAT AGCTCACGCT GTAGGTATCT CAGTTCGGTG TAGGTCGTTC GCTCCAAGCT GGGCTGTGTG CACGAACCCC CCGTTCAGCC 
 4301 CGACCGCTGC GCCTTATCCG GTAACTATCG TCTTGAGTCC AACCCGGTAA GACACGACTT ATCGCCACTG GCAGCAGCCA CTGGTAACAG GATTAGCAGA 
 4401 GCGAGGTATG TAGGCGGTGC TACAGAGTTC TTGAAGTGGT GGCCTAACTA CGGCTACACT AGAAGGACAG TATTTGGTAT CTGCGCTCTG CTGAAGCCAG 
 4501 TTACCTTCGG AAAAAGAGTT GGTAGCTCTT GATCCGGCAA ACAAACCACC GCTGGTAGCG GTGGTTTTTT TGTTTGCAAG CAGCAGATTA CGCGCAGAAA 
 4601 AAAAGGATCT CAAGAAGATC CTTTGATCTT TTCTACGGGG TCTGACGCTC AGTGGAACGA AAACTCACGT TAAGGGATTT TGGTCATGAG ATTATCAAAA 
 4701 AGGATCTTCA CCTAGATCCT TTTAAATTAA AAATGAAGTT TTAAATCAAT CTAAAGTATA TATGAGTAAA CTTGGTCTGA CAGTTACCAA TGCTTAATCA 
 4801 GTGAGGCACC TATCTCAGCG ATCTGTCTAT TTCGTTCATC CATAGTTGCC TGACTCCCCG TCGTGTAGAT AACTACGATA CGGGAGGGCT TACCATCTGG 
 4901 CCCCAGTGCT GCAATGATAC CGCGAGACCC ACGCTCACCG GCTCCAGATT TATCAGCAAT AAACCAGCCA GCCGGAAGGG CCGAGCGCAG AAGTGGTCCT 
 5001 GCAACTTTAT CCGCCTCCAT CCAGTCTATT AATTGTTGCC GGGAAGCTAG AGTAAGTAGT TCGCCAGTTA ATAGTTTGCG CAACGTTGTT GCCATTGCTA 
 5101 CAGGCATCGT GGTGTCACGC TCGTCGTTTG GTATGGCTTC ATTCAGCTCC GGTTCCCAAC GATCAAGGCG AGTTACATGA TCCCCCATGT TGTGCAAAAA 
 5201 AGCGGTTAGC TCCTTCGGTC CTCCGATCGT TGTCAGAAGT AAGTTGGCCG CAGTGTTATC ACTCATGGTT ATGGCAGCAC TGCATAATTC TCTTACTGTC 
 5301 ATGCCATCCG TAAGATGCTT TTCTGTGACT GGTGAGTACT CAACCAAGTC ATTCTGAGAA TAGTGTATGC GGCGACCGAG TTGCTCTTGC CCGGCGTCAA 
 5401 TACGGGATAA TACCGCGCCA CATAGCAGAA CTTTAAAAGT GCTCATCATT GGAAAACGTT CTTCGGGGCG AAAACTCTCA AGGATCTTAC CGCTGTTGAG 
 5501 ATCCAGTTCG ATGTAACCCA CTCGTGCACC CAACTGATCT TCAGCATCTT TTACTTTCAC CAGCGTTTCT GGGTGAGCAA AAACAGGAAG GCAAAATGCC 
 5601 GCAAAAAAGG GAATAAGGGC GACACGGAAA TGTTGAATAC TCATACTCTT CCTTTTTCAA TATTATTGAA GCATTTATCA GGGTTATTGT CTCATGAGCG 
 5701 GATACATATT TGAATGTATT TAGAAAAATA AACAAATAGG GGTTCCGCGC ACATTTCCCC GAAAAGTGCC ACCTGACGTC TAAGAAACCA TTATTATCAT 
 5801 GACATTAACC TATAAAAATA GGCGTATCAC GAGGCCCTTT CGT 



 

 

84 

 
pMT/V5-His-TOPO DmSNAP190FMH 
 
    1 TCGCGCGTTT CGGTGATGAC GGTGAAAACC TCTGACACAT GCAGCTCCCG GAGACGGTCA CAGCTTGTCT GTAAGCGGAT GCCGGGAGCA GACAAGCCCG 
  101 TCAGGGCGCG TCAGCGGGTG TTGGCGGGTG TCGGGGCTGG CTTAACTATG CGGCATCAGA GCAGATTGTA CTGAGAGTGC ACCATATGCG GTGTGAAATA 
  201 CCGCACAGAT GCGTAAGGAG AAAATACCGC ATCAGGCGCC ATTCGCCATT CAGGCTGCGC AACTGTTGGG AAGGGCGATC GGTGCGGGCC TCTTCGCTAT 
  301 TACGCCAGCT GGCGAAAGGG GGATGTGCTG CAAGGCGATT AAGTTGGGTA ACGCCAGGGT TTTCCCAGTC ACGACGTTGT AAAACGACGG CCAGTGCCAG 
  401 TGAATTAATT CGTTGCAGGA CAGGATGTGG TGCCCGATGT GACTAGCTCT TTGCTGCAGG CCGTCCTATC CTCTGGTTCC GATAAGAGAC CCAGAACTCC 
  501 GGCCCCCCAC CGCCCACCGC CACCCCCATA CATATGTGGT ACGCAAGTAA GAGTGCCTGC GCATGCCCCA TGTGCCCCAC CAAGAGTTTT GCATCCCATA 
  601 CAAGTCCCCA AAGTGGAGAA CCGAACCAAT TCTTCGCGGG CAGAACAAAA GCTTCTGCAC ACGTCTCCAC TCGAATTTGG AGCCGGCCGG CGTGTGCAAA 
  701 AGAGGTGAAT CGAACGAAAG ACCCGTGTGT AAAGCCGCGT TTCCAAAATG TATAAAACCG AGAGCATCTG GCCAATGTGC ATCAGTTGTG GTCAGCAGCA 
  801 AAATCAAGTG AATCATCTCA GTGCAACTAA AGGGGGGATC TAGATCGGGG TACCTACTAG TCCAGTGTGG TGGAATTGCC CTTCAACCTG AGCAATGGAC 
                                                                                                            > M  D  
  901 GATGCCGATG ATCTGCGCAT AAACCAGCAG CAGCTTATGG ACGAGATTTC GGCCCTCTTG CAGAACACAG CGAAGCCGAG CGCCGCCAAC GCACTGCAGC 
     > D  A  D   D  L  R  I   N  Q  Q   Q  L  M   D  E  I  S   A  L  L   Q  N  T   A  K  P  S   A  A  N   A  L  Q   
 1001 TGAATCAGGA GCTCCAGCGC CGGCTCATGC AAGTCCGGAC CAAAATTCTG GCCATGTTAC AAGTAGTAAG GGCCCGCTTC TCTCGGAACG AGGACATCCT 
     >L  N  Q  E   L  Q  R   R  L  M   Q  V  R  T   K  I  L   A  M  L   Q  V  V  R   A  R  F   S  R  N   E  D  I  L 
 1101 GGTGCGCCGG CTGCGACCTC GTTCCCATTT CGGCCCGAAT TCCCTCAATC TTAGCGGGGC GATCCTGCGG AAGGGCACGT TTCGCTTCAA GGGCAACCTG 
     >  V  R  R   L  R  P   R  S  H  F   G  P  N   S  L  N   L  S  G  A   I  L  R   K  G  T   F  R  F  K   G  N  L  
 1201 TTTTTCCGAG ACATCGATGG TCGAAGCTGT CCTAACAACG AGGATTACGA GGCGCGGTGC CACACGGAGA TGTTTCCCAC CGACTTTGAC ATGCACTCCA 
     > F  F  R   D  I  D  G   R  S  C   P  N  N   E  D  Y  E   A  R  C   H  T  E   M  F  P  T   D  F  D   M  H  S   
 1301 GACATGTATG GACATTGCTA GACAAAAAGA ATGTGATAAT GGGTATAAAA CAACAGTTAC TGGAGCATAG GGCCCACAGT ACGAATGCGC TGCCCAGCGG 
     >R  H  V  W   T  L  L   D  K  K   N  V  I  M   G  I  K   Q  Q  L   L  E  H  R   A  H  S   T  N  A   L  P  S  G 
 1401 AAGCCTGAAG CGCAAGCCAA TCGAGCGACA CTTAAGTACA CTGGTAAGTC TGCTGGCAAC TGCGGATAGT AGCTTCAGCA TCGACTGGAA CCAGATCAGC 
     >  S  L  K   R  K  P   I  E  R  H   L  S  T   L  V  S   L  L  A  T   A  D  S   S  F  S   I  D  W  N   Q  I  S  
 1501 ACCCTGGACT TGGAATATCG GCACTCACCA TATAGCTGTG AGGCAATGTG GAGGGTCTAC TTAACACCAG ATCTCAGGCG AGACGATTGG TCACCCGAGG 
     > T  L  D   L  E  Y  R   H  S  P   Y  S  C   E  A  M  W   R  V  Y   L  T  P   D  L  R  R   D  D  W   S  P  E   
 1601 AGGACGAAAC TTTACTGGCG GTGGCCACTG CGAACAGGAT GCAGAACTGG GAGTTGATAG CCGCGTCGCT AGACCGACGT TCCGACTATC AGTGCTTCGT 
     >E  D  E  T   L  L  A   V  A  T   A  N  R  M   Q  N  W   E  L  I   A  A  S  L   D  R  R   S  D  Y   Q  C  F  V 
 1701 ACGCTTTCAT ACCGCCCTAC GTTTTCTGCT GGAGCCAAAG AACAGCCACC GCTGGAGCGA AGAGGACAAC GATAAACTAA GGGCGATCGT TGATAGGAAT 
     >  R  F  H   T  A  L   R  F  L  L   E  P  K   N  S  H   R  W  S  E   E  D  N   D  K  L   R  A  I  V   D  R  N  
 1801 ACGGCAAACA GTGTAATAAA CTGGAAAAAA GTCGTGGAAT ACTTCCCGGA CAAGTCCAAA TCAACGCTGA TTGGTCGTTA CTACTACGTG TTGCATCCTA 
     > T  A  N   S  V  I  N   W  K  K   V  V  E   Y  F  P  D   K  S  K   S  T  L   I  G  R  Y   Y  Y  V   L  H  P   
 1901 GCATCAGTCA CGAACCCTTC ACTACCAAGG AGGACATGAT GCTGTTCGCC GCCGTTGAAG AGTACAATGG AAAGTTTCAC TGTTTTCCGC GTTCTCTTTT 
     >S  I  S  H   E  P  F   T  T  K   E  D  M  M   L  F  A   A  V  E   E  Y  N  G   K  F  H   C  F  P   R  S  L  F 
