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STRUCTURE BASED PREDICTIVE MODELING 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This application claims benefit under 35 U.S.C. § 119(e) to U.S. Provisional 

Patent Application No. 61/883,919, entitled: STRUCTURE BASED PREDICTIVE 

MODELING, filed September 27, 2013, which is herein incorporated by reference in 5 

its entirety for all purposes. 

BACKGROUND 

Protein design has long been known to be a difficult task if for no other reason 

than the combinatorial explosion of possible molecules that constitute searchable 

sequence space.  The sequence space of proteins is immense and is impossible to 10 

explore exhaustively using methods currently known in the art, which are often 

limited by the time and cost required to identify useful polypeptides.  Part of the 

problem arises from the great number of polypeptide variants that must be sequenced, 

screened and assayed.  Directed evolution methods increase the efficiency in honing 

in on the candidate biomolecules having advantageous properties.  Today, directed 15 

evolution of proteins is dominated by various high throughput screening and 

recombination formats, often performed iteratively.   

Various computational techniques have also been proposed for exploring 

sequence-activity space.  Relatively speaking, these techniques are in their infancy 

and significant advances are still needed.  Accordingly, new methods for improving 20 

the efficiency of screening, sequencing, and assaying candidate biomolecules are 

highly desirable. 

SUMMARY 

The present disclosure relates to the fields of molecular biology, molecular 

evolution, bioinformatics, and digital systems.  25 

Methods of the present disclosure have utility in the optimization of proteins 

for industrial and therapeutic use.  The methods and systems are especially useful for 

designing and developing enzymes having beneficial properties or activities. 
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Accordingly, the invention provides a method of conducting directed 

evolution, the method comprising: 

(a) receiving a data set comprising the following information for each of a 

plurality of variant biomolecules: (i) a value of an activity of a variant biomolecule on 

a ligand in a binding site of the variant biomolecule, (ii) a sequence of the variant 5 

biomolecule, and (iii) a geometric parameter value of each parameter of one or more 

geometric parameters characterizing the geometry of the ligand in the binding site of 

the variant biomolecule, wherein the variant biomolecule is a polypeptide molecule or 

a polynucleotide molecule; 

(b) obtaining a plurality of data subsets from the data set by removing, for 10 

each data subset, data of one or more variant biomolecules that are associated with 

parameter values of any of the one or more geometric parameters outside one or more 

ranges;  

(c) training a plurality of models, each using a different data subset of the 

plurality of data subsets, wherein each model of the plurality of models includes 15 

sequence data and at least one of the one or more geometric parameters as 

independent variables and a predicted value of the activity as a dependent variable; 

(d) determining a predictive power of each model of the plurality of models to 

accurately predict the activity of biomolecules;  

(e) selecting at least one model from the plurality of models based at least in 20 

part on the predictive power of the at least one model; and 

(f) determining one or more amino acid sequences or one or more nucleic acid 

sequences using the selected at least one model or a new model trained with a data 

subset that has been used to train the at least one selected model. 

The invention also provides a computer program product comprising one or 25 

more computer-readable non-transitory storage media having stored thereon 

computer-executable instructions that, when executed by one or more processors of a 

computer system, cause the computer system to implement a method for conducting 

directed evolution, the method comprising: 

(a) receiving, by the computer system, a data set comprising the following 30 

information for each of a plurality of variant biomolecules: (i) a value of an activity of 
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a variant biomolecule on a ligand in a binding site of the variant biomolecule, (ii) a 

sequence of the variant biomolecule, and (iii) a geometric parameter value of each 

parameter of one or more geometric parameters characterizing the geometry of the 

ligand in the binding site of the variant biomolecule, wherein the variant biomolecule 

is a polypeptide molecule or a polynucleotide molecule; 5 

 (b) obtaining, by the computer system, a plurality of data subsets from the 

data set by removing, for each data subset, data of one or more variant biomolecules 

that are associated with parameter values of any of the one or more geometric 

parameters outside one or more ranges;  

(c) training, by the computer system, a plurality of models, each using a 10 

different data subset of the plurality of data subsets, wherein each model of the 

plurality of models includes sequence data and at least one of the one or more 

geometric parameters as independent variables and a predicted value of the activity as 

a dependent variable; 

(d) determining, by the computer system, a predictive power of each model of 15 

the plurality of models to accurately predict the activity of biomolecules;  

(e) selecting, by the computer system, at least one model from the plurality of 

models based at least in part on the predictive power of the at least one model; and 

(f) determining, by the computer system, one or more amino acid sequences or 

one or more nucleic acid sequences using the selected at least one model or a new 20 

model trained with a data subset that has been used to train the at least one selected 

model. 

