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Abstract

Advances in amyloid research rely on improved access to the β-amyloid peptide, Aβ. N-terminal 

methionine extended Aβ, Aβ(M1–42), is a readily expressed and widely used form of Aβ with 

comparable properties to the natural Aβ(1–42) peptide. Expression of Aβ(M1–42) is simple to 

execute and avoids an expensive and often difficult enzymatic cleavage step associated with 

expression and isolation of Aβ(1–42). This paper reports an efficient method for expression and 

purification of Aβ(M1–42) and 15N-labeled Aβ(M1–42). This method affords the pure peptide at 

about 19 mg per liter of bacterial culture through simple and inexpensive steps in three days. This 

paper also reports a simple method for construction of recombinant plasmids, and the expression 

and purification of Aβ(M1–42) peptides containing familial mutations. We anticipate that these 

methods will enable experiments that would otherwise be hindered by insufficient access to Aβ.
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Introduction

The β-amyloid peptide, Aβ, is central to the pathology of Alzheimer’s disease.1-3 The 40- 

and 42-amino acid alloforms of Aβ aggregate to form fibrils and oligomers in Alzheimer’s 

disease. The 42-amino acid alloform, Aβ(1–42) aggregates more rapidly and is more toxic 

than Aβ(1–40).4

A plentiful source of pure Aβ peptides, including isotopically labeled Aβ and various 

mutants associated with familial Alzheimer’s disease, is essential to progress in research in 

Aβ aggregation and Alzheimer’ s disease. Early efforts to generate Aβ focused on chemical 

synthesis of the peptide. Chemical synthesis of Aβ can lead to impurities, such as amino 

acid deletion products, that are difficult to eliminate during purification.5 Within the past 

fifteen years, expression has emerged as a useful alternative for preparing Aβ of superior 

purity. Expressed Aβ has been reported to aggregate three times faster and be significantly 

more toxic toward neuronal cells than synthetic Aβ.5 Expressed Aβ is typically generated as 

a fusion protein that is cleaved after expression using a protease.5-7 This approach requires 

expression and purification of the protease and an affinity purification step, which can make 

the preparation of Aβ costly and time-intensive.

Walsh and co-workers have introduced an Aβ expression system that circumvents the need 

for protease cleavage and affinity chromatography. In this expression system, Aβ(1–40) and 

Aβ(1–42) are expressed as variants Aβ(M1–40) and Aβ(M1–42) that contain an N-terminal 

methionine residue that originates from the translational start codon (Figure 1).8 Aβ(M1–40) 

and Aβ(M1–42) behave almost identically to the native peptides in aggregation and toxicity 

assays, and the additional N-terminal methionine has little impact on the fibril structure.9, 10 

Because of these characteristics, Aβ(M1–40) and Aβ(M1–42) have emerged as widely used 

alternatives to the native Aβ peptides.11-16 Although this expression system provides ready 

access to Aβ(M1–40) with yields of 5-20 mg per liter of bacterial culture, the preparation of 

Aβ(M1–42) gives substantially lower yields.8

Here we report an efficient method for expression and purification of Aβ(M1–42) and 

associated homologues, including the uniformly 15N-labeled peptide and familial mutants. 

Our method simplifies the construction of plasmids containing mutant Aβ sequences and 

bypasses cumbersome steps in previously reported purification procedures. Our approach 

offers several major advantages over previous procedures: (1) a short preparation time of 

only three days, (2) minimal expense, (3) easier laboratory techniques, and (4) production of 

substantial amounts of highly pure Aβ peptides at about 19 mg per liter of bacterial culture.

Material and Methods

All chemicals were used as received unless otherwise noted. Deionized water (18 MΩ) was 

obtained from a Thermo Scientific Barnstead Genpure Pro water purification system. The 

pET-Sac-Aβ(M1–42) was a gift from Dominic Walsh (Addgene plasmid # 71875).8 DNA 

sequences that encode Aβ(M1–42) familial mutants were purchased in 500 ng quantities 

from Genewiz. NdeI and SacI restriction enzymes, CutSmart buffer, and shrimp alkaline 

phosphatase (rSAP) were purchased from New England Biolabs (NEB). TOP10 Ca2+-
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competent E. coli and BL21 DE3 PLysS Star Ca2+-competent E. coli, T4 ligase, and 

ethidium bromide were purchased from Thermo Fisher Scientific. Zymo ZR plasmid 

miniprep kit was purchased from Zymo Research. Zymoclean Gel DNA Recovery Kit was 

purchased from Zymo Research. Carbenicillin and chloramphenicol were purchased from 

RPI Research Products. The carbenicillin was added to culture media as a 1000X stock 

solution (50 mg/mL) in water. The chloramphenicol was added to culture media as a 1000X 

stock solution (34 mg/mL) in EtOH. 15NH4Cl was purchased from Cambridge Isotope 

Laboratories.