 2001 CCCAAACCGG TCGTTAACCC AACTCCGAAC TCGCTACCAC AATGTACTGG CACAACGCAA CAAGACCGAC TCCTGGTCCG TTCAGGACGA CACACGGCTG 
     >  P  N  R   S  L  T   Q  L  R  T   R  Y  H   N  V  L   A  Q  R  N   K  T  D   S  W  S   V  Q  D  D   T  R  L  
 2101 ATGAGCTTCG TAACGCAATA CGGGGCTTCC CAGTGGCTTA ACTGTGCCAC GTTCTTGGGC AATCACACGC GGACCAGCTG TCGAACCCGC TTCCTAGTCA 
     > M  S  F   V  T  Q  Y   G  A  S   Q  W  L   N  C  A  T   F  L  G   N  H  T   R  T  S  C   R  T  R   F  L  V   
 2201 TCAAGAAATT CCTTGAACAA AATCCCAATG CAAAAGTGGA AGACCTGCCA CGCCGCCGAT CGAAGAAGGT GTCCTTGGTT AACTCTGATA ACTGGGCGCA 
     >I  K  K  F   L  E  Q   N  P  N   A  K  V  E   D  L  P   R  R  R   S  K  K  V   S  L  V   N  S  D   N  W  A  Q 
 2301 GCGTTTGCAA GAGTGGCAAG AGGACCCAGA GTCATTAGTT AATGATAACC CCCCGAAAGG AACTCGGGTG CGCGGTCCCA AATCGAAAAA GGCTAGGATC 
     >  R  L  Q   E  W  Q   E  D  P  E   S  L  V   N  D  N   P  P  K  G   T  R  V   R  G  P   K  S  K  K   A  R  I  
 2401 GAGCGACAGG CAGAGAGTTT CTCAAGACTT TCGAAAGTTG ATATAGAGTT CTGCAACTTC TTTAAGTTTA GTTATAATCT GACGCTGAGC ACTCCAAAAA 
     > E  R  Q   A  E  S  F   S  R  L   S  K  V   D  I  E  F   C  N  F   F  K  F   S  Y  N  L   T  L  S   T  P  K   
 2501 CTTTTCCAGT TCCAAAAGAC GTTTATAACC TTGCCTACGT GATCAGAGCT CTTGCATATA AGCCACCAAT TCGACCCTCG CTCTTACAAA ACATATTTAT 
     >T  F  P  V   P  K  D   V  Y  N   L  A  Y  V   I  R  A   L  A  Y   K  P  P  I   R  P  S   L  L  Q   N  I  F  M 
 2601 GCCAAATGAT GTGCTTAAGT GCTACAACAG CATGATCCGA AACCTTCCGG ACGAGGAAGG TGATATGAAG AGCCCACTTT TGCCACCCAA CTGGTCAACT 
     >  P  N  D   V  L  K   C  Y  N  S   M  I  R   N  L  P   D  E  E  G   D  M  K   S  P  L   L  P  P  N   W  S  T  
 2701 ATGATGGGGT TTCGAGCCTT ATGCATTCTT TCCGGAGATT GTCGCAAGGA TACGGAAACA CGTAGCTTCG AATACAATGA ATCTTTACCA CCCATCCAGC 
     > M  M  G   F  R  A  L   C  I  L   S  G  D   C  R  K  D   T  E  T   R  S  F   E  Y  N  E   S  L  P   P  I  Q   
 2801 TTTTCCGCAA GCGGTTGCAA GCTCTTTTCT ATCGTACCAC TCTTCTCAGC CGCTTGGAAT CACAACTCTT TACGGACTTA CCATCAGCAT TAGTTTCTTT 
     >L  F  R  K   R  L  Q   A  L  F   Y  R  T  T   L  L  S   R  L  E   S  Q  L  F   T  D  L   P  S  A   L  V  S  L 
 2901 ACCACGCCCC AAACACGATT ATGCAAAAAT GGGTACACAT GTTGAATTAA TCGATCCAGA GCCGGCACCA CAGAATGATC TAAAATCCGA GCCGCTTAGC 
     >  P  R  P   K  H  D   Y  A  K  M   G  T  H   V  E  L   I  D  P  E   P  A  P   Q  N  D   L  K  S  E   P  L  S  
 3001 GAGAATGAAG TGATTAATAC AGTCAAGCAG GAATTGGAAA TGGAATATAC AGTCCCAAAG GGCAATTCTG CAGATATCCA GCACAGTGGC GGCCGCTCGA 
     > E  N  E   V  I  N  T   V  K  Q   E  L  E   M  E  Y  T   V  P  K   G  N  S   A  D  I  Q   H  S  G   G  R  S   
 3101 GTCTAGAGGG CCCGCGGTTC GACTACAAGG ATGACGATGA CAAGGGCGAG CAGAAGCTGA TCTCCGAGGA AGATCTGACG CGTACCGGTC ATCATCACCA 
     >S  L  E  G   P  R  F   D  Y  K   D  D  D  D   K  G  E   Q  K  L   I  S  E  E   D  L  T   R  T  G   H  H  H  H 
 3201 TCACCATTGA GTTTAAACCC GCTGATCAGC CTCGACTGTG CCTTCTAAGA TCCAGACATG ATAAGATACA TTGATGAGTT TGGACAAACC ACAACTAGAA 
     >  H  H  
 3301 TGCAGTGAAA AAAATGCTTT ATTTGTGAAA TTTGTGATGC TATTGCTTTA TTTGTAACCA TTATAAGCTG CAATAAACAA GTTAACAACA ACAATTGCAT 
 3401 TCATTTTATG TTTCAGGTTC AGGGGGAGGT GTGGGAGGTT TTTTAAAGCA AGTAAAACCT CTACAAATGT GGTATGGCTG ATTATGATCA GTCGACCTGC 
 3501 AGGCATGCAA GCTTGGCGTA ATCATGGTCA TAGCTGTTTC CTGTGTGAAA TTGTTATCCG CTCACAATTC CACACAACAT ACGAGCCGGA AGCATAAAGT 
 3601 GTAAAGCCTG GGGTGCCTAA TGAGTGAGCT AACTCACATT AATTGCGTTG CGCTCACTGC CCGCTTTCCA GTCGGGAAAC CTGTCGTGCC AGCTGCATTA 
 3701 ATGAATCGGC CAACGCGCGG GGAGAGGCGG TTTGCGTATT GGGCGCTCTT CCGCTTCCTC GCTCACTGAC TCGCTGCGCT CGGTCGTTCG GCTGCGGCGA 
 3801 GCGGTATCAG CTCACTCAAA GGCGGTAATA CGGTTATCCA CAGAATCAGG GGATAACGCA GGAAAGAACA TGTGAGCAAA AGGCCAGCAA AAGGCCAGGA 
 3901 ACCGTAAAAA GGCCGCGTTG CTGGCGTTTT TCCATAGGCT CCGCCCCCCT GACGAGCATC ACAAAAATCG ACGCTCAAGT CAGAGGTGGC GAAACCCGAC 
 4001 AGGACTATAA AGATACCAGG CGTTTCCCCC TGGAAGCTCC CTCGTGCGCT CTCCTGTTCC GACCCTGCCG CTTACCGGAT ACCTGTCCGC CTTTCTCCCT 
 4101 TCGGGAAGCG TGGCGCTTTC TCATAGCTCA CGCTGTAGGT ATCTCAGTTC GGTGTAGGTC GTTCGCTCCA AGCTGGGCTG TGTGCACGAA CCCCCCGTTC 
 4201 AGCCCGACCG CTGCGCCTTA TCCGGTAACT ATCGTCTTGA GTCCAACCCG GTAAGACACG ACTTATCGCC ACTGGCAGCA GCCACTGGTA ACAGGATTAG 
 4301 CAGAGCGAGG TATGTAGGCG GTGCTACAGA GTTCTTGAAG TGGTGGCCTA ACTACGGCTA CACTAGAAGG ACAGTATTTG GTATCTGCGC TCTGCTGAAG 
 4401 CCAGTTACCT TCGGAAAAAG AGTTGGTAGC TCTTGATCCG GCAAACAAAC CACCGCTGGT AGCGGTGGTT TTTTTGTTTG CAAGCAGCAG ATTACGCGCA 
 4501 GAAAAAAAGG ATCTCAAGAA GATCCTTTGA TCTTTTCTAC GGGGTCTGAC GCTCAGTGGA ACGAAAACTC ACGTTAAGGG ATTTTGGTCA TGAGATTATC 
 4601 AAAAAGGATC TTCACCTAGA TCCTTTTAAA TTAAAAATGA AGTTTTAAAT CAATCTAAAG TATATATGAG TAAACTTGGT CTGACAGTTA CCAATGCTTA 
 4701 ATCAGTGAGG CACCTATCTC AGCGATCTGT CTATTTCGTT CATCCATAGT TGCCTGACTC CCCGTCGTGT AGATAACTAC GATACGGGAG GGCTTACCAT 
 4801 CTGGCCCCAG TGCTGCAATG ATACCGCGAG ACCCACGCTC ACCGGCTCCA GATTTATCAG CAATAAACCA GCCAGCCGGA AGGGCCGAGC GCAGAAGTGG 
 4901 TCCTGCAACT TTATCCGCCT CCATCCAGTC TATTAATTGT TGCCGGGAAG CTAGAGTAAG TAGTTCGCCA GTTAATAGTT TGCGCAACGT TGTTGCCATT 
 5001 GCTACAGGCA TCGTGGTGTC ACGCTCGTCG TTTGGTATGG CTTCATTCAG CTCCGGTTCC CAACGATCAA GGCGAGTTAC ATGATCCCCC ATGTTGTGCA 
 5101 AAAAAGCGGT TAGCTCCTTC GGTCCTCCGA TCGTTGTCAG AAGTAAGTTG GCCGCAGTGT TATCACTCAT GGTTATGGCA GCACTGCATA ATTCTCTTAC 
 5201 TGTCATGCCA TCCGTAAGAT GCTTTTCTGT GACTGGTGAG TACTCAACCA AGTCATTCTG AGAATAGTGT ATGCGGCGAC CGAGTTGCTC TTGCCCGGCG 
 5301 TCAATACGGG ATAATACCGC GCCACATAGC AGAACTTTAA AAGTGCTCAT CATTGGAAAA CGTTCTTCGG GGCGAAAACT CTCAAGGATC TTACCGCTGT 
 5401 TGAGATCCAG TTCGATGTAA CCCACTCGTG CACCCAACTG ATCTTCAGCA TCTTTTACTT TCACCAGCGT TTCTGGGTGA GCAAAAACAG GAAGGCAAAA 
 5501 TGCCGCAAAA AAGGGAATAA GGGCGACACG GAAATGTTGA ATACTCATAC TCTTCCTTTT TCAATATTAT TGAAGCATTT ATCAGGGTTA TTGTCTCATG 
 5601 AGCGGATACA TATTTGAATG TATTTAGAAA AATAAACAAA TAGGGGTTCC GCGCACATTT CCCCGAAAAG TGCCACCTGA CGTCTAAGAA ACCATTATTA 
 5701 TCATGACATT AACCTATAAA AATAGGCGTA TCACGAGGCC CTTTCGT 