 

The invention further provides a computer system, comprising: 

one or more processors;  25 

system memory; and 

one or more computer-readable storage media having stored thereon 

computer-executable instructions that, when executed by the one or more processors, 

cause the computer system to implement a method for conducting directed evolution, 

the method comprising: 30 
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(a) receiving a data set comprising the following information for each of a 

plurality of variant biomolecules: (i) a value of an activity of a variant biomolecule on 

a ligand in a binding site of the variant biomolecule, (ii) a sequence of the variant 

biomolecule, and (iii) a geometric parameter value of each parameter of one or more 

geometric parameters characterizing the geometry of the ligand in the binding site of 5 

the variant biomolecule, wherein the variant biomolecule is a polypeptide molecule or 

a polynucleotide molecule; 

 (b) obtaining a plurality of data subsets from the data set by removing, for 

each data subset, data of one or more variant biomolecules that are associated with 

parameter values of any of the one or more geometric parameters outside one or more 10 

ranges;  

(c) training a plurality of models, each using a different data subset of the 

plurality of data subsets, wherein each model of the plurality of models includes 

sequence data and at least one of the one or more geometric parameters as 

independent variables and a predicted value of the activity as a dependent variable; 15 

(d) determining a predictive power of each model of the plurality of models to 

accurately predict the activity of biomolecules;  

(e) selecting at least one model from the plurality of models based at least in 

part on the predictive power of the at least one model; and 

(f) determining one or more amino acid sequences or one or more nucleic acid 20 

sequences using the selected at least one model or a new model trained with a data 

subset that has been used to train the at least one selected model. 

 



























































































































































































94 

The Claims defining the invention are as follows: 

 

1. A method of conducting directed evolution, the method comprising: 

(a) receiving a data set comprising the following information for each of a 

plurality of variant biomolecules: (i) a value of an activity of a variant biomolecule on a 

ligand in a binding site of the variant biomolecule, (ii) a sequence of the variant 

biomolecule, and (iii) a geometric parameter value of each parameter of one or more 

geometric parameters characterizing the geometry of the ligand in the binding site of the 

variant biomolecule, wherein the variant biomolecule is a polypeptide molecule or a 

polynucleotide molecule; 

(b) obtaining a plurality of data subsets from the data set by removing, for each 

data subset, data of one or more variant biomolecules that are associated with parameter 

values of any of the one or more geometric parameters outside one or more ranges;  

(c) training a plurality of models, each using a different data subset of the 

plurality of data subsets, wherein each model of the plurality of models includes sequence 

data and at least one of the one or more geometric parameters as independent variables 

and a predicted value of the activity as a dependent variable; 

(d) determining a predictive power of each model of the plurality of models to 

accurately predict the activity of biomolecules;  

(e) selecting at least one model from the plurality of models based at least in part 

on the predictive power of the at least one model; and 

(f) determining one or more amino acid sequences or one or more nucleic acid 

sequences using the selected at least one model or a new model trained with a data subset 

that has been used to train the at least one selected model.  

 

2. The method of Claim 1, further comprising: 

(g) synthesizing one or more amino acid molecules or one or more nucleic acid 

molecules based on the one or more amino acid sequences or one or more nucleic acid 

sequences; and 
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(h) recombining or performing mutagenesis on the one or more amino acid 

molecules or one or more nucleic acid molecules to provide one or more polypeptide or 

polynucleotide molecules. 

 

3. The method of any one of the preceding Claims, wherein the training of (c) is performed 

with a genetic algorithm. 

 

4. The method of Claim 3, wherein the genetic algorithm varies thresholds for removing 

information associated with the geometric parameters for one or more of the variant 

biomolecules. 

 

5. The method of any one of Claims 2 to 4, wherein the one or more amino acid molecules 

or one or more nucleic acid molecules are predicted to have activity meeting one or more criteria 

according to the selected at least one model or the new model, and wherein each of the one or 

more amino acid sequences or the one or more nucleic acid sequences has a sequence that differs 

from the sequences of the plurality of variant biomolecules of (a). 

 

6. The method of Claim 5, wherein (f) comprises performing a genetic algorithm in which 

potential new biomolecule variants are evaluated using the selected at least one model or the new 

model as a fitness function. 

 

7. The method of Claim 5, further comprising assaying the one or more amino acid 

molecules or one or more nucleic acid molecules for activity. 

 

8. The method of Claim 5, further comprising  

producing a structural model for each of the one or more amino acid molecules or one or 

more nucleic acid molecules; and  

using the structural models to generate geometric parameters for binding sites of the one 

or more amino acid molecules or one or more nucleic acid molecules, wherein the geometric 

parameters characterize the geometry of the ligand in the binding sites of the one or more amino 

acid molecules or one or more nucleic acid molecules. 
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9. The method of any one of the preceding Claims, further comprising measuring the 

activity of the variant biomolecules by an in vitro assay. 

 

10. The method of any one of the preceding Claims, further comprising receiving structural 

models of biomolecule variants and determining the one or more geometric parameters using the 

structural models. 

