Objective: Experimental validation of the computation protein design.
Journal recommendation (needs more considerations):

1: Journal of Molecular Biology (May need some structural data; or extensive molecular modeling)
2: Journal of Biological Chemistry (Need molecular modeling)
3: Biochemistry

4: Protein Science

5: Protein Engineering Design and Selection
6: Antimicrobial Agents and Chemotherapy  

Percentage of data will be used from total: 25-35% or more depending upon if it is sufficient to prove the point.
From literature: e.g. Cornish et al., 2003 (Identification of residues critical for catalysis in a class C _-lactamase by combinatorial scanning mutagenesis). She mutated active site residues randomly and chose 8 for kinetic analysis.

Method:
1: WT P99 Gene synthesis: by Blue Heron
2: Library construction: Combination of site directed mutagenesis and method provided by Xiong et al.,( Nat Protocol, 2003, PCR-based accurate synthesis of long DNA sequences). 

3: Functional Screening and sequencing: Convention protein expression method, sequencing was done at Genewiz.

4: Growth Assay and MIC determination: Out of two available methods, Agar plate and broth method, I am using broth method adapted from (Nat Protocol 2008; Agar and broth dilution methods to determine the minimal inhibitory concentration (MIC) of antimicrobial substances). 
==================================================

From Raj via email:.. 
Hi Alok,

I reviewed some of your recent postings on the b-lactamase project. Recall we also discussed briefly recently some of the next steps.

Consistent with these discussions, the following are some important follow up steps:

1) add Protein Engineering Design and Selection to your list of possible journals. 

2) look up some example papers in several of the journals pertinent to:
a) experimental library screening of active sites (at least a few each for both b-lactamase and non-b-lactamase)

b) computational design of libraries followed by screening of these libraries experimentally For the latter, we are not interested in papers that only identify a small short list (say 10) sequences for testing.

We want papers that generate a library of at least 100 sequences for experimental screening - in other words, to focus experimental screening.

Papers should ideally have been published in the last 5-10 yrs. 

For each paper, indicate the design goal. 

3) for the above papers, indicate some example library sizes that were screened experimentally and any estimate provided on the time required.

Explain why (/why not) our screening method can achieve similar library sizes.

4) for 2b, indicate the number of hits from the library as a % of the library size, where hit is defined as a sequence that demonstrates an interesting property (e.g., modified substrate selectivity, activity close to but not necessarily better than wild type, etc).

5) for each of the papers, indicate how many of the hits were single mutations, double mutations, and triple (or more) mutations

6) indicate whether any papers compared the rank ordering of the computationally predicted sequences to an experimental rank ordering (e.g., in terms of kinetic parameters/activity).  

7) indicate how papers in 2a,b) rationalized the observed experimental results in terms of a mechanism or computational model. 

For 2b), was there any refinement of the model done in order improve correlations with experimental screening?

8) in Cornish's b-lactamase work, there was discussion of an H-bond network and its role in catalysis. Please indicate whether all mutations made in order to test this hypothesis were single mutations.
It appeared to me that there wasn’t a clear hypothesis; she wanted to study mechanism of catalysis and generated a library. She later defined residues Lys 67, Gln 120, Tyr 150, Asn 152, and Lys 315 as hydrogen bonding network. All the mutants in her library are single mutants. 
9) for the experimental papers, please provide representative methods section from each of the journals in your list.
1: Journal of Molecular Biology:

Library construction and selection-

Minimum inhibitory concentration (MIC) determinations-

Protein purification-

Enzyme kinetics-

Thermal denaturation-

Structure determination-

2: Journal of Biological Chemistry:

Construction of Library-
Selection of Functional Mutants-

Minimum Inhibitory Concentration (MIC) Measurements-

Expression and Purification of Enzymes-

Determination of Enzyme Kinetic Parameters-

Molecular Modelling-

3: Biochemistry:
Plasmid construction-
Library construction-

Immunodetection-

Growth assay-
High-throughput sequencing-

Protein purification-

Kinetics-

Circular dichroism-
4: Protein Science:

5: Protein Engineering Design and Selection:

6: Antimicrobial Agents and Chemotherapy: 
Mutagenesis- 
MIC determinations-

Immunoblots-

Protein purification-

Kinetic assays-

Inhibitor assays-

Molecular modelling-
10) please provide an outline of the methods sections (in one of the formats above) for the experimental steps executed so far in our lab
Construction of Library-
Selection of Functional Mutants-

Minimum Inhibitory Concentration (MIC) Measurements-

Expression and Purification of Enzymes- (purified WT; protocol works well; need to establish assay system)

11) please indicate for what fraction of the library you have completed MIC measurements (in terms of plates and percentage of sequences from the designed library that have been recovered).
Out of six 96 well plates (total 576 potential clones), I have completed 50%. This include preliminary screening, growth assay (MIC determination), and sequencing. Total 37 unique mutants of the library are in hand (37 of 128).  

12) please provide an outline of the AKTA purification protocol when you have it
I will update the wiki and let everyone know once I finish protocol and use it. 