 

 

85 

 
pMT/V5-His-TOPO HFDmSNAP190STOP 
 
    1 TCGCGCGTTT CGGTGATGAC GGTGAAAACC TCTGACACAT GCAGCTCCCG GAGACGGTCA CAGCTTGTCT GTAAGCGGAT GCCGGGAGCA GACAAGCCCG 
  101 TCAGGGCGCG TCAGCGGGTG TTGGCGGGTG TCGGGGCTGG CTTAACTATG CGGCATCAGA GCAGATTGTA CTGAGAGTGC ACCATATGCG GTGTGAAATA 
  201 CCGCACAGAT GCGTAAGGAG AAAATACCGC ATCAGGCGCC ATTCGCCATT CAGGCTGCGC AACTGTTGGG AAGGGCGATC GGTGCGGGCC TCTTCGCTAT 
  301 TACGCCAGCT GGCGAAAGGG GGATGTGCTG CAAGGCGATT AAGTTGGGTA ACGCCAGGGT TTTCCCAGTC ACGACGTTGT AAAACGACGG CCAGTGCCAG 
  401 TGAATTAATT CGTTGCAGGA CAGGATGTGG TGCCCGATGT GACTAGCTCT TTGCTGCAGG CCGTCCTATC CTCTGGTTCC GATAAGAGAC CCAGAACTCC 
  501 GGCCCCCCAC CGCCCACCGC CACCCCCATA CATATGTGGT ACGCAAGTAA GAGTGCCTGC GCATGCCCCA TGTGCCCCAC CAAGAGTTTT GCATCCCATA 
  601 CAAGTCCCCA AAGTGGAGAA CCGAACCAAT TCTTCGCGGG CAGAACAAAA GCTTCTGCAC ACGTCTCCAC TCGAATTTGG AGCCGGCCGG CGTGTGCAAA 
  701 AGAGGTGAAT CGAACGAAAG ACCCGTGTGT AAAGCCGCGT TTCCAAAATG TATAAAACCG AGAGCATCTG GCCAATGTGC ATCAGTTGTG GTCAGCAGCA 
  801 AAATCAAGTG AATCATCTCA GTGCAACTAA AGGGGGGATC TAGATCGGGG TACTAAGATT CAGAATGCAT CATCACCATC ACCATACCGA CTACAAGGAT 
                                                                           > M  H   H  H  H   H  H  T  D   Y  K  D  
  901 GACGATGACA AGGGCACTAG TGACGATGCC GATGATCTGC GCATAAACCA GCAGCAGCTT ATGGACGAGA TTTCGGCCCT CTTGCAGAAC ACAGCGAAGC 
     > D  D  D   K  G  T  S   D  D  A   D  D  L   R  I  N  Q   Q  Q  L   M  D  E   I  S  A  L   L  Q  N   T  A  K   
 1001 CGAGCGCCGC CAACGCACTG CAGCTGAATC AGGAGCTCCA GCGCCGGCTC ATGCAAGTCC GGACCAAAAT TCTGGCCATG TTACAAGTAG TAAGGGCCCG 
     >P  S  A  A   N  A  L   Q  L  N   Q  E  L  Q   R  R  L   M  Q  V   R  T  K  I   L  A  M   L  Q  V   V  R  A  R 
 1101 CTTCTCTCGG AACGAGGACA TCCTGGTGCG CCGGCTGCGA CCTCGTTCCC ATTTCGGCCC GAATTCCCTC AATCTTAGCG GGGCGATCCT GCGGAAGGGC 
     >  F  S  R   N  E  D   I  L  V  R   R  L  R   P  R  S   H  F  G  P   N  S  L   N  L  S   G  A  I  L   R  K  G  
 1201 ACGTTTCGCT TCAAGGGCAA CCTGTTTTTC CGAGACATCG ATGGTCGAAG CTGTCCTAAC AACGAGGATT ACGAGGCGCG GTGCCACACG GAGATGTTTC 
     > T  F  R   F  K  G  N   L  F  F   R  D  I   D  G  R  S   C  P  N   N  E  D   Y  E  A  R   C  H  T   E  M  F   
 1301 CCACCGACTT TGACATGCAC TCCAGACATG TATGGACATT GCTAGACAAA AAGAATGTGA TAATGGGTAT AAAACAACAG TTACTGGAGC ATAGGGCCCA 
     >P  T  D  F   D  M  H   S  R  H   V  W  T  L   L  D  K   K  N  V   I  M  G  I   K  Q  Q   L  L  E   H  R  A  H 
 1401 CAGTACGAAT GCGCTGCCCA GCGGAAGCCT GAAGCGCAAG CCAATCGAGC GACACTTAAG TACACTGGTA AGTCTGCTGG CAACTGCGGA TAGTAGCTTC 
     >  S  T  N   A  L  P   S  G  S  L   K  R  K   P  I  E   R  H  L  S   T  L  V   S  L  L   A  T  A  D   S  S  F  
 1501 AGCATCGACT GGAACCAGAT CAGCACCCTG GACTTGGAAT ATCGGCACTC ACCATATAGC TGTGAGGCAA TGTGGAGGGT CTACTTAACA CCAGATCTCA 
     > S  I  D   W  N  Q  I   S  T  L   D  L  E   Y  R  H  S   P  Y  S   C  E  A   M  W  R  V   Y  L  T   P  D  L   
 1601 GGCGAGACGA TTGGTCACCC GAGGAGGACG AAACTTTACT GGCGGTGGCC ACTGCGAACA GGATGCAGAA CTGGGAGTTG ATAGCCGCGT CGCTAGACCG 
     >R  R  D  D   W  S  P   E  E  D   E  T  L  L   A  V  A   T  A  N   R  M  Q  N   W  E  L   I  A  A   S  L  D  R 
 1701 ACGTTCCGAC TATCAGTGCT TCGTACGCTT TCATACCGCC CTACGTTTTC TGCTGGAGCC AAAGAACAGC CACCGCTGGA GCGAAGAGGA CAACGATAAA 
     >  R  S  D   Y  Q  C   F  V  R  F   H  T  A   L  R  F   L  L  E  P   K  N  S   H  R  W   S  E  E  D   N  D  K  
 1801 CTAAGGGCGA TCGTTGATAG GAATACGGCA AACAGTGTAA TAAACTGGAA AAAAGTCGTG GAATACTTCC CGGACAAGTC CAAATCAACG CTGATTGGTC 
     > L  R  A   I  V  D  R   N  T  A   N  S  V   I  N  W  K   K  V  V   E  Y  F   P  D  K  S   K  S  T   L  I  G   
 1901 GTTACTACTA CGTGTTGCAT CCTAGCATCA GTCACGAACC CTTCACTACC AAGGAGGACA TGATGCTGTT CGCCGCCGTT GAAGAGTACA ATGGAAAGTT 
     >R  Y  Y  Y   V  L  H   P  S  I   S  H  E  P   F  T  T   K  E  D   M  M  L  F   A  A  V   E  E  Y   N  G  K  F 
 2001 TCACTGTTTT CCGCGTTCTC TTTTCCCAAA CCGGTCGTTA ACCCAACTCC GAACTCGCTA CCACAATGTA CTGGCACAAC GCAACAAGAC CGACTCCTGG 
     >  H  C  F   P  R  S   L  F  P  N   R  S  L   T  Q  L   R  T  R  Y   H  N  V   L  A  Q   R  N  K  T   D  S  W  
 2101 TCCGTTCAGG ACGACACACG GCTGATGAGC TTCGTAACGC AATACGGGGC TTCCCAGTGG CTTAACTGTG CCACGTTCTT GGGCAATCAC ACGCGGACCA 
     > S  V  Q   D  D  T  R   L  M  S   F  V  T   Q  Y  G  A   S  Q  W   L  N  C   A  T  F  L   G  N  H   T  R  T   
 2201 GCTGTCGAAC CCGCTTCCTA GTCATCAAGA AATTCCTTGA ACAAAATCCC AATGCAAAAG TGGAAGACCT GCCACGCCGC CGATCGAAGA AGGTGTCCTT 
     >S  C  R  T   R  F  L   V  I  K   K  F  L  E   Q  N  P   N  A  K   V  E  D  L   P  R  R   R  S  K   K  V  S  L 
 2301 GGTTAACTCT GATAACTGGG CGCAGCGTTT GCAAGAGTGG CAAGAGGACC CAGAGTCATT AGTTAATGAT AACCCCCCGA AAGGAACTCG GGTGCGCGGT 
     >  V  N  S   D  N  W   A  Q  R  L   Q  E  W   Q  E  D   P  E  S  L   V  N  D   N  P  P   K  G  T  R   V  R  G  
 2401 CCCAAATCGA AAAAGGCTAG GATCGAGCGA CAGGCAGAGA GTTTCTCAAG ACTTTCGAAA GTTGATATAG AGTTCTGCAA CTTCTTTAAG TTTAGTTATA 
     > P  K  S   K  K  A  R   I  E  R   Q  A  E   S  F  S  R   L  S  K   V  D  I   E  F  C  N   F  F  K   F  S  Y   
 2501 ATCTGACGCT GAGCACTCCA AAAACTTTTC CAGTTCCAAA AGACGTTTAT AACCTTGCCT ACGTGATCAG AGCTCTTGCA TATAAGCCAC CAATTCGACC 
     >N  L  T  L   S  T  P   K  T  F   P  V  P  K   D  V  Y   N  L  A   Y  V  I  R   A  L  A   Y  K  P   P  I  R  P 
 2601 CTCGCTCTTA CAAAACATAT TTATGCCAAA TGATGTGCTT AAGTGCTACA ACAGCATGAT CCGAAACCTT CCGGACGAGG AAGGTGATAT GAAGAGCCCA 
     >  S  L  L   Q  N  I   F  M  P  N   D  V  L   K  C  Y   N  S  M  I   R  N  L   P  D  E   E  G  D  M   K  S  P  
 2701 CTTTTGCCAC CCAACTGGTC AACTATGATG GGGTTTCGAG CCTTATGCAT TCTTTCCGGA GATTGTCGCA AGGATACGGA AACACGTAGC TTCGAATACA 
     > L  L  P   P  N  W  S   T  M  M   G  F  R   A  L  C  I   L  S  G   D  C  R   K  D  T  E   T  R  S   F  E  Y   
 2801 ATGAATCTTT ACCACCCATC CAGCTTTTCC GCAAGCGGTT GCAAGCTCTT TTCTATCGTA CCACTCTTCT CAGCCGCTTG GAATCACAAC TCTTTACGGA 
     >N  E  S  L   P  P  I   Q  L  F   R  K  R  L   Q  A  L   F  Y  R   T  T  L  L   S  R  L   E  S  Q   L  F  T  D 
 2901 CTTACCATCA GCATTAGTTT CTTTACCACG CCCCAAACAC GATTATGCAA AAATGGGTAC ACATGTTGAA TTAATCGATC CAGAGCCGGC ACCACAGAAT 
     >  L  P  S   A  L  V   S  L  P  R   P  K  H   D  Y  A   K  M  G  T   H  V  E   L  I  D   P  E  P  A   P  Q  N  
 3001 GATCTAAAAT CCGAGCCGCT TAGCGAGAAT GAAGTGATTA ATACAGTCAA GCAGGAATTG GAAATGGAAT ATACAGTCCC CTAGAAGGGC AATTCTGCAG 
     > D  L  K   S  E  P  L   S  E  N   E  V  I   N  T  V  K   Q  E  L   E  M  E   Y  T  V  P   
 3101 ATATCCAGCA CAGTGGCGGC CGCTCGAGTC TAGAGGGCCC GCGGTTCGAA GGTAAGCCTA TCCCTAACCC TCTCCTCGGT CTCGATTCTA CGCGTACCGG 
 3201 TCATCATCAC CATCACCATT GAGTTTAAAC CCGCTGATCA GCCTCGACTG TGCCTTCTAA GATCCAGACA TGATAAGATA CATTGATGAG TTTGGACAAA 
 3301 CCACAACTAG AATGCAGTGA AAAAAATGCT TTATTTGTGA AATTTGTGAT GCTATTGCTT TATTTGTAAC CATTATAAGC TGCAATAAAC AAGTTAACAA 
 3401 CAACAATTGC ATTCATTTTA TGTTTCAGGT TCAGGGGGAG GTGTGGGAGG TTTTTTAAAG CAAGTAAAAC CTCTACAAAT GTGGTATGGC TGATTATGAT 
 3501 CAGTCGACCT GCAGGCATGC AAGCTTGGCG TAATCATGGT CATAGCTGTT TCCTGTGTGA AATTGTTATC CGCTCACAAT TCCACACAAC ATACGAGCCG 
 3601 GAAGCATAAA GTGTAAAGCC TGGGGTGCCT AATGAGTGAG CTAACTCACA TTAATTGCGT TGCGCTCACT GCCCGCTTTC CAGTCGGGAA ACCTGTCGTG 
 3701 CCAGCTGCAT TAATGAATCG GCCAACGCGC GGGGAGAGGC GGTTTGCGTA TTGGGCGCTC TTCCGCTTCC TCGCTCACTG ACTCGCTGCG CTCGGTCGTT 
 3801 CGGCTGCGGC GAGCGGTATC AGCTCACTCA AAGGCGGTAA TACGGTTATC CACAGAATCA GGGGATAACG CAGGAAAGAA CATGTGAGCA AAAGGCCAGC 
 3901 AAAAGGCCAG GAACCGTAAA AAGGCCGCGT TGCTGGCGTT TTTCCATAGG CTCCGCCCCC CTGACGAGCA TCACAAAAAT CGACGCTCAA GTCAGAGGTG 
 4001 GCGAAACCCG ACAGGACTAT AAAGATACCA GGCGTTTCCC CCTGGAAGCT CCCTCGTGCG CTCTCCTGTT CCGACCCTGC CGCTTACCGG ATACCTGTCC 
 4101 GCCTTTCTCC CTTCGGGAAG CGTGGCGCTT TCTCATAGCT CACGCTGTAG GTATCTCAGT TCGGTGTAGG TCGTTCGCTC CAAGCTGGGC TGTGTGCACG 
 4201 AACCCCCCGT TCAGCCCGAC CGCTGCGCCT TATCCGGTAA CTATCGTCTT GAGTCCAACC CGGTAAGACA CGACTTATCG CCACTGGCAG CAGCCACTGG 
 4301 TAACAGGATT AGCAGAGCGA GGTATGTAGG CGGTGCTACA GAGTTCTTGA AGTGGTGGCC TAACTACGGC TACACTAGAA GGACAGTATT TGGTATCTGC 
 4401 GCTCTGCTGA AGCCAGTTAC CTTCGGAAAA AGAGTTGGTA GCTCTTGATC CGGCAAACAA ACCACCGCTG GTAGCGGTGG TTTTTTTGTT TGCAAGCAGC 
 4501 AGATTACGCG CAGAAAAAAA GGATCTCAAG AAGATCCTTT GATCTTTTCT ACGGGGTCTG ACGCTCAGTG GAACGAAAAC TCACGTTAAG GGATTTTGGT 
 4601 CATGAGATTA TCAAAAAGGA TCTTCACCTA GATCCTTTTA AATTAAAAAT GAAGTTTTAA ATCAATCTAA AGTATATATG AGTAAACTTG GTCTGACAGT 
 4701 TACCAATGCT TAATCAGTGA GGCACCTATC TCAGCGATCT GTCTATTTCG TTCATCCATA GTTGCCTGAC TCCCCGTCGT GTAGATAACT ACGATACGGG 
 4801 AGGGCTTACC ATCTGGCCCC AGTGCTGCAA TGATACCGCG AGACCCACGC TCACCGGCTC CAGATTTATC AGCAATAAAC CAGCCAGCCG GAAGGGCCGA 
 4901 GCGCAGAAGT GGTCCTGCAA CTTTATCCGC CTCCATCCAG TCTATTAATT GTTGCCGGGA AGCTAGAGTA AGTAGTTCGC CAGTTAATAG TTTGCGCAAC 
 5001 GTTGTTGCCA TTGCTACAGG CATCGTGGTG TCACGCTCGT CGTTTGGTAT GGCTTCATTC AGCTCCGGTT CCCAACGATC AAGGCGAGTT ACATGATCCC 
 5101 CCATGTTGTG CAAAAAAGCG GTTAGCTCCT TCGGTCCTCC GATCGTTGTC AGAAGTAAGT TGGCCGCAGT GTTATCACTC ATGGTTATGG CAGCACTGCA 
 5201 TAATTCTCTT ACTGTCATGC CATCCGTAAG ATGCTTTTCT GTGACTGGTG AGTACTCAAC CAAGTCATTC TGAGAATAGT GTATGCGGCG ACCGAGTTGC 
 5301 TCTTGCCCGG CGTCAATACG GGATAATACC GCGCCACATA GCAGAACTTT AAAAGTGCTC ATCATTGGAA AACGTTCTTC GGGGCGAAAA CTCTCAAGGA 
 5401 TCTTACCGCT GTTGAGATCC AGTTCGATGT AACCCACTCG TGCACCCAAC TGATCTTCAG CATCTTTTAC TTTCACCAGC GTTTCTGGGT GAGCAAAAAC 
 5501 AGGAAGGCAA AATGCCGCAA AAAAGGGAAT AAGGGCGACA CGGAAATGTT GAATACTCAT ACTCTTCCTT TTTCAATATT ATTGAAGCAT TTATCAGGGT 
 5601 TATTGTCTCA TGAGCGGATA CATATTTGAA TGTATTTAGA AAAATAAACA AATAGGGGTT CCGCGCACAT TTCCCCGAAA AGTGCCACCT GACGTCTAAG 
 5701 AAACCATTAT TATCATGACA TTAACCTATA AAAATAGGCG TATCACGAGG CCCTTTCGT 
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pMT/V5-His-TOPO DmSNAP190V5H 
 
