
S1

Supplementary Data

Crystal structure of an engineered, HIV-specific recombinase 
for removal of integrated proviral DNA.

Gretchen Meinke1, Janet Karpinski2, Frank Buchholz2,3,4,5 and Andrew Bohm1,*

1 Department of Developmental, Molecular and Chemical Biology, Tufts University School of 
Medicine, Boston, MA, 02111, USA
2 Medical Systems Biology, UCC, Medical Faculty Carl Gustav Carus, TU Dresden, 
Germany
3 Max Planck Institute of Molecular Cell Biology and Genetics, Pfotenhauerstrasse 108, 
01307 Dresden, Germany
4 German Cancer Research Center (DKFZ), Heidelberg and German Cancer Consortium 
(DKTK) partner site Dresden, Germany
5 National Center for Tumor Diseases (NCT), University Hospital Carl Gustav Carus, TU 
Dresden, Dresden, Germany

* To whom correspondence should be addressed.  Email: Andrew.Bohm@Tufts.edu



 S2

Supplementary Figure 1

Supplementary Figure 1.  Schematic Overview of the step-wise Cre recombination mechanism. 
Step 1. (left) Synapsis. Four molecules of Cre interact with two loxP substrates to form a tetrameric 
complex. This complex results in a large bend in the DNA shown schematically. The duplex DNA is 
represented by two lines, labeled 5' or 3' to indicate the DNA directionality. The recombinase is 
shown as an asymmetric shape bound to each half-site in either the "cleaving competent" 
conformation (cyan) or "non-cleaving" conformation (yellow).  The nucleophilic tyrosine is shown 
only for the active conformation and indicated by a Y in a blue circle. The location of the activated 
scissile phosphate is indicated by a red circle around the letter P In addition, in the synaptic 
tetramer, the protomers are arranged head-to-tail and have a pseudo four-fold symmetry.  Each 
protomer communicates its state in trans to its neighbor via C-terminal conformational changes 
shown schematic as a rectangle extension interacting with a neighboring protomer. Note that 
opposing protomers are active (and poised to interact with the scissile phosphate on one strand of 
DNA) or inactive. Step 2. Cleavage/Ligation. The nucleophilic tyrosine attacks the scissile 
phosphate forming a 3'-phosphotyrosine linkage, and resulting in a free 5'OH. Step 3.  Strand 
exchange. Strand exchange occurs when the free 5'OH attacks the neighboring phosphotyrosine 
and forms a Holliday Junction (HJ) intermediate. Step 4. Isomerization. The inactive conformers 
adopt active conformations and the active conformers become inactive conformers. The complex is 
ready for the second round of strand exchange. Again, the catalytic tyrosine attacks the scissile 
phosphate to form the phosphotyrosine intemediate. Step 5. The free 5'OH group attacks the 
phosphotyrosine. Step 6. Resolution of the recombined target.  
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Supplementary Figure 2.  Sequence Alignment of Tre
Y324F

 and Cre

Supplementary Figure 2 Legend.  The secondary structure assignments for Tre are shown.  
Identical residues are in red boxes with white letters.  Non-identical residues are shown as 
black text.  The catalytic nucleophile (Tyr 324) is shown as blue text.  Protein-DNA interactions 
for the cleaving-competent Tre (blue) and Cre (pink) are shown above and below the sequence, 
respectively.  The triangles indicate polar interaction with the phosphate backbone, and a star 
indicates a sequence-specific polar interaction with a base.  For Tre, these were calculated 
using the program PISA, and verified by examination of the structure.  For Cre, these 
interactions were obtained from the Nucleic acid-Protein Interaction DataBase,  
http://npidb.belozersky.msu.ru/.  This figure was made using the program ESPript3, 
http://espript.ibcp.fr/ESPript/ESPript/.  

http://npidb.belozersky.msu.ru/
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Supplementary Table 1.  The above table was made with the program ALIGN 
within the PyMOL using a rejection RMS cutoff of 2 Å, and 5 cycles of outlier 
rejection. Only the protein C-α atoms are included in this table.  AU =asymmetric 
unit; D = dimer, Tet= tetramer.  The tetramer was generated if necessary from 
symmetry mates.  The RMSD is in Å, and the number of C-α atoms aligned shown 
in parentheses. The Cre-to-Cre column using PDB ID 1Q3V as the reference 
shows how the other Cre structures compare to 1Q3V.  The Tre-to-Cre column 
shows how closely Tre compares to the available Cre structures.  The chain ID of 
the closest monomer is also given.  The unique PubMed ID (PMID) for each PDB 
code is given.

Supplementary Table 1.  Structural Alignment Results of Tre/loxLTR and Cre/loxP
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Supplementary Figure 3

Supplementary Figure 3.  Protein/DNA interaction of Tre/loxLTR. Tre/loxLTR 
interaction diagram.  The loxLTR sequence is numbered according to standard 
loxP numbering scheme.  The bases in red differ from loxP.  The yellow region 
indicates the location of the 8 bp central spacer region.  The scissile phosphates 
are shown as solid black spheres.  The residues that are mutated relative to Cre 
are shown in yellow circles.  The blue lines indicate polar interactions, the red 
lines hydrophobic interactions.  Lines extending into the boxes of the bases 
indicate a base specific interaction, lines touching the circles indicate a 
phosphate interaction.  As there are two copies each of the cleaving and non-
cleaving conformers of Tre in the asymmetric unit, if an interaction was observed 
in either copy, it was included here.  Residues in black text were observed making 
the specified interaction in both copies of Tre whereas residues in grey text were 
observed in only one copy of Tre.  The program PDBSUM was used as the basis 
for this schematic. 
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Supplementary Figure 4

Interaction diagram of cleaving competent Tre conformers with loxLTR arms 
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Supplementary Figure 4.  Schematic Diagram comparing the “left”  and “right” 
protein-DNA  interactions in Tre cleaving-competent conformers.  The duplex 
sequences of the each “arm” of the loxLTR are shown in the 5'->3' direction, and 
labeled “left” and “right”.  Nucleotides that are identical between the arms are 
colored black. Nucleotides that are not conserved are colored red.  Interactions 
depicted one the left arm are observed in the cleaving-conformer in the Tre/loxLTR 
X-ray structure.  To visualize the putative interactions of a cleaving-competent Tre 
conformer interacting with the “right” arm, a 3D model was generated.   The right 
arm 3D model was made by using the active Tre conformer and the activated DNA 
backbone, but altering bases to match the right arm sequence, then analyzing the 
resultant Tre-DNA interactions.  This model was used to analyze the interactions 
depicted in the right arm model scheme.  Amino acids that make important base 
specific contacts are indicated, residues that are mutated relative to Cre are shown 
in bold.  Dashed lines indicate van der Waals interactions.  

3'

3'


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8

