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1 Purpose and Scope
1.1 Objective
To generate CRISPR pooled cell libraries for Optical Pooled Screening (OPS) through lentiviral transduction using spinfection methodology, including viral titration and library generation with proper representation.
1.2 Scope
This protocol covers viral titration using spinfection, MOI determination, and generation of CRISPR pooled cell libraries with maintained sgRNA representation for downstream OPS applications.
1.3 Prerequisites
Cas9-expressing cells at appropriate density
Lentiviral CRISPR library (frozen aliquot)
Cell culture training and sterile technique
Centrifugation safety training
Lentivirus handling certification
Knowledge of MOI calculations
2 Materials and Equipment
2.1 Equipment Required
Centrifuge capable of 930g with plate carriers and capable of reaching 33°C
37°C incubators with CO₂ control
Cell culture hood (BSL-2 certified)
Hemocytometer or automated cell counter
12-well tissue culture plates
T75 and T225 tissue culture flasks
Pipettes and sterile tips
2.2 Reagents and Consumables
	Reagent/Item
	Supplier
	Catalog #
	Storage
	Working Concentration

	Lentiviral CRISPR library
	[Custom]
	-
	-80°C
	Variable

	Polybrene
	Sigma-Aldrich
	H9268
	4°C
	4-8 μg/mL

	Cell culture media
	[Specific to cell line]
	-
	4°C
	-

	Trypsin-EDTA
	ThermoFisher
	25200056
	-20°C
	0.25%

	Puromycin
	ThermoFisher
	A1113803
	-20°C
	2 μg/mL (Need to check based on cell type)

	PBS, sterile
	Various
	-
	RT
	1X

	12-well plates
	Corning
	3513
	RT
	-

	T75 flasks
	Corning
	430641U
	RT
	-

	T225 flasks
	Corning
	431082
	RT
	-


2.3 Cell Line Requirements
Cas9-expressing target cell line
Verified antibiotic sensitivity (kill curve established)
Optimal growth conditions characterized
Passage number tracked
3 Reagent Preparation
3.1 Polybrene Working Solution
Final Volume: 50 mL Storage: 4°C, use within 1 month Final Concentration: 4-8 μg/mL (optimize for cell line)
	Component
	Stock Conc.
	Final Conc.
	Volume
	Notes

	Polybrene
	10 mg/mL
	4-8 μg/mL
	20-40 μL
	Filter sterilize

	Cell culture media
	-
	-
	50 mL
	Pre-warmed


3.2 Serial Dilution Series for Titration
Dilutions: 1/20, 1/10, 1/5, 1/2, 1 μL, 2 μL Final virus volume per well: 1 μL
	Dilution
	Virus Volume
	Media Volume
	Final Volume

