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Abstract 
 
This protocol presents a modified version of the Filterprep method originally reported in New Biotechnology, adding an 
optional step to reduce endotoxin levels. Filterprep is a simple, rapid, and cost-effective approach to plasmid DNA 
purification that couples ethanol precipitation with a single spin-column filtration step, eliminating chaotropic salts and silica 
binding. The formulations and parameters are fully transparent and do not rely on proprietary buffers, using only standard 
laboratory reagents and widely available miniprep columns. Under matched conditions, the method recovers high-purity 
plasmid DNA with yields up to fivefold higher than those obtained with representative commercial midiprep kits. The 
workflow is readily adoptable in most molecular biology laboratories and, under routine conditions, can be completed in 
approximately 40 min. The resulting DNA is suitable for molecular cloning, PCR, sequencing, and other downstream 
biochemical applications. Endotoxin is a lipopolysaccharide (LPS) found in the outer membrane of Gram-negative bacteria 
and may carry over during plasmid preparation. For experiments requiring lower endotoxin input, an optional modification 
resuspends the DNA pellet in a Triton X-114 wash buffer before column loading to decrease lipopolysaccharide carryover. 
The method is modular and extensible, allowing adjustment of precipitation and wash conditions, variation in the number 
of washes, selection of alternative column formats, and integration of endotoxin-reduction modules without altering the core 
principle. These features facilitate troubleshooting and quality control, enable scaling from routine batches to larger culture 
volumes and higher throughput, and allow seamless integration with existing workflows. 
 
 

Key features 
• Modular, chaotrope-free workflow [1] combining ethanol precipitation and single-column cleanup; transparent 

chemistry allows RNase, endotoxin reduction, or extra washes without changing the core principle. 
• Uses only standard reagents, a microcentrifuge, and common miniprep columns, with no proprietary kits, vacuum 

manifolds, or specialized equipment, enabling broad adoption across laboratories. 
• Extensible across scales from small miniprep volumes to larger cultures while remaining compatible with cloning, PCR, 

sequencing, and transfection-grade applications. 
• Optional low-endotoxin modification resuspends the DNA pellet in Triton X-114 wash buffer before column filtration 

to reduce lipopolysaccharide carryover. 
 

Keywords: Plasmid DNA purification, Ethanol precipitation, Spin column, Modular protocol, Endotoxin reduction, 
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Graphical overview 
 

 
 
Filterprep hybrid workflow for plasmid purification. Chaotrope-free workflow using ethanol precipitation for capture 
and a spin column for transfer and washing, delivering high yield and purity with broad downstream compatibility. 
 
 

Background 
 
Plasmid DNA purification is foundational to molecular cloning, genome engineering, and functional genomics [2–5]. 
Standard workflows couple alkaline lysis with silica spin columns or magnetic beads. While convenient, these approaches 
often rely on proprietary formulations and chaotropic salts, which increase cost and limit flexibility [6]. Traditional non-
column methods, such as phenol/chloroform extraction with ethanol precipitation or CsCl/ethidium bromide 
ultracentrifugation, are feasible but require organic solvents and waste handling, involve lengthy and operator-sensitive 
procedures, and show greater batch-to-batch variability, which reduces suitability for high-throughput, routine use [7,8]. 
Filterprep combines ethanol precipitation with a single spin column used as a physical filter rather than a silica-binding 
matrix. The chemistry is transparent and chaotrope-free, relies only on routine reagents and widely available miniprep 
columns, and is straightforward to implement across laboratories [1]. Under matched conditions, it yields high-purity 
plasmid DNA and can outperform representative commercial midiprep kits while remaining compatible with molecular 
cloning, PCR, sequencing, and transfection [9–11]. 
Endotoxin is a lipopolysaccharide (LPS) derived from the outer membrane of Gram-negative bacteria and may be carried 
over into plasmid DNA preparations. Although such background levels are generally acceptable for routine applications, 
some experimental contexts, such as the transfection of sensitive cell lines or preclinical testing, may require reduced 
endotoxin content. To address this, an optional modification resuspends the DNA pellet in a Triton X-114 wash buffer prior 
to column loading, thereby decreasing lipopolysaccharide carryover. Prior studies have shown that incorporating a nonionic 
surfactant such as Triton X-114 directly into the wash buffer can reduce endotoxin carryover without compromising recovery, 
consistent with the micellar sequestration of LPS [12–14]. This step fits within the existing timeline and requires no 
additional equipment, making it practical when lower endotoxin input is desired. 
Compared with silica-based kits, the protocol reduces dependence on chaotropic salts and proprietary buffers, lowers per-
sample cost, and facilitates troubleshooting and quality control, while also avoiding the organic solvents and 
ultracentrifugation required by traditional non-column methods. These properties shorten hands-on time, reduce batch-to-
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batch variability, and improve process predictability. Overall, Filterprep supports routine plasmid preparation and method 
development. Because of its modular design and parameter transparency, it has the potential to extend from routine scale to 
larger culture volumes and higher throughput by proportionally increasing precipitation and wash volumes, running multiple 
columns in parallel, or using higher-capacity formats. It can also serve as an upstream pretreatment before downstream 
polishing and stringent endotoxin-control modules, providing a pathway toward pilot-scale development and industrial 
application. 
 