    1 TCGCGCGTTT CGGTGATGAC GGTGAAAACC TCTGACACAT GCAGCTCCCG GAGACGGTCA CAGCTTGTCT GTAAGCGGAT GCCGGGAGCA GACAAGCCCG 
  101 TCAGGGCGCG TCAGCGGGTG TTGGCGGGTG TCGGGGCTGG CTTAACTATG CGGCATCAGA GCAGATTGTA CTGAGAGTGC ACCATATGCG GTGTGAAATA 
  201 CCGCACAGAT GCGTAAGGAG AAAATACCGC ATCAGGCGCC ATTCGCCATT CAGGCTGCGC AACTGTTGGG AAGGGCGATC GGTGCGGGCC TCTTCGCTAT 
  301 TACGCCAGCT GGCGAAAGGG GGATGTGCTG CAAGGCGATT AAGTTGGGTA ACGCCAGGGT TTTCCCAGTC ACGACGTTGT AAAACGACGG CCAGTGCCAG 
  401 TGAATTAATT CGTTGCAGGA CAGGATGTGG TGCCCGATGT GACTAGCTCT TTGCTGCAGG CCGTCCTATC CTCTGGTTCC GATAAGAGAC CCAGAACTCC 
  501 GGCCCCCCAC CGCCCACCGC CACCCCCATA CATATGTGGT ACGCAAGTAA GAGTGCCTGC GCATGCCCCA TGTGCCCCAC CAAGAGTTTT GCATCCCATA 
  601 CAAGTCCCCA AAGTGGAGAA CCGAACCAAT TCTTCGCGGG CAGAACAAAA GCTTCTGCAC ACGTCTCCAC TCGAATTTGG AGCCGGCCGG CGTGTGCAAA 
  701 AGAGGTGAAT CGAACGAAAG ACCCGTGTGT AAAGCCGCGT TTCCAAAATG TATAAAACCG AGAGCATCTG GCCAATGTGC ATCAGTTGTG GTCAGCAGCA 
  801 AAATCAAGTG AATCATCTCA GTGCAACTAA AGGGGGGATC TAGATCGGGG TACCTACTAG TCCAGTGTGG TGGAATTGCC CTTCAACCTG AGCAATGGAC 
                                                                                                            > M  D  
  901 GATGCCGATG ATCTGCGCAT AAACCAGCAG CAGCTTATGG ACGAGATTTC GGCCCTCTTG CAGAACACAG CGAAGCCGAG CGCCGCCAAC GCACTGCAGC 
     > D  A  D   D  L  R  I   N  Q  Q   Q  L  M   D  E  I  S   A  L  L   Q  N  T   A  K  P  S   A  A  N   A  L  Q   
 1001 TGAATCAGGA GCTCCAGCGC CGGCTCATGC AAGTCCGGAC CAAAATTCTG GCCATGTTAC AAGTAGTAAG GGCCCGCTTC TCTCGGAACG AGGACATCCT 
     >L  N  Q  E   L  Q  R   R  L  M   Q  V  R  T   K  I  L   A  M  L   Q  V  V  R   A  R  F   S  R  N   E  D  I  L 
 1101 GGTGCGCCGG CTGCGACCTC GTTCCCATTT CGGCCCGAAT TCCCTCAATC TTAGCGGGGC GATCCTGCGG AAGGGCACGT TTCGCTTCAA GGGCAACCTG 
     >  V  R  R   L  R  P   R  S  H  F   G  P  N   S  L  N   L  S  G  A   I  L  R   K  G  T   F  R  F  K   G  N  L  
 1201 TTTTTCCGAG ACATCGATGG TCGAAGCTGT CCTAACAACG AGGATTACGA GGCGCGGTGC CACACGGAGA TGTTTCCCAC CGACTTTGAC ATGCACTCCA 
     > F  F  R   D  I  D  G   R  S  C   P  N  N   E  D  Y  E   A  R  C   H  T  E   M  F  P  T   D  F  D   M  H  S   
 1301 GACATGTATG GACATTGCTA GACAAAAAGA ATGTGATAAT GGGTATAAAA CAACAGTTAC TGGAGCATAG GGCCCACAGT ACGAATGCGC TGCCCAGCGG 
     >R  H  V  W   T  L  L   D  K  K   N  V  I  M   G  I  K   Q  Q  L   L  E  H  R   A  H  S   T  N  A   L  P  S  G 
 1401 AAGCCTGAAG CGCAAGCCAA TCGAGCGACA CTTAAGTACA CTGGTAAGTC TGCTGGCAAC TGCGGATAGT AGCTTCAGCA TCGACTGGAA CCAGATCAGC 
     >  S  L  K   R  K  P   I  E  R  H   L  S  T   L  V  S   L  L  A  T   A  D  S   S  F  S   I  D  W  N   Q  I  S  
 1501 ACCCTGGACT TGGAATATCG GCACTCACCA TATAGCTGTG AGGCAATGTG GAGGGTCTAC TTAACACCAG ATCTCAGGCG AGACGATTGG TCACCCGAGG 
     > T  L  D   L  E  Y  R   H  S  P   Y  S  C   E  A  M  W   R  V  Y   L  T  P   D  L  R  R   D  D  W   S  P  E   
 1601 AGGACGAAAC TTTACTGGCG GTGGCCACTG CGAACAGGAT GCAGAACTGG GAGTTGATAG CCGCGTCGCT AGACCGACGT TCCGACTATC AGTGCTTCGT 
     >E  D  E  T   L  L  A   V  A  T   A  N  R  M   Q  N  W   E  L  I   A  A  S  L   D  R  R   S  D  Y   Q  C  F  V 
 1701 ACGCTTTCAT ACCGCCCTAC GTTTTCTGCT GGAGCCAAAG AACAGCCACC GCTGGAGCGA AGAGGACAAC GATAAACTAA GGGCGATCGT TGATAGGAAT 
     >  R  F  H   T  A  L   R  F  L  L   E  P  K   N  S  H   R  W  S  E   E  D  N   D  K  L   R  A  I  V   D  R  N  
 1801 ACGGCAAACA GTGTAATAAA CTGGAAAAAA GTCGTGGAAT ACTTCCCGGA CAAGTCCAAA TCAACGCTGA TTGGTCGTTA CTACTACGTG TTGCATCCTA 
     > T  A  N   S  V  I  N   W  K  K   V  V  E   Y  F  P  D   K  S  K   S  T  L   I  G  R  Y   Y  Y  V   L  H  P   
 1901 GCATCAGTCA CGAACCCTTC ACTACCAAGG AGGACATGAT GCTGTTCGCC GCCGTTGAAG AGTACAATGG AAAGTTTCAC TGTTTTCCGC GTTCTCTTTT 
     >S  I  S  H   E  P  F   T  T  K   E  D  M  M   L  F  A   A  V  E   E  Y  N  G   K  F  H   C  F  P   R  S  L  F 
 2001 CCCAAACCGG TCGTTAACCC AACTCCGAAC TCGCTACCAC AATGTACTGG CACAACGCAA CAAGACCGAC TCCTGGTCCG TTCAGGACGA CACACGGCTG 
     >  P  N  R   S  L  T   Q  L  R  T   R  Y  H   N  V  L   A  Q  R  N   K  T  D   S  W  S   V  Q  D  D   T  R  L  
 2101 ATGAGCTTCG TAACGCAATA CGGGGCTTCC CAGTGGCTTA ACTGTGCCAC GTTCTTGGGC AATCACACGC GGACCAGCTG TCGAACCCGC TTCCTAGTCA 
     > M  S  F   V  T  Q  Y   G  A  S   Q  W  L   N  C  A  T   F  L  G   N  H  T   R  T  S  C   R  T  R   F  L  V   
 2201 TCAAGAAATT CCTTGAACAA AATCCCAATG CAAAAGTGGA AGACCTGCCA CGCCGCCGAT CGAAGAAGGT GTCCTTGGTT AACTCTGATA ACTGGGCGCA 
     >I  K  K  F   L  E  Q   N  P  N   A  K  V  E   D  L  P   R  R  R   S  K  K  V   S  L  V   N  S  D   N  W  A  Q 
 2301 GCGTTTGCAA GAGTGGCAAG AGGACCCAGA GTCATTAGTT AATGATAACC CCCCGAAAGG AACTCGGGTG CGCGGTCCCA AATCGAAAAA GGCTAGGATC 
     >  R  L  Q   E  W  Q   E  D  P  E   S  L  V   N  D  N   P  P  K  G   T  R  V   R  G  P   K  S  K  K   A  R  I  
 2401 GAGCGACAGG CAGAGAGTTT CTCAAGACTT TCGAAAGTTG ATATAGAGTT CTGCAACTTC TTTAAGTTTA GTTATAATCT GACGCTGAGC ACTCCAAAAA 
     > E  R  Q   A  E  S  F   S  R  L   S  K  V   D  I  E  F   C  N  F   F  K  F   S  Y  N  L   T  L  S   T  P  K   
 2501 CTTTTCCAGT TCCAAAAGAC GTTTATAACC TTGCCTACGT GATCAGAGCT CTTGCATATA AGCCACCAAT TCGACCCTCG CTCTTACAAA ACATATTTAT 
     >T  F  P  V   P  K  D   V  Y  N   L  A  Y  V   I  R  A   L  A  Y   K  P  P  I   R  P  S   L  L  Q   N  I  F  M 
 2601 GCCAAATGAT GTGCTTAAGT GCTACAACAG CATGATCCGA AACCTTCCGG ACGAGGAAGG TGATATGAAG AGCCCACTTT TGCCACCCAA CTGGTCAACT 
     >  P  N  D   V  L  K   C  Y  N  S   M  I  R   N  L  P   D  E  E  G   D  M  K   S  P  L   L  P  P  N   W  S  T  
 2701 ATGATGGGGT TTCGAGCCTT ATGCATTCTT TCCGGAGATT GTCGCAAGGA TACGGAAACA CGTAGCTTCG AATACAATGA ATCTTTACCA CCCATCCAGC 
     > M  M  G   F  R  A  L   C  I  L   S  G  D   C  R  K  D   T  E  T   R  S  F   E  Y  N  E   S  L  P   P  I  Q   
 2801 TTTTCCGCAA GCGGTTGCAA GCTCTTTTCT ATCGTACCAC TCTTCTCAGC CGCTTGGAAT CACAACTCTT TACGGACTTA CCATCAGCAT TAGTTTCTTT 
     >L  F  R  K   R  L  Q   A  L  F   Y  R  T  T   L  L  S   R  L  E   S  Q  L  F   T  D  L   P  S  A   L  V  S  L 
 2901 ACCACGCCCC AAACACGATT ATGCAAAAAT GGGTACACAT GTTGAATTAA TCGATCCAGA GCCGGCACCA CAGAATGATC TAAAATCCGA GCCGCTTAGC 
     >  P  R  P   K  H  D   Y  A  K  M   G  T  H   V  E  L   I  D  P  E   P  A  P   Q  N  D   L  K  S  E   P  L  S  
 3001 GAGAATGAAG TGATTAATAC AGTCAAGCAG GAATTGGAAA TGGAATATAC AGTCCCAAAG GGCAATTCTG CAGATATCCA GCACAGTGGC GGCCGCTCGA 
     > E  N  E   V  I  N  T   V  K  Q   E  L  E   M  E  Y  T   V  P  K   G  N  S   A  D  I  Q   H  S  G   G  R  S   
 3101 GTCTAGAGGG CCCGCGGTTC GAAGGTAAGC CTATCCCTAA CCCTCTCCTC GGTCTCGATT CTACGCGTAC CGGTCATCAT CACCATCACC ATTGAGTTTA 
     >S  L  E  G   P  R  F   E  G  K   P  I  P  N   P  L  L   G  L  D   S  T  R  T   G  H  H   H  H  H   H  
 3201 AACCCGCTGA TCAGCCTCGA CTGTGCCTTC TAAGATCCAG ACATGATAAG ATACATTGAT GAGTTTGGAC AAACCACAAC TAGAATGCAG TGAAAAAAAT 
 3301 GCTTTATTTG TGAAATTTGT GATGCTATTG CTTTATTTGT AACCATTATA AGCTGCAATA AACAAGTTAA CAACAACAAT TGCATTCATT TTATGTTTCA 
 3401 GGTTCAGGGG GAGGTGTGGG AGGTTTTTTA AAGCAAGTAA AACCTCTACA AATGTGGTAT GGCTGATTAT GATCAGTCGA CCTGCAGGCA TGCAAGCTTG 
 3501 GCGTAATCAT GGTCATAGCT GTTTCCTGTG TGAAATTGTT ATCCGCTCAC AATTCCACAC AACATACGAG CCGGAAGCAT AAAGTGTAAA GCCTGGGGTG 
 3601 CCTAATGAGT GAGCTAACTC ACATTAATTG CGTTGCGCTC ACTGCCCGCT TTCCAGTCGG GAAACCTGTC GTGCCAGCTG CATTAATGAA TCGGCCAACG 
 3701 CGCGGGGAGA GGCGGTTTGC GTATTGGGCG CTCTTCCGCT TCCTCGCTCA CTGACTCGCT GCGCTCGGTC GTTCGGCTGC GGCGAGCGGT ATCAGCTCAC 
 3801 TCAAAGGCGG TAATACGGTT ATCCACAGAA TCAGGGGATA ACGCAGGAAA GAACATGTGA GCAAAAGGCC AGCAAAAGGC CAGGAACCGT AAAAAGGCCG 
 3901 CGTTGCTGGC GTTTTTCCAT AGGCTCCGCC CCCCTGACGA GCATCACAAA AATCGACGCT CAAGTCAGAG GTGGCGAAAC CCGACAGGAC TATAAAGATA 
 4001 CCAGGCGTTT CCCCCTGGAA GCTCCCTCGT GCGCTCTCCT GTTCCGACCC TGCCGCTTAC CGGATACCTG TCCGCCTTTC TCCCTTCGGG AAGCGTGGCG 
 4101 CTTTCTCATA GCTCACGCTG TAGGTATCTC AGTTCGGTGT AGGTCGTTCG CTCCAAGCTG GGCTGTGTGC ACGAACCCCC CGTTCAGCCC GACCGCTGCG 
 4201 CCTTATCCGG TAACTATCGT CTTGAGTCCA ACCCGGTAAG ACACGACTTA TCGCCACTGG CAGCAGCCAC TGGTAACAGG ATTAGCAGAG CGAGGTATGT 
 4301 AGGCGGTGCT ACAGAGTTCT TGAAGTGGTG GCCTAACTAC GGCTACACTA GAAGGACAGT ATTTGGTATC TGCGCTCTGC TGAAGCCAGT TACCTTCGGA 
 4401 AAAAGAGTTG GTAGCTCTTG ATCCGGCAAA CAAACCACCG CTGGTAGCGG TGGTTTTTTT GTTTGCAAGC AGCAGATTAC GCGCAGAAAA AAAGGATCTC 
 4501 AAGAAGATCC TTTGATCTTT TCTACGGGGT CTGACGCTCA GTGGAACGAA AACTCACGTT AAGGGATTTT GGTCATGAGA TTATCAAAAA GGATCTTCAC 
 4601 CTAGATCCTT TTAAATTAAA AATGAAGTTT TAAATCAATC TAAAGTATAT ATGAGTAAAC TTGGTCTGAC AGTTACCAAT GCTTAATCAG TGAGGCACCT 
 4701 ATCTCAGCGA TCTGTCTATT TCGTTCATCC ATAGTTGCCT GACTCCCCGT CGTGTAGATA ACTACGATAC GGGAGGGCTT ACCATCTGGC CCCAGTGCTG 
 4801 CAATGATACC GCGAGACCCA CGCTCACCGG CTCCAGATTT ATCAGCAATA AACCAGCCAG CCGGAAGGGC CGAGCGCAGA AGTGGTCCTG CAACTTTATC 
 4901 CGCCTCCATC CAGTCTATTA ATTGTTGCCG GGAAGCTAGA GTAAGTAGTT CGCCAGTTAA TAGTTTGCGC AACGTTGTTG CCATTGCTAC AGGCATCGTG 
 5001 GTGTCACGCT CGTCGTTTGG TATGGCTTCA TTCAGCTCCG GTTCCCAACG ATCAAGGCGA GTTACATGAT CCCCCATGTT GTGCAAAAAA GCGGTTAGCT 
 5101 CCTTCGGTCC TCCGATCGTT GTCAGAAGTA AGTTGGCCGC AGTGTTATCA CTCATGGTTA TGGCAGCACT GCATAATTCT CTTACTGTCA TGCCATCCGT 
 5201 AAGATGCTTT TCTGTGACTG GTGAGTACTC AACCAAGTCA TTCTGAGAAT AGTGTATGCG GCGACCGAGT TGCTCTTGCC CGGCGTCAAT ACGGGATAAT 
 5301 ACCGCGCCAC ATAGCAGAAC TTTAAAAGTG CTCATCATTG GAAAACGTTC TTCGGGGCGA AAACTCTCAA GGATCTTACC GCTGTTGAGA TCCAGTTCGA 
 5401 TGTAACCCAC TCGTGCACCC AACTGATCTT CAGCATCTTT TACTTTCACC AGCGTTTCTG GGTGAGCAAA AACAGGAAGG CAAAATGCCG CAAAAAAGGG 
 5501 AATAAGGGCG ACACGGAAAT GTTGAATACT CATACTCTTC CTTTTTCAAT ATTATTGAAG CATTTATCAG GGTTATTGTC TCATGAGCGG ATACATATTT 
 5601 GAATGTATTT AGAAAAATAA ACAAATAGGG GTTCCGCGCA CATTTCCCCG AAAAGTGCCA CCTGACGTCT AAGAAACCAT TATTATCATG ACATTAACCT 
 5701 ATAAAAATAG GCGTATCACG AGGCCCTTTC GT 
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Appendix B: Stably transfected S2 cell lines 

 

Stable cell lines were prepared following the Invitrogen protocol with some 

modifications.  