13) please indicate how you are tentatively planning to choose sequences for purification and initial activity measurements and how much more of the library you are planning to screen before that.
My plan to purify single mutants along with some mutants which are characterized before but is part of library e.g. Y221G depending upon the activity (I will choose both high and low activity). Once I get a grip of assay system, we can think of moving to double mutants. At this stage, we will need input from computational side.
14) in each of the papers above, please indicate how many of these sequences/what fraction of the library was purified and kinetically analyzed
Depends upon type of the library and hypothesis- 

It depends what the objective of the paper is and how many mutants are required to prove the hypothesis. For example,
Skalweit 2013: 

Made 19 variants at single position; determined MIC for all; Kinetics for 4 including WT (20%) 
Cornish 2003: 
Total mutant 122; Kinetic characterization of 6 (~5%)
in Cornish’s 2003 paper, she made mutation of 122 amino-acids position present in and around active site. The library was made by random mutagenesis with some restrictions to narrow down and cover conservative and non-conservative replacements. She determined MIC values for all on two antibiotics but choose only 10 mutants (6 mutants + WT + 3 controls) to further characterize.

She classified her 122 mutants in two, 1: Mutants with limited effect; 2: Significant effect. Out of 122, only 11 had significant effect on the enzyme activity. Out of these 11 mutants, 6 was novel i.e. never characterized before.

Palzkill 2001: 

21 amino acids of active site and substrate binding pocket; more than one variant at same position; used one antibiotic for experiment.
They kinetically characterized 5 mutants including WT using two antibiotics (~10%) but determined MIC values for about 50 mutants.

15: When we discussed your progress and the schedule you will be providing this week, we didn't discuss the efficiency of our protocol for library screening vis-a-vis those in the literature.
16: When you compare to other literature, please indicate any similarities/differences with respect to our protocol that may result in differences in the size of the library that can be efficiently screened. Also, please indicate the steps in our protocol that take the most time. 
These are the steps I have to do to get mutant information in b-lactamase library. There are several factors which affect the efficiency. I am still searching for a paper which directly compares specific method evaluating screening efficiency. 

A review article by Leemhuis et al., 2009 (provided by Dr. Chakrabarti) lists general strategies to screen enzyme libraries, and touches some of the pros and cons of the methods used in screening enzyme libraries, mostly E-S reaction and product visualization. The review paper states that “Microtiter plate screenings thus enable the use of various analytical tools and whilst they offer a great dynamic range, their screening capacity is usually limited to less than 10^4 variants per day”. This statement is context dependent and related to specific enzyme assay (Histone Acetylation or similar ELISA assays). 

Prescreening: 11-12 days to process 96 samples: 

To see if clones express good protein (b-lactamase). In our case, this has two steps as opposed to one step frequently cited in the literature. Most of the literature I read so far, they used TEM1 promotor in their plasmid. This is a constitutive promotor as contrast to our inducible promotor. The best thing about TEM1 promotor is that they don’t have to be induced for protein production, and can directly go to immunoblotting step (e.g. colony dot blot). The immunoblotting experiment can itself be done on high-throughput scale, which saves lot of time. Since we don’t have system to do Western Blot, I am prescreening the mutants by running SDS-PAGE. While my method is as valid as other described above, it may have some limitations e.g. slightly time consuming. At the end, I get about 40-60 (out of 96 samples) samples expressing protein. The next step is to prepare plasmid for sequencing.

Sequencing and analysis: 7-9 days (80-120 samples (each plasmid is sequenced twice):

Each plasmid gets sequenced twice so 40-60 plasmids becomes 80-120 sequencing samples.

Once I get data about protein expression, then I grow cells for plasmid isolation. It takes almost whole day to isolate plasmids from 24 samples. I generally send my samples on Thursday so that I receive data by either Monday or Tuesday.

This step could have been faster with better equipment and reagents e.g. high speed centrifuge which have adapter for 96 well plates and compatible plasmid isolation kit (I have never used this method), nonetheless, I try to be on schedule and finish plasmid isolation so I can send it out on or before respective Friday. Once I get sequence data back then I clean, annotate, translate into protein, and then align with WT P99 to get mutant information (is there way to automate this?). To some extent, this step is semi high-throughput. Some have done sequencing in 348 well formats depending upon number of mutants the plan to screen. 

Final screening (MIC value) 8-10 days for all three antibiotics with repeat experiments if needed : As soon as I send plasmids out for sequencing, I start preparing for this step. I am doing this step in 96 well format using Broth dilution method with three different antibiotics. In liquid culture, 96 well plates are well suited as a clear conclusion can be drawn regarding bacterial growth. I choose liquid culture because we have inducible promotor in the plasmid. They are easier to grow/induce as compared to Agar plates with IPTG, and have high reproducibility as compared to Agar plate method. Both Methods are equally tedious, and time consuming.
It is not necessary to describe many details of the computations for the computational papers. You may start with the experimental papers if you like and if you have any questions on the first couple of computational papers you find that fit the requirements above, let me know.

The papers can be put on dropbox if needed, or in a zip file on wiki.

Thanks

Raj