 

Materials and reagents 
 
Biological materials 
 
1. Fast-TransTM competent E. coli DH5α cells (Protech, catalog number: PT-FTDH5) 
2. pEGFP-C1 plasmid (Clontech, catalog number: 6084-1) 
 
Reagents 
 
1. LB broth (Miller) (BioShop, catalog number: LBL407) 
2. Trizma® base (Sigma, catalog number: T1503) 
3. EDTA (BioShop, catalog number: EDT001) 
4. Thymolphthalein (Sigma, catalog number: 114553) 
5. RNase A (100 mg/mL) (QIAGEN, catalog number: 19101) 
6. Hydrochloric acid (HCl) (Merck, catalog number: 1.13134) 
7. Potassium acetate (KOAc) (BioShop, catalog number: POA301) 
8. Glacial acetic acid (Sigma, catalog number: A6283) 
9. Sodium dodecyl sulfate (SDS) (Sigma, catalog number: 75746) 
10. Sodium hydroxide (NaOH) (Sigma, catalog number: 221465) 
11. 95% ethanol (Merck, catalog number: 1.00983) 
12. 100% ethanol (Sigma, catalog number: 459844) 
13. Triton X-114 (Sigma, catalog number: 93422) 
 
Solutions 
 
1. 1 M thymolphthalein (see Recipes) 
2. Solution 1 (see Recipes) 
3. Solution 2 (see Recipes) 
4. Solution 3 (see Recipes) 
5. Wash buffer (see Recipes) 
6. Endotoxin removal buffer (ETR Buffer) (see Recipes) 
 
Recipes 
 
1. 1 M thymolphthalein 

Reagent Final concentration Quantity or volume 
Thymolphthalein 1 M 4.3 g 
100% ethanol  to a final volume of 10 mL 

 
2. Solution 1 

Reagent Final concentration Quantity or volume 
1 M Tris-HCl, pH 8.0  50 mM 25 mL 
0.5 M EDTA, pH 8.0 10 mM 10 mL 
1 M thymolphthalein (optional) 1 mM 0.5 mL 
ddH2O  to a final volume of 500 mL 
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3. Solution 2 
Reagent Final concentration Quantity or volume 
NaOH 0.2 N 4 g 
SDS 1% 5 g 
ddH2O   to a final volume of 500 mL 

 
3. Solution 3 

Reagent Final concentration Quantity or volume 
KOAc 3 M 147.2 g 
ddH2O  400 mL 
Glacial acetic acid  Titrate to pH 5.5 
ddH2O  to a final volume of 500 mL 

 
4. Wash buffer 

Reagent Final concentration Quantity or volume 
1 M Tris-HCl, pH 7.5 10 mM 5 mL 
100% ethanol 80% 400 mL 
ddH2O n/a 95 mL 
Total n/a 500 mL 