 

A 19:1 ratio of expression vector(s) to selection vector was used. Different amounts of 

recombinant DNA were used in different cell lines to optimize expression of the 

desired protein complex. 

 

Day 1: Preparation 

 

1. Seed 3x10
6
 S2 cells in a 100x20 plate in 10ml complete DES expression 

medium. 

2. Grow 6-16 hours at 22-24°C until the cells reach 25-30% confluency. 

 

Day 2: Transfection 

3. Prepare the following transfection mix for a Corning 100x20 plate: 

• Promega ProFection mammalian transfection system calcium 

phosphate, catalog number: E1200. 

• In a microcentrifuge tube, mix together the following components. 

This will be Solution A. 
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Using cell line 202B as example 

 

 ------------------------------------------------------------------------------ 

2M CaCl2                                                                             36 l 

pMTDmSNAP 190Stop (1 g)    6 l 

pMTDmSNAP 50V5His (1 g)    4.5 l 

pMTDmSNAP 50FlagMycHis (1 g)   4.5 l 

pMTDmSNAP 43Stop (1 g)     4.5 l 

pCoBlast(1 g)                                                                       1 l 

Tissue culture sterile water.       Bring to a final volume of 300 l 

 ------------------------------------------------------------------------------ 

 

In a second microcentrifuge tube, add 300 l 2xHBS (50 mM HEPES, 1.5 mM 

Na2HPO4, 280 mM NaCl, pH7.1). This is solution B. 

 

4. Slowly add Solution A drop wise to Solution B with continuous mixing. 

Continue adding and mixing until Solution A is depleted. 

5. Incubate the resulting solution at room temperature for 30-40 minutes. 

After ~ 30 minute a fine precipitate will form. 

6. Mix the solution and add drop wise to the cells. Swirl the plate to mix in 

each drop after it is added. 

7. Incubate for 16-24 hours at 22-24°C. 

 

Day 3: Post-transfection 

 

8. Remove the calcium phosphate solution by using a sterile glass pipette 

sucking out the top solution in the plate. Add fresh complete DES 

expression medium (no selection agent blasticidin). 

9. Incubate at 22-24°C for 2 days. 

 

Day 5: Selection 

10. Remove the medium by using a sterile glass pipette sucking out the top 

solution in the plate. Add fresh complete DES expression medium 
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containing 25 g/ml blasticidin. Replace selective medium every 4 to 5 

days until resistant cells start growing out (2 weeks). 

 

+2 weeks: Expansion 

11. Transfer resistant cells into new plates with medium containing blasticidin 

and pass cells at a 1:2 dilution (2 ml of fresh media to 1 ml of cells) to 

remove dead cells. 

12. Once stable S2 cell lines have been obtained, the cells can be maintained in 

medium containing a lower concentration of blasticidin (10 g/ l). 

 

Table 1. Cell lines used in Chapter 2 and 3. 

101A1 (Ko-Hsuan, Hung) 102b (Anna Luy) 104 (Anna Luy) 

DmSNAP43FMH DmSNAP43FMH DmSNAP43Stop 

DmSNAP50Stop DmSNAP43VH DmSNAP50Stop 

DmSNAP190Stop DmSNAP50Stop DmSNAP190FMH 

 DmSNAP190Stop DmSNAP190VH 

   

202b (Hsien-Tsung Lai) 504 (Mitch Titus) 505 (Mitch Titus) 

DmSNAP43Stop DmSNAP43Stop DmSNAP43Stop 

DmSNAP50FMH DmSNAP50Stop DmSNAP50Stop 

DmSNAP50VH DmSNAP190FMH HFDmSNAP190Stop 

DmSNAP190Stop   
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Appendix C: Purification of DmSNAPs from S2 cells by 

Nickel Chelate Chromatography 

 

MATERIALS 

1) 0.1M CuSO4 (sterile)(MW249.5 CuSO4•5H2O): 1.25g/50ml sterile double 

deionized H2O (ddiH2O), filter through corning 0.22 M CA (cellulose 

acetate) sterilizing filter system. 

 

2) Leupeptin (Roche Diagnostics Corporation, catalog number: 1017101) stock 

solution 5mg/5ml in ddi H2O.  Store at -20°C. 

 

3) 10x BCZ(-) buffer For 100ml 

  200 mM HEPES   4.77 g  HEPES free acid 

    (Fisher Biotech, BP310-1, MW: 238.3) 

  50 mM MgCl2   5 ml 1 M MgCl2  

  0.1 mM ZnCl2   1 ml 10 mM ZnCl2  

  2 mM EDTA   400 l 0.5 M EDTA 

Add diH2O to 90 ml; adjust pH with KOH to 7.9. Bring the final volume to 

100ml. Store at 4°C. 

 

4) 1M MgCl2 (MW: 203.31; MgCl2• H2O): 20.3 g/100mL. Store at 4°C. 

 

5) 4 M KCl (MW: 74.56): 59.6 g/200ml H2O. Store at room temperature. 

 

6) 10 mM ZnCl2 (MW: 136.28): 68.14 mg/5 ml H2O. Store at room temperature 

 

7) 1.0 M DTT (MW: 154.3): 154 mg/ml H2O. Store at -20°C. 
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8) 100 mM PMSF (GIBCO BRL, 5521UB, MW: 174.19): 87 mg in 50 ml of 

100% ethanol. Store at -20°C. 

 

9) Stock solution A for 5X Native Purification Buffer: 250 mM monobasic 

sodium phosphate (NaH2PO4)(MW: 155.99, NaH2PO4•2H2O) 2.5 M NaCl 

(MW: 58.5). Prepare by dissolving 7.8 g of monobasic sodium phosphate and 

2.9g of NaCl in 200ml of deionized water. Store at 4°C. 

 

10) Stock solution B for 5X Native Purification Buffer: 250 mM dibasic sodium 

phosphate (Na2HPO4)(MW: 141.96, Na2HPO4), 2.5M NaCl (MW: 58.5). 

Prepare by dissolving 7.1 g of monobasic sodium phosphate and 2.9g of NaCl 

in 200 ml of deionized water. Store at 4°C. 

 

11) 3M imidazole (MW: 68.08, C3H4N2): 10.2 g/50ml deionized water. Store at 

4°C. 

 

12) 5X Native Purification Buffer 

 

Put stock solution B in a beaker with a stirring bar stirring. Add stock solution 

A drop by drop to stock solution B (only need very small amount), until pH is 

8.0, this is 5X Native Purification Buffer. Store at 4°C. 

 

13) 1X Native Purification Buffer 

 

      To prepare 100 ml of 1X Native Purification Buffer, combine:   

• 20 ml of 5X Native Purification Buffer 

• Add double deionized H2O to 95 ml 

  Adjust pH to 8.0 with NaOH or HCl. Bring volume to 100ml with ddi H2O. 

Store   at 4°C. 
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14) Native Binding Buffer 

Prepare the Native Binding Buffer with 10mM imidazole to reduce the 

binding of contaminating proteins.  

• 30 ml of 1X Native Purification Buffer   

• 100 l of 3M Imidazole   

 Adjust pH to 8.0 with NaOH or HCl. Store at 4°C. 

 

15) Native Wash Buffer 

To prepare 50 ml of Native Wash Buffer with 20 mM imidazole, combine:    

• 50 ml of 1X Native Purification Buffer   

• 335 l of 3M Imidazole   

Adjust pH to 8.0 with NaOH or HCl. Store at 4°C. 

 

16) Native elution Buffer BCZ-100 (750 mM Imidazole)  

 

  For 50ml 

 1x BCZ  5 ml 10x BCZ (-) 

 10% glycerol 5 ml 100% glycerol 

 100 mM KCl 1.25 ml 4 M KCl 

 3 mM DTT 150 l 1.0 M DTT 

 0.5 mM PMSF 250 l 100 mM PMSF   

 750mM Imidazole 12.5 ml 3 M Imidazole 

Add deionized water to a final volume of 50ml in a conical 50ml screw cap tube. 

Store at 4°C. 

 

Expression of DmSNAPc in S2 cells 

 

1. Grow 8 plates (Corning 100X20 mm tissue culture plates) of cells, in selective 

medium to 80-90% confluency. 

2. Induce cells with copper sulfate; add to a final concentration of 0.5mM. 
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a) Prepare 0.1M sterile CuSO4.  

b) Use 5 l 0.1M CuSO4 per 1ml cells in media. (50 l per 10ml) 

c) Drop the 0.1M CuSO4 solutions evenly into the plate, swirl the plate. 

3. Incubate cells for ~24 hours. 

After 24 hours incubation (22-25°C), cells are ready for harvest. 

 

Harvesting the cells 

1. Harvest the cells by pipetting up and down to resuspend them in the media. 

2. Transfer cells to a GSA centrifuge bottle; centrifuge the cells at 3000Xg for 5 

minutes (4300 rpm in GSA rotor). 

3. Use about 10ml media (supernatant) from step 2 to resuspend cell pellet, then 

transfer cell pellet to a 15ml screw-cap tube, centrifuge the cells at 1000Xg 

(2500 rpm) in Sorvall LegendRT for 5 minutes at 4°C. 

It is preferable to lyse the cells immediately and proceed with the purification. 

If absolutely necessary, the cell pellet can be frozen and stored in liquid 

nitrogen. 

 

Preparation of ProBond
™

 Columns 

 

Note: Do not use strong reducing agents such as DTT with ProBond • columns. DTT 

reduces the nickel ions in the resin. In addition, do not use strong chelating 

agents such as EDTA or EGTA in the loading buffers or wash buffers, as these 

will strip the nickel from the columns. Be sure to check the pH of your buffers 

at room temperature before starting. 

 

 

When preparing a column as described below, make sure that the snap-off cap at the 

bottom of the column remains intact. To prepare a column: 

1. Resuspend the ProBond resin in its bottle by inverting and gently tapping the 

bottle repeatedly. 
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2. Pipette or pour 2 ml of the resin suspension into a 10 ml Purification Column 

(Bio-Rad, catalog number: 731-1`550). This will give 1ml of settled resin. 

Allow the resin to settle completely by gravity (5-10 minutes) or gently pellet 

it by low-speed centrifugation (1 minute at 800 X g, ~2200 rpm) in Sorvall 

LegendRT centrifuge. Gently aspirate the supernatant. 

3. Add 6 ml of sterile, distilled water and resuspend the resin by alternately 

inverting and gently tapping the column. 

4. Re-pellet the resin using gravity or centrifugation as described in Step 2, and 

gently aspirate the supernatant. 

5. For purification under Native Conditions, add 6 ml of Native Binding Buffer, 

working in the cold room. 

6. Resuspend the resin by alternately inverting and gently tapping the column. 

7. Re-pellet the resin using gravity or centrifugation as described in Step 2, and 

gently aspirate the supernatant. 

8. Repeat Steps 5 through 7.  Keep prepared column at 4°C. 

 

Lysis of cells 

 

1. Resuspend the cell pellet in 7 ml of CelLytic™ M cell lysis reagent (Sigma 

C2978-250 ml) with 70 l protease inhibitor cocktail (Sigma P8340) and 

final 10 mM imidazole. 

2. Lyse the cells by incubation at 4°C for 15 minutes. (From now on all 

procedures are carried out in 4°C environment. 

3. Centrifuge the lysate at 13,000 X g (~12,100 rpm) in Marathon Micro A 

desktop centrifuge for 15 minutes to pellet the cellular debris. 

4. Transfer the supernatant to a fresh tube. 

5. Remove 200 l of the lysate for future analysis and store in -80oC or liquid 

nitrogen. Temporally store remaining lysate on ice. 
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Purification 

In 4 ° C cold room: 

1. Add 6.8 ml of lysate to a prepared purification column. 

2. Bind for 2 hours using end-tilt-rolling gentle agitation to keep the resin 

suspended in the lysate solution (Do not end over end the solution, this will 

cause unwanted protein denature). 

3. Settle the resin by gravity or low speed centrifugation (2 min. at 800Xg, 1833 

rpm) in Sorvall LegendRT centrifuge, and carefully aspirate the supernatant. 

Save 200 l of the supernatant (flow through from column). 

4. Wash Column with 4 ml Native Wash Buffer by resuspending the resin with 

gentle inverting. Settle the resin by gravity or low speed centrifugation (2 min. 

at 800Xg) in Sorvall LegendRT centrifuge, and carefully aspirate the 

supernatant.  

5. Repeat Step 4 three more times. Save 200 l of each washes to monitor non-

specific proteins binding (This may depend on cell lines). 

6. Clamp the column in a vertical position and snap off the cap on the lower end. 

Elute the protein with 6 ml, add 1 ml each time, BCZ-100 (750 mM imidazole) 

elution Buffer. Collect 2 ml fractions into screw-cap tubes and aliquots 200 l 

of each elution fractions into 1.5 ml screw-cap tubes (this will hold max. 2 ml). 

Store the Elution1- Elution3 in liquid nitrogen. Or these elution are subjected 

to dialysis. 

 

Note: The elution fractions can be directly used for band-shift or super-shift at 

2-12 l per reaction, or the elution fractions can be concentrated and less 

volume used for band-shifts. For photo-cross-linking experiments, imidazole 

in the elution fractions will interfere with photo-cross-linking. Therefore, 

the elution fractions must be dialyzed, in BCZ-100, and concentrated if 

they are to be used for photo-cross-linking. 
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Procedure for dialyzing DmSNAPc 

1. Select dialysis tubing with molecular weight cutoff (MWCO) 12-14 kDa, 16.0 

mm diameter (Spectra/Por Dialysis Membrane), cut the tubing into 15-20cm 

pieces (depending upon how much protein you want to put in each tubing). 

2. Boil the tubing in de-ionized water for half an hour, and then cool down in 

cold room overnight. 

3. In the cold room, use dialysis clamp to close one end of the tubing, pipette the 

protein into the tubing, use another clamp close the other end. 

4. Put the dialysis tubes into a beaker containing cold 1 L BCZ-100 (20 mM 

HEPES, 5 mM MgCl2, 10 M ZnCl2, 200 M EDTA, 100 mM KCl, 3 mM 

DTT, 0.5 mM PMSF and 10% glycerol (by volume)) with a stirring bar 

continuously stirring. The DTT and PMSF added immediately prior to 

dialysis. Dialyze against 2 more changes of 1 L BCZ-100 for 2 hours each for 

total 6 hours. 