	1/20
	1 μL
	19 μL
	20 μL

	1/10
	1 μL
	9 μL
	10 μL

	1/5
	1 μL
	4 μL
	5 μL

	1/2
	1 μL
	1 μL
	2 μL

	Undiluted
	1 μL
	0 μL
	1 μL

	2X
	2 μL
	0 μL
	2 μL


4 Procedure
Lentivirus is a BSL-2 organism - follow institutional biosafety guidelines
Work in BSL-2 certified biosafety cabinet
Wear double nitrile gloves and face mask when handling virus
Decontaminate all materials with 10% bleach before disposal
Lentivirus spill: Absorb with disinfectant-soaked towels, decontaminate area with 10% bleach
4.1 Part A: Viral Titration Using Spinfection
Time Required: 5-7 days Temperature: 33°C for spinfection, 37°C for culture
4.1.1 Day 1: Setup and Spinfection
Virus Preparation Thaw lentiviral library aliquot at room temperature ⚠️ Critical Point: Keep virus on ice once thawed, use within 4 hours
Cell Preparation Trypsinize and count Cas9-expressing cells ✅ Quality Check: Verify >95% viability Calculate cell numbers for 90-95% confluence post-spinfection
Plate Setup Seed cells into 6 wells of 12-well plate (1 mL media + polybrene per well) Add additional 1 mL polybrene-containing media to each well (2 mL total) Include one well without virus as untransduced control
Virus Addition Add serial dilutions of virus to separate wells according to dilution table Mix thoroughly by gentle pipetting (avoid creating bubbles) ⚠️ Critical Point: Work quickly to minimize virus degradation
Spinfection Centrifuge plates at 930g for 2 hours at 33°C ⚠️ Safety Note: Ensure plates are properly balanced and secured After centrifugation, add 2 mL polybrene-free fresh media Transfer to 37°C, 5% CO₂ incubator
4.1.2 Day 2: Split and Selection
Cell Splitting 24 hours post-spinfection, trypsinize cells from each well Split each condition: seed 1/4 and 1/40 of cells into separate wells of new 12-well plate Add fresh media to both densities
Antibiotic Selection Add appropriate antibiotic (e.g., puromycin) only to higher density (1/4) wells ✅ Quality Check: Verify untransduced control receives antibiotic
4.1.3 Day 3-5: Selection and Monitoring
Cell Death Monitoring Monitor untransduced control well daily ⚠️ Critical Point: Complete cell death in control indicates effective selection Typical timeline: 2-3 days for puromycin selection
4.1.4 Day 5-7: Cell Counting and Calculations
Final Counting Count viable cells in both +/- antibiotic conditions for each virus dilution Record counts for MOI calculations
MOI and Titer Calculations (see Appendix 9.1) MOI = 0.1 × (cell count from 1/4 density + antibiotic) / (cell count from 1/40 density - antibiotic) Viral titer = (total input cells × MOI) / virus volume ⚠️ Critical Point: Use average titer from MOI conditions around 0.2-0.3
4.2 Part B: Generation of Cell Library
Time Required: 2-3 weeks Library representation: 500-1000× complexity
4.2.1 Week 1: Library Transduction
Target Cell Calculation Determine target transduced cells: 500-1000× library complexity Example: 1,000 sgRNA library × 500× = 500,000 transduced cells required
Transduction Setup Use viral titer from Part A to calculate volumes: Virus volume = (target transduced cells) / (viral titer) Total input cells = (target transduced cells) / (target MOI of 0.05-0.1) Number of wells = (total input cells) / (cells per well at 90-95% confluence)
Spinfection for Library Generation Perform spinfection using conditions from Part A Centrifuge at 930g for 2 hours at 33°C ✅ Quality Check: Ensure proper cell density and mixing
4.2.2 Week 1-2: Selection and Expansion
Initial Selection 24 hours post-spinfection, trypsinize and pool cells Seed in T75 or T225 flask with antibiotic selection ⚠️ Critical Point: Maintain minimum target cell number
Library Expansion Passage cells maintaining proper representation Always keep >target number of transduced cells ✅ Quality Check: Monitor cell morphology and growth rate
4.2.3 Week 2-3: Library Validation
Representation Maintenance Calculate cell numbers at each passage Ensure minimum representation is maintained Document passage history
Pre-OPS Validation Validate sgRNA representation by NGS before OPS use Refer to SOP_008: CRISPR Library Validation
5 Quality Control and Validation
5.1 Critical Control Points
CCP 1: Cell viability >95% before transduction
CCP 2: Complete untransduced control death during selection
CCP 3: MOI between 0.05-0.3 for library generation
CCP 4: Minimum target cell representation maintained throughout expansion
CCP 5: sgRNA representation validated by NGS before use
5.2 Expected Results
Titration: Clear dose-dependent transduction efficiency
Selection: Complete death of untransduced controls within 2-3 days
Library: Uniform cell growth with maintained representation
Validation: Even sgRNA distribution by NGS analysis
5.3 Acceptance Criteria
MOI calculations consistent between dilutions (±20%)
Library representation: 500-1000× complexity maintained
Cell viability >90% throughout expansion
NGS validation shows <3-fold variation in sgRNA representation
6 Troubleshooting
	Problem
	Possible Cause
	Solution
	Prevention

	Low transduction efficiency
	Degraded virus, low polybrene
	Use fresh virus, optimize polybrene concentration
	Proper virus storage, test polybrene

	Incomplete selection
	Insufficient antibiotic, resistant cells
	Increase antibiotic concentration, extend selection
	Establish kill curve for cell line

	Poor cell growth post-selection
	Overselection, cell stress
	Reduce antibiotic concentration, improve culture conditions
	Gentle handling, optimal media

	Loss of representation
	Bottleneck during passage, inadequate cell numbers
	Increase passage cell numbers, shorter expansion
	Monitor cell counts carefully

	Inconsistent MOI values
	Uneven virus distribution, cell counting errors
	Mix thoroughly, use automated counting
	Standardize mixing protocol


7 References and Related Documents
7.1 Related SOPs
SOP_008: CRISPR Library Validation
SOP_009a: Conventional Library Preparation
SOP_011: Imaging Using Nikon Ti2
7.2 Reagent References
OPS_Reagents_Master_List.csv - Complete reagent and pricing information
OPS_Oligonucleotides.csv - Oligonucleotide sequences and specifications
7.3 Literature References
Multiplicity of infection determination for lentiviral vectors
CRISPR library design and validation protocols
Spinfection optimization for enhanced transduction
8 Appendices
8.1 MOI and Viral Titer Calculations
MOI Calculation:
Viral Titer Calculation:
Example Calculation:
Input cells: 100,000
Surviving cells (+antibiotic, 1/4 density): 20,000
Total cells (-antibiotic, 1/40 density): 80,000
Virus volume: 1 μL = 0.001 mL
MOI = 0.1 × (20,000) / (80,000) = 0.025 Viral Titer = (100,000 × 0.025) / 0.001 = 2.5 × 10⁶ TU/mL
8.2 Library Representation Calculations
Target Transduced Cells:
Required Input Cells:
Example for 1,000 sgRNA library with 500× representation:
Target transduced cells = 1,000 × 500 = 500,000
At MOI 0.1: Input cells = 500,000 / 0.1 = 5,000,000
Virus volume needed = 500,000 / (2.5 × 10⁶) = 0.2 mL
8.3 Cell Density Guidelines
12-well plate seeding densities:
90-95% confluence post-spinfection: ~200,000-300,000 cells/well
Adjust based on cell line doubling time and spinfection timing
Flask capacities:
T75 flask: ~5-10 × 10⁶ cells at confluence
T225 flask: ~15-30 × 10⁶ cells at confluence