 
5. Endotoxin removal buffer (ETR buffer) 

Reagent Final concentration Quantity or volume 
Wash buffer n/a 99.8 mL 
Triton X-114 0.2% 0.2 mL 

 
Laboratory supplies 
 
1. 14 mL culture tube (Greiner Bio-One, catalog number: 187261) 
2. 250 mL baffled flask (DURAN, catalog number: 212833655) 
3. KimwipesTM (Kimberly-Clark, catalog number: 34155) 
4. 20 mL syringe (TERUMO, catalog number: SS-20L) 
5. 50 mL conical centrifuge tube (Greiner Bio-One, catalog number: 227261) 
6. PrestoTM Mini Plasmid kit (Geneaid, catalog number: PDH300) (only spin columns were used; buffers were not included 
in this protocol) 
 
 

Equipment 
 
1. PH meter (METTLER TOLEDO, model: F20) 
2. Centrifuge (Eppendorf, model: 5427R; rotor FA-45-30-11) 
3. Centrifuge (KUBOTA, model: 5922; rotor RA-410M3) 
4. NanoDrop (Thermo Fisher Scientific, model: NanoDrop One) 
 
 

Procedure 
 
A. Preparation of transformed bacteria 
 
1. This protocol was tested using E. coli DH5α carrying the high-copy plasmid pEGFP-C1, a commonly used mammalian 
expression vector. While compatible with other vectors and strains, yield and lysis behavior may vary depending on plasmid 
size, copy number, and host background. 
Note: Plasmids larger than 10 kb or low-copy constructs may require modified culture time or lysis buffer volumes (see 
General note 2). 
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2. Transform E. coli DH5α with pEGFP-C1 using the standard heat-shock method for chemically competent cells as 
described in [15]. Briefly, mix 50–100 ng of plasmid DNA with 100 μL of competent cells, incubate on ice for 30 min, heat-
shock at 42 °C for 45 s, return to ice for 2 min, recover in 400 μL of LB at 37 °C for 1 h, and plate on LB agar with the 
appropriate antibiotic. Incubate overnight at 37 °C. 
3. Pick a single, well-isolated colony and inoculate 3 mL of LB broth with the corresponding antibiotic in a 14 mL culture 
tube. Incubate at 37 °C with shaking (200–250 rpm) for 6–8 h. 
4. Inoculate 50 mL of fresh LB broth (with antibiotic) in a 250 mL baffled flask with 0.5 mL of the pre-culture. Incubate 
overnight (12–16 h) at 37 °C with shaking at 200–250 rpm until saturation (OD600 ≈  2.0–3.0). 
Critical: Use a flask at least 3–5 times the culture volume to ensure proper aeration. 
 
B. Cell harvest and resuspension 
 
1. Transfer 50 mL of the overnight bacterial culture to a 50 mL conical tube. 
2. Centrifuge at 6,000× g for 10 min at 4 °C in a refrigerated centrifuge. Carefully remove the supernatant without disturbing 
the pellet. 
3. Prepare solution 1 containing RNase A immediately before use by adding 4 µL of RNase A (100 mg/mL) to 4 mL of 
solution 1 (see Recipes) and mixing by gentle inversion. Resuspend the pellet completely in 4 mL of solution 1 with RNase 
A until no visible clumps remain (Figure 1A). 
Note: Buffer volumes can be adjusted according to culture size (approximately 1:20 ratio) (see General note 3). 
Critical: Ensure complete resuspension to enable efficient lysis in the next step. 
See Troubleshooting, problem 1. 
 