5. After dialysis, separate into aliquots 150 l in 1 ml screw-cap tubes, freeze 

quickly in liquid nitrogen. Avoid frequent freeze/thaw cycle for this will 

denature protein. 

 

Procedure for concentrate dialyzed DmSNAPc 

If necessary, liquid nitrogen stored elution can be concentrated as described 

below. 

1. Select Centricon YM-30 centrifugal devices (with molecular weight cutoff 30 

kDa), insert sample reservoir into filtrate vial according to the manufacturer's 

instruction. 

2. Add dialyzed protein to sample reservoir (2 mL maximum volume). Do not 

touch membrane with pipette tip. Seal the device by covering the sample 

reservoir with parafilm, use 25G needle to punch some holes on the parafilm to 

release the vacuum.  

3. Place covered device and attached filtrate vial into an SS-34 centrifuge rotor; 

counterbalance with a similar device. 
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4. Spin Centricon YM-30 centrifugal devices at 1000–5000 X g (3000-6500 

rpm) in a SS34 rotor. Check the protein level every hour. When the protein left 

in sample reservoir is around 1/10 of the original volume, stop centrifugation. 

This may take 4-8 hours depending on the condition of the protein you want to 

concentrate. 

CAUTION: Do not exceed centrifugation limits described in “Limitations” 

section. 

5. Remove centrifugal filter assembly from centrifuge; then separate filtrate vial 

from sample reservoir.  

6. Place retentate vial over sample reservoir and invert unit to recover the 

retentate. Centrifuge at 300–1000 Xg (1600-3000rpm) in a SS34 rotor for two 

minutes to transfer concentrate into retentate vial. 

7. Remove device from centrifuge. Separate retentate vial from concentrator. The 

concentrated protein is in the retentate vial. Aliquot concentrated protein into 1 

ml screw-cap tubes, each tube 150 l, store in liquid nitrogen. 
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Appendix D. Protocol for band-shift or super-shift assay 

 

Material: 

 

1. 10x Non-circulation buffer [0.25M Tris, 1.9M Glycine, 10mM EDTA], pH8.3 

       Reagents 

                                                    MW                        1 liter          2 liters 

       Tris                                   121.14                        30.29g         60.58g 

       Glycine                               75.07                      142.64g       285.28g 

       EDTA                               372.24                          3.72g           7.44g 

       ddH2O (add 800ml , then pH to 8.3 with concentrated HCl before bring to 

the final volume) 

 

2. 40% (30:1) non-denaturing acrylamide stock solution 

       Reagents 

                                                                  100ml              500ml 

       Acrylamide                                          38.71g            193.55g 

       bis-acrylamide                                       1.29g               6.45g 

                                                                     (filter solution) 

 

3. 10% APS: 

 Weigh 1.0 gram APS, add ddH2O to 10 ml. 

 

4. Running Buffer 

       1x non-circulation buffer   (Note: use the same buffer for gel preparation) 

 

5. poly d(I-C) or poly d(A-T) preparation. (from Pharmacia) 

        - assume 50 g/unit 

        - use BCZ-100 as diluent 

        - target dilution of 3 g/ l 

        - check OD260 reading of resuspended poly d(DNA):  -2 l diluted sample 

                                                                                                   + 

                                                                                          -158 l of ddH2O 
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6. 10x BCZ(-) buffer For 100ml 

  200 mM HEPES 4.77 g  HEPES free acid 

    (FisherBiotech, BP310-1, MW: 238.3) 

  50 mM MgCl2 5 ml 1 M MgCl2  

  0.1 mM ZnCl2 1 ml 10 mM ZnCl2  

  2 mM EDTA 400 l 0.5 M EDTA 

 

Add deionized H2O to 90 ml, adjust pH with KOH to 7.9. Bring the final 

volume to 100 ml. Store at 4°C. 

 

7.  1M MgCl2 (MW: 203.31, MgCl2• H2O): 2.03 g/10ml. Store at 4°C. 

 

8. 4 M KCl (MW: 74.56): 5.96 g/20ml H2O. Store at room temperature. 

 

9. 10 mM ZnCl2 (MW: 136.28): 6.8.14m g/50 ml H2O. Store at room 

temperature. 

 

10. 1.0 M DTT (MW: 154.3): 7.72 g/50 ml H2O. Store at -20°C. 

 

11. 100 mM PMSF (GIBCO BRL, 5521UB, MW: 174.19): 87 g in 50 ml of 100% 

ethanol. Store at -20°C. 

 

 

12. 1x BCZ-100 

         For 50ml 

 1x BCZ  5 ml 10x BCZ(-) 

 20% glycerol 10 ml 100% glycerol 

 100 mM KCl 1.25 ml 4 M KCl 

 3 mM DTT 150 l 1.0 M DTT 

 0.5 mM PMSF 250 l 100 mM PMSF   

 Add H2O till 50ml  
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Annealing synthetic oligonucleotides to make double stranded probe 

 

10X MPS 

---------------------------- 

100 l 1M Tris pH 7.5 

125 l 4M NaCl 

100 l 1 M MgCl2 

7.7 mg DTT 

10 l of 50 mg/ml BSA 

665 l Water 

---------------------------- 

1 ml total 

 

Store at -20°C for up to 2 months. 

 

This is a 60 l total volume reaction in a 1.5 ml eppendorff tube or other similar tube. 

1. Add 20 l of 10X MPS buffer (recipe above) to tube. 

2. Add water to 60 l total volume after oligos are added 

3. Add 6 g each of the upper and lower oligos. 

4. Final concentration will be 0.2 g/ l. 

5. After oligos are mixed, place in 95°C heat block or water bath for 5 minutes. 

6. Move to 65°C water bath for 15 min. 

7. Move to 37°C for 15 min. 

8. Leave at room temperature for 15 min. 

9. Make sure to spin down condensation from sides’ prior to use. 

 

Labeling oligonucleotides with -dCTPs 

 

U1PSEA/B-22/-68Up and LO 

Sequence of the oligonucleotides: 

5' GTTCGTTGCAATTCCCAACTGGTTTTAGCTGCTCAGCCATGGAAACC 3' 
3'  AAGCAACGTTAAGGGTTGACCAAAATCGACGAGTCGGTACCTTTGGG 5' 

To a 1.5 ml Eppendorf tube, add the following ingredients: 
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1. Up to 1 g of the annealed oligonucleotide with available ends for labeling.  

2. 2 l each of up to 3 unlabeled cold dNTPs, 2 mM each dTTP, dATP, and 

dGTP, for 6 l total. 

3. 5 l of 10 X Klenow buffer (supplied with enzyme). 

4. 7 l of labeled nucleotide dCTP. 

5. Water to 49 l total volume. 

6. Add 1 l of Klenow fragment- usually purchased from BRL.  Make sure we 

have some prior to starting. 

7. Incubate at room temperature for 30 min. 

8. Stop reaction with 2 l of 0.5 M EDTA. 

9. Remove free nucleotides by running through a G-25 Sephadex quick spin 

column. 

 

To prepare and use spin column: 

 

Purify labeled probe from unincorporated nucleotides over a Sephadex G-25 column  

[Roche (Boehringer Mannheim)]. 

 

1. Remove spin column, and 2 collection tubes from refrigerator. 

2. Remove top and bottom caps from column after checking that no column 

media is caught in cap (if it is, shake tube like thermometer to dislodge and 

continue). 

3. Drain column by placing in first collection tube and emptying tube 

regularly until no more drains from tube. 

4. Place the empty first collection tube back on bottom of column, and place 

entire assembly into 15 ml snap cap tube, spin in RT-6000 at 3200 rpm for 

3 min. 
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5. Remove collection tube from column, and make sure that no liquid remains 

in bottom of column.  If not properly spun, remaining liquid will dilute 

labeling reaction. 

6. Apply the 50 l. of labeling reaction to center top of column.  Liquid will 

saturate the top few mm of column.  If liquid is applied to edge, it will not 

properly move down the center of the column. 

7. Place the second clean collection tube on the bottom of the column, place 

back into snap cap, and spin in Sorvall LegendRT  at 3200 rpm for 3 min.   

8. After spin, column should be radioactive,(usually more so than the tube), it 

should be discarded in radioactive waste. 

9. Collection tube should be fitted with provided cap from kit, and a 2 l 

aliquot removed and counted. 

10. Usually 1 g of labeled oligo yields around 50 million cpm total. 

 

Band- or Super-shift Gel 

 

1) Prepare a 5% non-denaturing polyacrylamide gel for the band-shift or 

super-shift assay. Prepare a solution of 7.5 mL 40% acrylamide, 6 mL 

10x non-circulation buffer, and 46.5 mL dH2O. Take 55 mL of this 

solution and add 400 l of 10% APS and 40 l of TEMED, mix well 

and pour a gel. Allow gel to polymerize for approximately 1 hr. 

 

2) Prepare to set up binding reactions. All chemicals, proteins and 

antibodies must be kept on ice at all times. 

 

3) Make appropriate DNA probe dilution: 50,000 CPM/ l using BCZ-100 

as diluent. 
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4) Prepare probe master solution by adding 1 l of 0.1 M DTT and 1 l of 

diluted probe for every desired lane.  Prepare enough for one more 

reaction than necessary. 

 

5) DmSNAP: Each reaction should contain 10 l of DmSNAP, according 

to the previous band-shift titration, add appropriate amount of BCZ-

100 to adjust the final volume to 10ul.  Dilute enough protein for one 

more reaction than necessary.   

 

6) To prepare binding reactions, add components in the following order: 2 

l BCZ-100, 1 l of 2 g/ l poly d(I-C), 2 l of master probe mix, 10 

l diluted DmSNAP where applicable. If it's a band-shift assay, allow 

DNA to bind to DmSNAP for 30 minutes in a water bath in a beaker 

adjusted to 25°C. 

 

7) If it's a super-shift assay, allow DNA to bind to DmSNAP for 15 

minutes at 25°C, then add 1 l of the appropriate pre-immune serum, 

antiserum or antibody to the appropriate fractions, then allow to react 

for 15 minutes at 25°C. 

 

8) Set up polyacrylamide gel by using 1x non-circulation band shift 

buffer. Allow gel to run without samples at 100 volts for 1/2 hr. 

 

9) Load reacted mixes to gel and flank lanes with 10 l of non-denaturing 

dye. Allow gel to run at 100 volts until fast dye is approximately (3/4) 

through the gel. 

 

10) Expose gel to regular x-ray film with intensify screen at -80°C for 18 

hr. 
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Appendix E: Detailed protocol for western blot 

 

Stock solutions: 

(1) 40% acrylamide stock solution: (19:1; acrylamide: bis-acrylamide) Store at 4ºC. 

  For 500 ml 

  190 g acrylamide 

    10 g bis-acrylamide 

  add ddH2O to 500 ml, filter the solution.  

(2) Lower Buffer: Store at 4ºC. 

 1.5 M Tris-HCl (pH 8.0) 

 0.4% SDS 

(3) Upper Buffer: Store at 4ºC. 

 0.5 M Tris-HCl (pH6.8) 

 0.4% SDS 

(4) 2 x Sample Buffer Solution: Store at -20ºC. 

 0.2 mM Tris-HCl (pH 6.8) 

 40% glycerol 

 4% SDS 

 0.56 M b-mercaptoethanol 

 2 g/ml of bromophenol Blue dye 

(5) 1x Electrophoresis Buffer: Store at RT. 

6.0 g Tris-base 

 28.5 g of glycine 

 1 g SDS 

Add ddH2O to bring the final volume to 1 liter. 

 

(6) Tris buffered saline (TBS): Add 6.05 gm Tris base (50 mM) and 29.22 gm NaCl 

(500mM) to 800 ml ddi water, adjust pH to 7.5 with HCl, adjust to 1 liter with ddi 

water.  

  

(7) TBS-Tween  20 (TBST): Dilute 1 ml of Tween  20 in 1 liter of TBS. 

 

(8) 1% (w/v) blocking solution:  Add 1 g of BSA into 100 ml of TBST.  
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Gel recipes: 

4.5 % stacking gel on a 10% PAA resolving gel: 

Resolving gel              1 gel   2 gels 

30% PAA                   7 mL              14 ml                                                    

1.5 M Tris pH 8      5.25ml             10.5 ml  

ddi H2O           8.5 ml  17 ml    

        

10% SDS    420 l                                                              

10% APS     400 l                    

TEMED    40 l                                                                

 

Stacking gel               1 gel   2 gels 

30% PAA                   1.3ml             2.6 ml 

0.5 M Tris pH 6.8       2.5ml               5 ml 

ddi H2O                 6 ml             12 ml 

10% SDS                                         200 l 

10% APS                        200 l                                                   

TEMED                        20 l                                                                

 

1. Layer stacking gel with t-amyl alcohol until polymerized. Pour off and rinse 

twice with ddi water. Blot water with filter paper. Pour stacking gel and let 

polymerize. 

 

2. Run until bromophenol Blue marker is at the bottom of the gel.  

 

3. Perform electrophoretic transfer of the proteins to PVDF membrane as 

follows: 

 

4. Equilibrate gel in transfer buffer (Tris, Glycine, and Methanol (MeOH)) for 15 

minutes. 

 

5. Soak the PVDF membranes first in methanol (PVDF is so hydrophobic that it 

will float in transfer buffer, but once soaked in MeOH, it can then be 

equilibrated in transfer buffer.  Soak gel pads and filter paper in transfer 

buffer.  Make gel sandwiches and transfer for 1.5 hr. at 100 V. 
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6. Wash membranes for 5 min in TBS (with rocking). 

 

7. Block 2 hours (usually 1 hour to 2 hours is okay) in 1% BSA blocking solution 

(1 g BSA in 100 mL fresh, refrigerated TBST). 

 

8. Pour off the blocking solution and wash membranes in TBST twice for 5 

minutes each wash. 

 

9. Prepare a dilution of antibody (1:3000) - 1 l in 3 mL BSA blocking solution. 

 

10. Incubate membranes two hours in primary antibody solution. 

 

11. Wash membranes three times in TBST, 5 minutes each wash. 

 

12. Prepare a dilution of secondary antibody (1:5000) – 4 l Anti-Rabbit IgG(Fc) 

AP conjugate (1mg/ml) in 20 mL BSA blocking solution. 

 

13. Incubate membranes 1 hour in secondary antibody solution. 

 

14. Wash membranes twice in TBST, 5 minutes each wash. 

 

15. Wash in TBS (to remove Tween-20). 

 

16. Pour on ~12 mL AP substrate (Promega Western Blue) and watch for color 

development. 