 

11. The method of Claim 10, wherein the structural models are homology models. 

 

12. The method of Claim 11, wherein the homology models are prepared using physical 

structural measurement details of biomolecules. 

 

13. The method of Claim 12, wherein the physical structural measurement details of 

biomolecules comprise three-dimensional positions of atoms obtained by NMR or x-ray 

crystallography. 

 

14. The method of Claim 10, further comprising using a docker to determine the one or more 

geometric parameters. 

 

15. The method of any one of the preceding Claims, wherein the information for each of a 

plurality of variant biomolecules further comprises (iv) an interaction energy characterizing the 

interaction of the ligand in the binding site. 

 

16. The method of Claim 15, further comprising using a docker to determine the interaction 

energy. 

 

17. The method of any one of the preceding Claims, wherein the selected at least one model 

or the new model is obtained by a support vector machine, a multiple linear regression, a 

principal component regression, a partial least square regression, or a neural network. 
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18. The method of claim 17, wherein the selected at least one model or the new model is 

obtained by a support vector machine. 

 

19. The method of any one of the preceding Claims, wherein the plurality of variant 

biomolecules comprises a plurality of enzymes. 

 

20. The method of Claim 19, wherein the activity of the variant biomolecule on a ligand is 

the activity of an enzyme on a substrate. 

 

21. The method of Claim 20, wherein the activity of the enzyme on the substrate comprises 

one or more features of a catalytic conversion of the substrate by the enzyme. 

 

22. The method of any one of the preceding Claims, further comprising using the selected at 

least one model or the new model to identify one or more biomolecules having desired activity.  

 

23. The method of Claim 22, further comprising synthesizing the one or more biomolecules 

having desired activity.  

 

24. A computer program product comprising one or more computer-readable non-transitory 

storage media having stored thereon computer-executable instructions that, when executed by 

one or more processors of a computer system, cause the computer system to implement a method 

for conducting directed evolution, the method comprising: 

(a) receiving, by the computer system, a data set comprising the following 

information for each of a plurality of variant biomolecules: (i) a value of an activity of a 

variant biomolecule on a ligand in a binding site of the variant biomolecule, (ii) a 

sequence of the variant biomolecule, and (iii) a geometric parameter value of each 

parameter of one or more geometric parameters characterizing the geometry of the ligand 

in the binding site of the variant biomolecule, wherein the variant biomolecule is a 

polypeptide molecule or a polynucleotide molecule; 

 (b) obtaining, by the computer system, a plurality of data subsets from the data 

set by removing, for each data subset, data of one or more variant biomolecules that are 
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associated with parameter values of any of the one or more geometric parameters outside 

one or more ranges;  

(c) training, by the computer system, a plurality of models, each using a different 

data subset of the plurality of data subsets, wherein each model of the plurality of models 

includes sequence data and at least one of the one or more geometric parameters as 

independent variables and a predicted value of the activity as a dependent variable; 

(d) determining, by the computer system, a predictive power of each model of the 

plurality of models to accurately predict the activity of biomolecules;  

(e) selecting, by the computer system, at least one model from the plurality of 

models based at least in part on the predictive power of the at least one model; and 

(f) determining, by the computer system, one or more amino acid sequences or 

one or more nucleic acid sequences using the selected at least one model or a new model 

trained with a data subset that has been used to train the at least one selected model. 

 

25. A computer system, comprising: 

one or more processors;  

system memory; and 

one or more computer-readable storage media having stored thereon computer-

executable instructions that, when executed by the one or more processors, cause the 

computer system to implement a method for conducting directed evolution, the method 

comprising: 

(a) receiving a data set comprising the following information for each of a 

plurality of variant biomolecules: (i) a value of an activity of a variant biomolecule on a 

ligand in a binding site of the variant biomolecule, (ii) a sequence of the variant 

biomolecule, and (iii) a geometric parameter value of each parameter of one or more 

geometric parameters characterizing the geometry of the ligand in the binding site of the 

variant biomolecule, wherein the variant biomolecule is a polypeptide molecule or a 

polynucleotide molecule; 

 (b) obtaining a plurality of data subsets from the data set by removing, for each 

data subset, data of one or more variant biomolecules that are associated with parameter 

values of any of the one or more geometric parameters outside one or more ranges;  
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(c) training a plurality of models, each using a different data subset of the 

plurality of data subsets, wherein each model of the plurality of models includes sequence 

data and at least one of the one or more geometric parameters as independent variables 

and a predicted value of the activity as a dependent variable; 

(d) determining a predictive power of each model of the plurality of models to 

accurately predict the activity of biomolecules;  

(e) selecting at least one model from the plurality of models based at least in part 

on the predictive power of the at least one model; and 

(f) determining one or more amino acid sequences or one or more nucleic acid 

sequences using the selected at least one model or a new model trained with a data subset 

that has been used to train the at least one selected model. 

 