C. Alkaline lysis and neutralization 
 
1. Add 4 mL of solution 2 (see Recipes). Immediately mix by gently inverting the tube 4–6 times to homogenize. Incubate 
at room temperature for 3 min. Do not exceed 5 min (Figure 1B). 
Caution: Solution 2 is alkaline and contains SDS. Wear gloves and eye protection. 
Critical: Do not vortex; vigorous mixing shears genomic DNA and lowers plasmid purity. 
Note: If thymolphthalein indicator is included, the suspension turns blue upon lysis (see General note 4). 
See Troubleshooting, problem 1. 
2. Add 4 mL of solution 3 (see Recipes). Immediately mix by gently inverting the tube 4–6 times to ensure thorough 
neutralization. Incubate at room temperature for 10 min (Figure 1C). 
Note: If thymolphthalein indicator is included, mix until the blue color disappears completely, indicating full neutralization. 
Critical: Incomplete neutralization reduces clarification and yield. 
See Troubleshooting, problem 2. 
3. Centrifuge at ≥13,200× g for 10 min at 4 °C to pellet cell debris and precipitated proteins. Confirm that the supernatant is 
clear; if cloudy, repeat the centrifugation. 
Critical: A turbid supernatant indicates insufficient clarification. 
See Troubleshooting, problem 2. 
 

 
 
Figure 1. Color transitions during the resuspension-lysis-neutralization workflow. (A) Pellet after thorough 
resuspension in solution 1. (B) Lysate color after thorough mixing with solution 2. (C) Lysate color after thorough mixing 
with solution 3. 
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D. Syringe filtration and ethanol precipitation 
 
1. Transfer the clear supernatant to a 20 mL syringe preloaded with a single sheet of KimwipesTM (folded to fit) as a filter 
(Figure 2A–C). Gently insert the plunger and collect the filtrate into a 50 mL tube (Figure 2D). This step helps remove 
residual particulate matter or diffuse macromolecular aggregates that may interfere with column flow or compromise 
plasmid purity. 
Critical: Apply steady, gentle pressure to avoid channeling (see General note 5). 
Note: Place the syringe outlet close to the tube wall to minimize aerosol formation. 
See Troubleshooting, problem 3. 
2. Precipitate DNA by adding 1 volume (typically ~12 mL) of 95% ethanol equal to the filtrate volume. Mix thoroughly by 
inversion and centrifuge at ≥13,200× g for 10 min at 4 °C. Carefully decant the supernatant. 
Pause point: The DNA pellet may remain submerged in 95% ethanol at 4 °C for up to 1 h or at -20 °C for up to 24 h before 
proceeding. 
Note: For diluted or low-copy samples, increase ethanol to 1.2–1.5× or briefly chill before spinning; up to 2.0× may be 
used with additional washing/dry-spin (see General note 6). 
See Troubleshooting, problem 4. 
 

 
 
Figure 2. Schematic of supernatant filtration using KimwipesTM. (A) Folding of a KimwipesTM tissue. (B) A 20 mL 
syringe packed with the folded KimwipesTM tissue (indicated by a red arrow). (C) Pour the clarified supernatant into the 
packed 20 mL syringe. (D) Insert the plunger and press gently to filter into a 50 mL tube. 
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E. Column capture and washing 
 
1. Add 750 μL of wash Buffer to the DNA pellet and gently resuspend by pipetting until fully dispersed. Transfer the entire 
suspension to a miniprep spin column (PrestoTM Mini Plasmid Kit) placed in its collection tube. Equivalent standard silica 
columns from other commercial sources can also be used without affecting yield or purity. 
Note: Slightly trimming the pipette tip can prevent clogging by the pellet. If endotoxin reduction is desired, you may use ETR 
buffer instead of wash buffer in this loading step (see General note 7). If the sample volume exceeds the column capacity, 
the same column may be reloaded after the first centrifugation step, provided the flowthrough is discarded between loads. 
Also, see General note 8 regarding splitting large loads across two columns. 
See Troubleshooting, problem 5. 
2. Centrifuge the column at ≥13,200× g for 30 s at room temperature (20–25 °C). Discard the flowthrough. 
3. Add 750 µL of wash buffer to the column. Centrifuge at ≥13,200× g for 30 s at room temperature (20–25 °C). Discard the 
flowthrough. 
4. Repeat step E3 once more. 
5. Centrifuge at ≥13,200× g for 1 min at room temperature (20–25 °C) to remove residual wash buffer. 
Critical: This dry spin removes residual ethanol that can inhibit downstream enzymes. 
 