 

17. Incubated between 1 and 10 minutes or until bands became distinct. 

 

18. Wash membranes in water for at least 3 minutes to stop color development. 
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Appendix F: Site-specific protein-DNA photo-cross-linking 

of DmSNAPc/PSEA using Azidophenacyl Bromide as Cross-

linking agent 

 

All procedures involving azidophenacyl bromide, or its derivatives, are carried 

out in dim light, just enough light to see the label on the tubes and to be able to 

perform the experiments. All samples containing azidophenacyl bromide or its 

derivatives are stored in containers wrapped with aluminum foil and stored at -20ºC or 

-80ºC.  

 

I. INCORPORATION OF AZIDOPHENACYL BROMIDE INTO 

OLIGONUCLEOTIDE 

 

1. Preparation of azidophenacyl bromide (APB).  

Weigh out 10 mg APB (Sigma CAT# A5407, 500 mg, Mw = 240.1) in dim 

light and dissolve in 1 ml of chloroform (42 mM). Pipette 100 l aliquots (1 mg or 

4.2 mole) in 1.5 ml microcentrifuge tubes, and dry each aliquot in Speed-

Vacuum. Store at -20ºC. Immediately before use, dissolve one aliquot in 220 l of 

methanol, and use 55 l (250 g, 1 mole) for each of the incorporation reactions 

in step 3.  

 

2. Phosphorothioate substituted oligo.  

20-28 base oligonucleotides containing phosphorothioate 5' to the third 

nucleotide are commercially synthesized from Integrated DNA Technologies, Inc. 

Gel purifiy oligonucleotides on 20% polyacrylamide gels (29:1 acrylamide/bis 

acrylamide) containing 8 M urea, 1X TBE. Divide the purified oligo into 103 g 

(~12.5 nmole) aliquots in 1.5 ml microcentrifuge tubes, dry each aliquot in heated 

Speed-Vacuum, and store at -20°C.  
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For determining the concentration of the oligonucleotides, use the equation: C 

(pmole/ l) = A260 X 100/(1.5 NA + 0.71 NC+ 1.20 NG+ 0.84 NT ) or C ( g/ l) = 

A260 X 10
-4 X Mw/(1.5 NA + 0.71 NC + 1.20 NG + 0.84 NT or ) or C ( g/ l) = A260 

X 30/1000 for approximate calculation. C is the concentration of the 

oligonucleotides. A260 is the absorbance at 260 nm. N is the number of residues of 

base A, G, C, or T. Mw is the molecular weight of oligonucleotides. For the detail, 

see "Current Protocols in Molecular Biology", A.3D.1-3. Or A260 X 3.3 X Dilution 

Factor (unit = pmole/ l). The IDT Company also ships the oligonucleotide 

specification sheet with oligos. 

 

3. Incorporation of cross-linking agent. (Remember to carry out all steps in dim light.) 

a. Dissolve 103 g of dried phosphorothioate substituted oligo (~25-mer) in 

1.5ml tube with 50 l of ddH2O  

b. Add 5 l 1 M potassium phosphate buffer (1M K2HPO4 61.5 ml + 1M 

KH2PO4 38.5ml, pH 7.0).  

c. Add 55 l of APB in methanol from step 1 (250 g, 1 mole). 

d. Incubate 3 hrs at 37°C.  

Longer incubation times may cause side products of shorter 

oligonucleotides and may not improve incorporation yield. The 

incorporation yield, which ranges from 80~90%, can be estimated 

using a 15% denaturing polyacrylamide gel. The APB-incorporated 

oligo migrates slower than the phosphorothioate-substituted oligo.  

 

Note: Four criteria for good denaturing condition for gel electrophoresis of 

oligos:  

a. Formamide containing LB (1-2X LB, 95% formamide, 18 mM EDTA, 

0.025% SDS, Xylene Cyanol, bromophenol Blue).  

b. Urea (8M) containing gel.  

c. Warm up samples before running at 65°C.  

d. Run gel in warm temp (by high voltage). 
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4. Precipitation of oligo. 

To the reaction above,  

a. Add 11 l of 3 M sodium acetate and 400 l of ethanol, sit in ethanol-

dry ice bath for 30 min, and spin 15 min in microcentrifuge.  

b. Pipette out the solution. Re-dissolve pellet in 100 l 0.3 M sodium 

acetate. Then add 300 l ethanol, sit in ethanol-dry ice bath for 30 min 

then spin 15 min in microcentrifuge.  

c. Wash the pellet using 70% ethanol 

d. Re-dissolve in 25 l of ddH2O. Divide the solution into 12 l aliquots 

and store in light-tight containers at -80°C. It is not necessary to dry the 

aliquots. 

 

5. Determination of concentration. 

Determine concentration on one aliquot by OD260. Mix 2 l of an aliquot from 

step 4d in 198 l ddH2O to make 1/100X dilution. Make further dilutions as needed 

to get an accurate OD260 reading (between 0.3 and 0.8). Then make a 50 l stock of 

the incorporated oligo solution with the final concentration 5 pmole/ l in ddH2O. 

(see equations above, step 2) 

 

II. PHOSPHORYLATION, ANNEALING, EXTENSION AND LIGATION 

 

Phosphorylation 

1. T4 polynucleotide kinase. (NEB. CAT# 201L, 2500 units, 10 U/ l) 

 

2. Adenosine-5'-triphosphate [ -
32

P] crude (~7000 Ci/mmole: ICN CAT# 35020, 

22.9 pmole/ l, 166 Ci/ l). Use 166 Ci/reaction. 

or 

Adenosine-5'-triphosphate [ -
32

P] (~6000 Ci/mmole; 222 TBq/mmol, 10 Ci/ l 

0.05 ml of 50 mM Tricine (pH7.6), green. Perkin-Elmer CAT# BLU502Z250UC, 

BLU502Z500UC or BLU502Z001MC). Use 150 Ci/reaction. 
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3. Prepare:  

   Eppendorff opener to open all tubes 

12 % denaturing PAGE for checking extension/ligation efficiency. 

10 % SDS PAGE 

8 % Native PAGE (Large) for purification 

dNTP (65°C thaw for 10 sec, vortex, spin down, keep on ice) 

Take 3X2 = 6 l APB-oligos to 1 set of eppendorff & 1 set of screw cap 

microtube. 

 

10X phosphorylation buffer  Stock  Amount ( l) 

 500 mM Tris-HCl (pH 7.6) 1 M  500 l 

 100 MgCl2   2 M  50 l 

 15 mM -mercaptoethanol 1 M  15 l 

 H2O      435 l 

 

4. Phosphorylation reaction.  (Shielded at all time) 

 

Component (mix well)      Rx ( l)  

 

ddH2O         19 or 5  

10X phosphorylation buffer [yes, use 2 l]   2  

T4 polynucleotide kinase (BioLabs #0201S, 10U/ l)   1  

• -
32

P-ATP 

5 mCi Bottle; 166 Ci; 23.7 pmole or   1 or 

250, 500 or 1,000 Ci Bottle; 150 Ci; 25 pmole   15  

 

--------------------------------------------------------------------------------------- 

                 23 l 

 DNA (5 pmole/ l)       2 l 

--------------------------------------------------------------------------------------- 

                 25 l 

 

Vortex gently, spin down, then react at 37°C for 60 min in the dark. 

Turn on 65°C water bath in hood in dark room for annealing. (Turn on many hours 

ahead of time) 
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Annealing 

1. "10X" annealing buffer: 400 mM Tris-HCl (pH7.9), 500 mM NaCl, 100 mM 

MgCl2.  

 

2. A ~82 bases oligo is used as a template for annealing the upstream primer 

(Described below) and the oligo derivatives prepared from the previous step. 

Purify the template oligo on an 8% polyacrylamide gel (29:1 

acrylamide/bisacrylamide) containing 8 M urea and 1 X TBE, it migrates around 

the slow dye. Dilute an aliquot of the purified template oligo to a concentration of 

1 pmole/ l.  

 

3. Upstream primer: the 20 mer upstream primer is complementary to the last 20 

bases of the 3' end of the template. Purify it on 20% polyacrylamide (29:1, 

acryl/bis) containing 8 M urea and 1X TBE. Dilute an aliquot of the purified oligo 

to 5-pmole/ l concentration. 

 

4.  Annealing 

Prepare two sets of annealing reactions. One is used as a control in the next step 

without adding ligase. 

 

 Below for 1 reaction: 

 Sample     Volume ( l) 

 
32

P-Labeled APB-oligo   25 (from phosphorylation step) 

 "10X" annealing buffer [yes, use 2 l] 2  

 Upstream primer (5 pmole/ l; 20 pmole) 4 

H2O (sterile)     2  

 Template (1 pmole/ l)   2  

 ------------------------------------------------------------------------------- 

       35 l 

 

Heat to 65°C for 2 min; cool down slowly to 35°C over 1-1.5 hrs in 400-600 ml 

65°C water in 1-liter glass beaker. (Leave beaker of water at RT not in water bath) 
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Extension and ligation 

1. T4 DNA polymerase. (NEB CAT# 203L-750units; 3U/ l) 

 

2. T4 DNA ligase. (NEB CAT# 202L 100,000 units, 400 U/ l). 

(Note that NEB and Invitrogen define the ligase units very differently) 

 

3. To the above annealed sample, add: 

   Rx 

---------------------------------------------------------------------------------- 

 10X BSA (10mg/ml)    0.4 l 

 10 mM dNTP     3 l 

 100 mM ATP     0.8 l 

 H2O      2 l 

 T4 DNA polymerase (Last) 3U/ l  0.8 l (2U) 

 T4 DNA ligase (Last) 400U/ l  2 l (800U)  

 Mixture from annealing   34 l  

---------------------------------------------------------------------------------- 

 Total      43 l 

 

o Keep components on ice before use & return to ice immediately after use 

o Spin > Gently shake > Spin 

o React at 37°C for 30-60 min. Extending the reaction time to 2 hours may 

improve the yield. 

o Return components to freezer. 

 

4.  Check the extension and ligation on a 12% denaturing PAGE.  

Clean & pre-run the gel for 30min at 450V 200Watt (Gel should be warm but 

not hot too touch). Mix 1 l reaction mixture with 5 l denaturing loading buffer. 

Heat at 90°C for 5 min. Then load on a 12% polyacrylamide (29:1 

acrylamide/bisacrylamide) containing 8M urea, 1X TBE gel. Also load 
32

P-labeled 

82-mer template as control on the same gel. Run for 45 minutes until fast dye 

migrates 2/3 of the length of the gel. Expose the gel for 1~2 hour. Compare the 

radioactive band of the reaction with the control, which does not contain T4 ligase 
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or from previous labeled probes. On this denaturing gel, the band that migrates at 

approximately the same position as the 82-mer template is the ligated product. The 

non-ligated products run at the same positions as those in the non-ligated control 

sample.  

 

III. PURIFICATION OF THE DERIVATIZED DOUBLE-STRANDED DNA 

 

IMPORTANT: Every step must be performed behind the shield including gel 

electrophoresis. And each step must be monitored with Geiger counter. 

Mix the remainder of the ligated sample (and non-ligated control) (~ 43 l) 

with 10 l of 60% glycerol (final glycerol: 10-15%). Load both the ligated and 

control samples on a 40x29 cm 8% polyacrylamide (29:1 acryl/bis)-1XTBE native 

gel with a 1 mm gel thickness and 1.2 cm well width. A 10 l sample of 1X 

loading buffer (5X loading buffer: 0.3125 M Tris-HCl [pH 6.8], 50% glycerol, 

0.125% bromophenol blue, 0.2% xylene cyanol) is loaded in a separate well as a 

migration control. Electrophorese at 500-600 volts at RT for 2.5 hrs. 

IMPORTANT: Keep the gel temperature below 45°C.  

 

Stop electrophoresis when the fast dye has migrated 8 inches from the bottom 

of the sample well or slow dye has migrated 8 cm from the bottom of the sample 

well. Transfer the running buffer in the upper reservoir carefully into the specified 

radioactive waste container. Before taking the gel plates off the gel apparatus, use 

Kimwipes to clean all the residual buffer or solution on the plates and dispose 

Kimwipes in radioactive waste. Then lay the plates behind the shield. Separate the 

two glass plates with the help of a spatula, leaving the gel on the bottom plate. 

First cut the gel right between the fast dye and slow dye then dispose the bottom 

part of the gel that contains most of the undesired radio-labeled products and free 

32
P-nucleotides. This will reduce your potential radiation exposure in the 

following steps. Autoradiograph the upper part of the gel for one min. Determine 
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the desired band on the gel (Fully extended and ligated product) as described in 

the note below.  

 

Note: In order to separate the ligated and nicked fragments of the same size, it is 

necessary to allow the long electrophoresis time. However, it is important to retain 

the radioactive nucleotides in the gel that will make the cleanup work much easier 

and greatly reduce contamination during the gel slicing procedure. The non-ligated 

control sample from step 4 should be included in order to differentiate the ligated 

double-stranded fragment from the nicked (non-ligated) one. The ligated fragment 

migrates faster than the nicked fragment of the same size (these difference may 

not be obvious if electrophoresis is stopped too early). 

Elution.  

Slice out the band containing the ligated fragment. Cut the slice into smaller 

pieces. Transfer them into a 2 ml microcentrifuge tube (AxyGen, Inc. SCT-200-C-

S, 331-55-061, Cat. # 22-251). Add 150 l of 0.1 X SSC (15 mM NaCl; 1.5 mM 

sodium citrate; 0.22 m filtered) and put the tube in a 24-well beta rack (VWR 

CAT# 60985-428). Wrap the container with two-layer aluminum foil and place the 

rack in the incubator shaker. Elute the DNA at 200 rpm at 37°C for 4-5 hr, 300 rpm 

at 30°C for 4-5 hrs or 200-300 rpm at 25°C for overnight. Pipette the eluent into 1.5 

ml microcentrifuge tube. Take 2 l to measure the radioactivity by Beckman-

Coulter LS 6500 Multi-Purpose Scintillation Counter for automatic counting. The 

counts from different samples vary from 150,000-200,000 cpm/ l depending upon 

the ligation yield. If a lower yield is expected, less volume of eluting buffer can be 

used (such as 100 l).   