F. Elution and storage 
 
1. Place the spin column in a clean 1.5 mL microcentrifuge tube. Add 200 µL of nuclease-free water to the membrane, let 
stand for 2 min at room temperature, then centrifuge at ≥13,200× g for 2 min at room temperature (20–25 °C) to elute DNA. 
Note: Prewarming the eluent to 50–60 °C and a 2–5 min on-membrane incubation can improve yield (see General note 9). 
A second elution with an additional 100–200 µL increases total mass at the cost of lower concentration. 
See Troubleshooting, problem 6. 
2. Measure DNA concentration and purity using a spectrophotometer. Record A260/A280 and A260/A230 values. Store 
DNA at -20 °C (see General note 10). 
See Troubleshooting, problem 7. 
 
 

Validation of protocol 
 
This protocol (or parts of it) has been used and validated in the following research article: 
• Cheng et al. [1] The Filterprep: A simple and efficient approach for high-yield, high-purity plasmid DNA purification. 

New Biotechnology. 
 
In addition to the validation reported in our New Biotechnology publication [1], previous studies have shown that Triton X-
114 effectively removes lipopolysaccharide (LPS) contaminants from biological preparations [12–14]. Although no 
quantitative endotoxin assay (e.g., LAL test) was performed in this protocol, spectrophotometric measurements (OD 260/280 
and OD 260/230 ratios) indicated that inclusion of Triton X-114 did not noticeably affect plasmid yield or purity (Table 1). 
This optional wash step further demonstrates the modular nature of the Filterprep workflow, allowing users to incorporate 
additional modules, such as endotoxin reduction, while maintaining its core principles of precipitation and filtration. 
 
Table 1. Comparison of plasmid DNA purification methods using Qiagen kits and Filterprep protocols with or 
without the Triton X-114 wash step 

Properties Midiprep (QIAGEN) Filterprep (without Triton 
X-114 wash) 

Filterprep (with Triton X-114 
wash) 

Bacteria culture (mL) 50 50 50 
Average yield (μg) 176.7  ±  21.75 1,432  ±  281.1 1,381  ±  132.9 
OD 260/280 1.86 1.97 1.95 
OD 260/230 2.62 2.47 2.45 
Time (min) 150 <40 <40 
Costs per μg DNA (cents) 9.8 0.1 0.1 
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General notes and troubleshooting 
 
General notes 
 
1. Principle and positioning: This method recovers plasmid DNA by ethanol precipitation, then uses a miniprep column 
primarily as a support for transfer and washing, not for chaotropic salt–driven silica binding. No high-chaotrope binding 
step is required; residual salts mainly derive from the neutralized lysate. 
2. Culture conditions and copy number: There is no hard upper limit on culture volume. Yield depends on plasmid copy 
number, host genotype (use endA− strains such as DH5α or TOP10), and maintenance of antibiotic selection. When the OD 
plasmid copy is low, increase the culture volume or run multiple flasks in parallel and combine them before processing. 
Scale all buffer volumes proportionally while keeping the same lysis/neutralization times and g-forces (see General Note 3). 
When the supernatant volume becomes large, perform syringe filtration and ethanol precipitation in batches. Split the 
resuspended pellet across one or more columns to maintain flow and wash efficiency (see General Note 7). Observe tube 
and rotor rated capacities and g-limits. 
3. Buffer ratios and linear scaling: Buffer volumes are scaled relative to the culture volume at an approximate ratio of 1:20. 
This ratio follows the standard alkaline lysis principle established by Birnboim and Doly [2], ensuring complete lysis and 
consistent plasmid recovery. For a 50 mL bacterial culture, use 4 mL each of solution 1 (resuspension), solution 2 (lysis), 
and solution 3 (neutralization). Add RNase A to solution 1 immediately before use to reach a final concentration of 100 
µg/mL [e.g., 4 µL of RNase A (100 mg/mL) per 4 mL of solution 1]. For smaller or larger input volumes, adjust all buffer 
and RNase A volumes proportionally and maintain consistent mixing, incubation, and centrifugation conditions to ensure 
comparable plasmid yield and purity. 
4. The indicator is auxiliary: With thymolphthalein, the lysate turns blue upon alkaline lysis and becomes colorless after 
neutralization. Color depends on temperature and ionic strength, so rely on timing and thorough mixing; use color only as 
an aid. 
5. Syringe–Kimwipe filtration: Fold a single Kimwipes™ sheet to line the syringe wall. Filter the sample directly. If 
channeling occurs, optionally pre-wet the pad with a small amount of supernatant before full filtration. 
6. Ethanol precipitation parameters: Default is 1.0× volume of 95% ethanol. To enhance recovery, first increase ethanol to 
1.2–1.5× or chill briefly at 4 °C or -20 °C before spinning. Reserve up to 2.0× for very dilute or low-copy samples and, if 
used, add one extra 750 µL wash buffer rinse and extend the dry spin to 1–2 min to minimize salt and ethanol carryover. 
7. Endotoxin reduction option: When high transfection efficiency is required, substitute the ETR buffer for wash buffer at 
the pellet-to-column transfer step. Expect lower endotoxin with a modest decrease in total yield. 
8. Role of the column: Disperse the DNA pellet in 750 µL of wash buffer before loading. If the suspension is large, split 
across two columns to avoid slow flow. 
9. Elution and storage: Incubating nuclease-free water at 50–60 °C on the membrane for 2–5 min improves yield. A second 
elution increases total mass but reduces concentration. For long-term storage, elute with TE pH 8.0. Blank spectrophotometer 
with the same eluent. 
10. Quality metrics and downstream compatibility: Typical A260/A280 is 1.8–2.0, and A260/A230 is above 2.0. DNA is 
suitable for restriction digest, PCR, sequencing, and most transfections. If transfection is poor, check for residual ethanol or 
endotoxin first. 
 
Troubleshooting 
 
Problem 1: Lysate becomes highly viscous, and final DNA purity is low. 
Possible cause: Overmixing or over-incubation during alkaline lysis causes genomic DNA shearing and co-purification. 
Solution: Limit lysis to 3 min at room temperature. Mix by gentle inversion only (4–6 times). Do not vortex. Proceed 
promptly to neutralization. 
 
Problem 2: Supernatant remains cloudy, or blue does not fully disappear after neutralization. 
Possible cause: Incomplete mixing with solution 3 or insufficient clarification spin. 
Solution: Invert thoroughly immediately after adding solution 3 until homogenized; with the indicator, mix until completely 
colorless. Centrifuge at ≥13,200× g for 10–15 min at 4 °C; repeat if still turbid. 
 
Problem 3: Weak or invisible DNA pellet after ethanol precipitation. 
Possible cause: Ethanol proportion too low or temperature too warm for efficient nucleation; sample is very dilute or low 
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copy. 
Solution: Increase ethanol from 1.0× to 1.2–1.5× (95%–100% ethanol) or chill the mixture at 4 °C or -20 °C for 10–20 min 
before centrifugation. If still insufficient, increase to a maximum of 2.0× and add an extra 750 µL wash buffer rinse with an 
extended 1–2 min dry spin to limit salt and ethanol carryover (see General Note 6). 
 
Problem 4: Syringe–Kimwipe filtration is very slow or shows channeling. 
Possible cause: Filter folded too thick, uneven packing, or carried-over flocculent material. 
Solution: Refold a single sheet to fit snugly, pre-wet, and apply steady pressure. Replace the filter or perform a brief 
additional clarification spin before filtration if needed. 
 
Problem 5: Column flow is slow or the column clogs. 
Possible cause: Pellet not fully dispersed, or load exceeds practical capacity. 
Solution: Fully disperse in 750 µL of wash buffer before loading; trim the pipette tip to ease transfer. Split across two 
columns if needed. 
 
Problem 6: Low elution yield or concentration. 
Possible cause: Insufficient on-membrane incubation or residual ethanol on the membrane. 
Solution: Elute with prewarmed nuclease-free water (50–60 °C) and incubate for 2–5 min on the membrane. Consider a 
second elution. 
 
Problem 7: Good yield but low transfection efficiency. 
Possible cause: Residual ethanol or endotoxin. 
Solution: Extend the dry spin to 2 min. For sensitive applications, use ETR buffer at the pellet-to-column step. 
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