CAUTION: Extreme care must be taken when working with radioactivity in dim 

light. Check the operating area after each step, especially after the purification and 

elution steps. Avoid opening tubes with fingers. Use tube opener at all times.  
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IV. PHOTO-CROSS-LINKING of DmSNAP 

 

1. HEMG-100 buffer: 25 mM Hepes, K
+
 (PH 7.6), 12.5 mM MgCl2, 0.1 mM EDTA, 

10% (v/v) glycerol, 100 mM KCl. 

 

2. Nonspecific DNA carrier: prepare a solution that contains both 1 g/ l poly (dI-

dC).poly (dI-dC) and 1 g/ l poly (dG-dC).poly (dG-dC) in TE buffer. 

 

3. DNA probes: The oligo derivatives is prepared and purified as described above. 

Use 100,000 cpm for each reaction.  

 

4. Source of DmSNAP. Drosophila SNF is subjected to DEAE cellulose and heparin 

agarose chromatography as previously described [Su et al., Europ. J. Biochem. 

248, 231-237 (1997)]. The HA300 fraction, enriched in DmSNAPc activity, is 

dialyzed against two changes of HEMG-100 buffer over 5 hrs and concentrated 5-

8 times using ultra free-15 Centrifugal Filter Devices (Millipore 

CAT#UFV2BGC10) to a final protein concentration of approximately 2.8 mg/ml. 

Thaw rapidly and immediately place on ice.  

If DmSNAPc is used that has been prepared using nickel-chelate 

chromatography, the DmSNAPc must be dialyzed to remove imidazole. If 

DmSNAPc is used that has been prepared by FLAG affinity chromatography, the 

DmSNAPc must be dialyzed to remove 3X FLAG peptide. Imidazole and excess 

FLAG protein will interfere with the photo-cross-linking. In each case, the dialysis 

should be against 3 changes of HEMG-100. 
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5. Formation of DNA- DmSNAPc.  

 

In a 1.5 ml microcentrifuge tube, mix the following solutions on ice. 

------------------------------------------------------------------------------------------- 

 H2O       (4-N)  l 

 HEMG-100      1 l  

 Nonspecific DNA carrier    1 l 

 DmSNAPc containing samples   4 l 

 DNA probe      N l (100,000 cpm) 

------------------------------------------------------------------------------------------- 

        10 l 

 

Incubate in 25°C water bath for 30 min. The final concentration of reaction is 

12.5 mM Hepes [pH=7.6], 50 mM KCl, 6.25 mM MgCl2, 0.05 mM EDTA, 5% 

(v/v) glycerol.  

If a specific competitor is used, incubate the specific competitor first with the 

reaction mix that includes nonspecific DNA carrier, HEMG-100, and DmSNAPc 

fraction on ice for 5 min before the addition of DNA probe.  

 

 

6. UV-irradiation.  

Open the reaction tubes and place them in an 80-tube-place rack. Then place 

the holder in a Spectro-linker
TM

 XL-1500 UV Cross-linker (Spectronic 

Corporation) equipped with light tubes emitting 313 nm UV light. Irradiate for 10 

min at room temperature with the top of the tubes about 5 cm from the bulbs.  

 

7. DNase I digestion. (digest ds/ss DNA) 

Before this step heat samples to 65°C for 3 minutes then cool down on ice for 

1 minute. (This step was not in the original protocol and is optional) 

To 10 l of the reaction from the above step, add 0.5 l of 0.2 M CaCl2 (final 

~10 mM), 0.5 l of 4 mM PMSF (final ~0.2 mM), 0.5 l of 100 g/ml Leupeptin 

(final ~5 g/ml) and 0.5 l of 200 g/ml Aprotinin (final ~10 g/ml) respectively. 
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Then add 2 l DNase I (Promega CAT#M6101, 1U/ l) with a final volume of 14 l 

then incubate at 25°C water bath for 20-30 min.  

 

8. S1 nuclease digestion. (digest ssDNA) 

Add 0.7 l of 10% SDS (final~0.5%) to the above DNase I digestion reaction 

mix. Heat at 65°C for 3 min.  

Then at room temperature add 0.69 l of 1.75 M HOAc, (final ~73 mM), 0.57 

l of 30 mM ZnSO4 (final ~1 mM), 0.57 l of 4 mM PMSF (final ~0.2 mM), and 1 

l (400 units) S1 nuclease (Invitrogen, CAT#: 18001-016, 400-1,500 U/ l) with the 

final volume of 17 l. React at 37°C for 20-30 min. Caution: DO NOT use expired 

or < 400 U/ l S1 nuclease for they may give fuzzy bands. 

 

9. SDS-PAGE. 

Adjust pH to 6.8 by adding 1 l of 1.5 M Tris-HCl (pH 8.8). Add 7.7 l of 10 

M urea. Finally add 6 l of "5X" loading dye (0.3125 M Tris-HCl (pH 6.8), 50% 

glycerol, 10% SDS, 25% -mercaptoethanol and 0.125% bromophenol blue). Heat 

at 90-100°C for 2 min.  

Electrophorese on a  SDS-10%-polyacrylamide gel. Run at 35 mA for stacking 

gel and 50 mA for running gel per gel. Dry the gel (~1.5 Hr) and autoradiograph 

overnight with fast film (Kodak Cat# 8264985). The % polyacrylamide of the gel 

can be adjusted to maximize separation of the bands of interest. 
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Appendix G: Hydroxylamine incubation after DNA 

digestion 

• This experiment requires 10 reactions-worth of original photo-cross-linking 

experiment. You can prepare on 10-fold reaction initially, but these need to be 

aliquoted into 10 separate tubes just before UV irradiation. By doing this we can 

assure the UV’s penetration of each reaction. After UV irradiation, pool all 10 

reactions back together into 1 tube. (Work with proper protection against 
32

P and 

corrosive hydroxylamine) 

 

• Save 2 reactions-worth for untreated control. For each of these two reactions, 

adjust pH to 6.8 by adding 1 l of 1.5 M Tris-HCl (pH 8.8). Add 7.7 l of 10 M 

urea. Heat at 65°C for 3 min. Keep the samples at -20°C until the hydroxylamine-

digested samples are ready to load on the gel. 

 

Prepare Hydroxylamine 1.8 M Solution (wear gloves and eye protection) 

  Prepare immediately before use. Place 50 g hydroxylamine hydrochloride 

(NH2OH.HCl) MW: 69.49 (Fisher, H330-500, 500 gm) in a 500-ml beaker. Add 

200 ml of 5 M NaOH (final pH should be ~7.2. One time I did the pH was 11). If 

salt does not dissolve, continue adding NaOH until pH is 7 to 8. Add 10 g Na2CO3 

and adjust pH to 9 with 12 M (concentrated) HCl (temperature will raise to ~40°C). 

Add double deionized-water to final 400 ml and readjust pH to 9 if needed. 

Transfer all 400 ml hydroxylamine to a 2L PYREX flask (wider opening is better 

for dialysis tubing-clamp passage). For more detail see Current Protocol in Protein 

Science, Chapter 11. Turn on the incubator and keep the 2L PYREX flask at 45°C. 
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Hydroxylamine digestion (all following works should be done behind beta-shield 

and follow radioactive material safety rules) 

1. Dialyze samples against 1.8 M, pH 9, Hydroxylamine solution for 5 hours at 

45°C (Innova 4335 shaker, 100 rpm, in flask) in 12-14 kDa MW cut off tubing 

(Spectrum, Spectra/Por 2 molecularporous membrane #132676, change this 

tubing if the desired protein fragments is smaller than 14 kDa). This might be 

change to use 10 kDa MW cut off Slide-A-Lyzer dialysis cassette (Pierce 

Prod# 66380). No need to do any changes of dialysis. The time of dialysis can 

be adjusted to maximize nearly complete digestion but minimizing non-

specific breakdown products. 

 

2. Remove the hydroxylamine salts. In the same dialysis bag, dialyze the samples 

at room temperature (or 25°C) twice for 2 hours each time against 500 ml of 

1/10 X incomplete SDS gel loading buffer:  

6 mM Tris, pH 6.8 

250 mM urea 

0.2 % SDS 

0.5 %  -mercaptoethanol.  

 

3. Following dialysis, measure and record the volume of the sample, transferring 

it to a microcentrifuge tube.  

 

4. Concentrate the samples. Dry samples down to dryness under vacuum in the 

Speed-Vacuum Concentrator for 1.5 Hr approximately.  (The water and the  -

mercaptoethanol should evaporate away; the Tris, urea, and SDS should 

remain as solids.) 

 

5. Readjusting digested sample’s volume. Take up the sample in 2/25 (4/5 x 

1/10) volume (step 3) of water (compared to the volume measured following 

dialysis) and dissolve completely. (For example, if the volume following 

dialysis was 200 l, take up the dried sample in 16 l water).  
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6. Add  volume of 5X Completion Loading Buffer:  

(For example, if the sample was taken up in 16 l water, add 4 l Completion 

Loading Buffer.). 

5X Completion Loading Buffer: 

50 % glycerol 

25%  -mercaptoethanol 

0.125% bromophenol blue 

25 % water.  

 

7. Radioactivity. Count the radioactivity of samples before loading the gel (Count 

the entire sample, not an aliquot.). The photo-cross-linking efficiency of 

protein to derivatives DNA is about 5%, so these radioactivity readings can 

verify the lose % of samples during experiment. And provide the 

approximately the time required for good auto-radiography (5000 

cpm/digested sample can give good image overnight with fast film). 

 

8. SDS-PAGE. Heat all samples, both treated and untreated, at 65 ºC for 3 min. 

Electrophoreses on a 7-15% SDS-polyacrylamide gel. Run at 35 mA for 

stacking gel and 50 mA for running gel per gel. Vacuum Heat-Dry the gel for 

about one hour at 70 ºC and autoradiograph overnight or longer. 
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Appendix H: Detailed protocol for dumbbell probe 

preparation 

 

Reagents 

• "10X" annealing buffer: 400 mM Tris-HCl (pH7.9), 500 mM NaCl, 100 mM 

MgCl2.  

• Two 59 bases oligo (below) are used as a template or non-template for annealing. 

Purify the template oligo on an 8% polyacrylamide gel (29:1 acrylamide/ 

bisacrylamide) containing 8 M urea and 1 X TBE, it migrates around the slow dye. 

Dilute an aliquot of the purified template oligo to a concentration of 5 pmole/ l.  

• Non-template (Up) strand:  

5'-TTGCAATTCCCAACTGGTTTTAGCTGCTCAGCCATGGAAACCTGGCTACTTT

CTAGCCA-3'  

Template (Low) strand:  

3'-GCTTGGCTTTCCCAAGCAACGTTAAGGGTTGACCAAAATCGACGAGTCGGTA

CCTTTGG-5' 

 

Annealed as below (Up: bold fonts, Low: regular fonts) 

 

 

Phosphorylation 

1. T4 polynucleotide kinase. (NEB. CAT# 201L, 2500 units, 10 U/ l) 

 

2. Adenosine-5'-triphosphate [ -
32

P] (6000 Ci/mmole): Perkin-Elmer CAT# 

BLU502Z250UC, BLU502Z500UC or BLU502Z001MC (10 Ci/ l). 
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3. Prepare:  

10X phosphorylation buffer (1ml): 

  

Component  Stock         Amount ( l) Concentration 

              required   in 10 X stock 

--------------------------------------------------------------------------------- 

Tris-HCl (pH 7.6) 1 M  500 l  500 mM  

 MgCl2   2 M  50 l  100 mM  

 -mercaptoethanol  1 M  15 l  15 mM  

 ddH2O     435 l    

--------------------------------------------------------------------------------- 

 

4. Phosphorylation reaction.  (Shielded at all time) 

Make Up or Low strand phosphorylation separately. Shown below is for ONE 

strand only. 

Component (mix well)    Rx ( l)  

------------------------------------------------------------------------ 

ddH2O       8 

T4 polynucleotide kinase buffer   2 

T4 polynucleotide kinase (BioLabs #0201S, 10U/ l) 2 

-
32

P-ATP (6000 Ci/mmole, 10 Ci/ l)    4 

Dumbbell probe (5 pmole/ l; Up or Low strand) 4 

------------------------------------------------------------------------ 

         ~20 l  

Vortex & Spin down then react at 37°C for 60 minute. 

Turn on 65°C water bath well ahead of time for annealing step. 

 

Annealing 

Mix two sets of labeling reactions. One is template and the other one is non-

template. 
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 Below for 1 reaction: 

 Sample       Volume ( l) 

 ---------------------------------------------------------------------------------------- 

 
32

P-Labeled Up strand mixture from phosphorylation 20 

 
32

P-Labeled Low strand mixture from phosphorylation 20 

 "10X" annealing buffer     2.3  

 ---------------------------------------------------------------------------------------- 

 Total        42.3 l 

Heat to 65°C for 3 min; cool down slowly to 35°C over 1-1.5 hrs in 400-600 ml 

65°C water in 1-liter glass beaker.  

 

Ligation 

1. To the above annealed sample, add:     Rx ( l) 

 ---------------------------------------------------------------------------------- 

 BSA (10mg/ml)     0.8  

 100 mM ATP      1.6 

 T4 DNA ligase (Last) 1U/ l    1 

 Mixture from annealing    42.3 

 ---------------------------------------------------------------------------------- 

Total       45.7 l 

• In the control reaction replace T4 DNA ligase with water. Keep 

components on ice before use & return to ice immediately after use 

• Spin Vortex Spin 

• React at 37°C for 1Hr 

• Return components to freezer. 

 

4. Prepare two Sephadex G-25 column (Roche Applied Science Cat# 

11273949001) by centrifugate them twice in 1,100 x g to remove excess 

buffer. 
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5. After 1 or more hour ligation reaction, extract DNA with 50 l 

phenol/chloroform (1:1) vortex for 30 seconds to remove proteins. 

 

 

6. Carefully recover supernatant to one Sephadex G-25 column. (DO NOT allow 

tip contact the beads or to sidewalls, place sample in the center) 

 

7. Centrifuge the Sephadex G-25 column for 2 minutes at 1,100 xg. 

 

8. Collect filtered sample and transfer to second Sephadex G-25 column. 

 

9. Centrifuge the Sephadex G-25 column for 2 minutes at 1,100 xg. 

 

10. Collect and measure the total volume of 
32

P-labeled dumbbell probe. 

Calculate the cpm and dilute an aliquot 
32

P-labeled dumbbell probe to 50,000 

cpm/ l. Keep in -20ºC with beta blocker to avoid non-necessary radio-

exposure.  

 

 

 