The concentration of DNA was measured using a Thermo Scientific NanoDrop 

spectrophotometer. E. coli were incubated in a Thermo Scientific MaxQ Shaker 6000. E. 
coli were lysed using a QSonica Q500 ultrasonic homogenizer. Analytical reverse-phase 

HPLC was performed on an Agilent 1200 instrument equipped with a Phenomonex Aeris 

PEPTIDE 2.6u XBC18 column with a Phenomonex SecurityGuard ULTRA cartridges guard 

column for C18 column. Preparative reverse-phase HPLC was performed on a Rainin 

Dynamax instrument SD-200 equipped with an Agilent ZORBAX 300SB-C8 semi-

preparative column (9.4 × 250 mm) with a ZORBAX 300SB-C3 preparative guard column 

(9.4 × 15 mm). During purifications, the C8 column and the guard column were heated to 

80 °C in a Sterlite plastic bin equipped with a Kitchen Gizmo Sous Vide immersion 

circulator. (Any water heater large enough to submerge a HPLC column should be 

sufficient.) HPLC grade acetonitrile and deionized water (18 MΩ), each containing 0.1% 

trifluoroacetic acid (TFA), were used for analytical and preparative reverse-phase HPLC. 

MALDI-TOF mass spectrometry was performed using an AB SCIEX TOF/TOF 5800 

System. 1H-15N HSQC NMR was performed using a Bruker DRX500 500 MHz 

spectrometer equipped with a cryogenic probe.

For details of the expression and purification of Aβ(M1–42) and 15N-labeled Aβ(M1–42), 

the construction of recombinant plasmids, and the expression and purification of mutant 

Aβ(M1–42) peptides, see the Supporting Information.

Results and Discussion

The following describes the procedures that we have developed for the preparation of the 

Aβ(M1–42) wild-type and mutant peptides: For expression of the wild-type Aβ(M1–42) 

peptide, we use the commercially available plasmid, pET-Sac-Aβ(M1–42).8 For expression 

of mutant Aβ(M1–42) peptides, we construct recombinant plasmids containing mutant 

Aβ(M1–42) gene sequences using standard cloning techniques. Upon expression in E. coli, 
the peptides form inclusion bodies. The inclusion bodies are subjected to multiple rounds of 

washing, followed by solubilization in urea buffer. The resulting solution is filtered using a 

hydrophilic syringe filter and then immediately applied to a reverse-phase HPLC column. 

Pure HPLC fractions are then combined and lyophilized to give the peptide as a white 

powder. For biophysical and biological studies, the purified peptide is further treated with 

NaOH and then re-lyophilized. Yields are assessed both gravimetrically and by UV 

absorption. The composition and purity of the peptides are assessed by analytical HPLC, 

MALDI-MS, and SDS-PAGE with silver staining.
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Expression of Aβ(M1–42)

To express Aβ(M1–42), pET-Sac-Aβ(M1–42) plasmid is transformed into BL21(DE3)pLysS 

competent E. coli. Expression is induced by isopropyl β-D-1-thiogalactopyranoside (IPTG). 

The expressed peptide is pelleted with the inclusion bodies, which are washed several times 

and then solubilized with 8 M urea. The yield of Aβ(M1–42) depends on the extent of cell 

growth prior to IPTG induction, with an OD600 of ca. 0.45 proving optimal for wild-type 

Aβ(M1–42) production. Growth to substantially higher or lower OD600 values gives lower 

yields of peptide.

Purification of Aβ(M1–42) by preparative HPLC

At this point in the procedure, the expressed peptide is handled like a synthetic peptide, and 

HPLC is used to purify it. The solution of the inclusion bodies in 8 M urea is filtered to 

prevent damaging the HPLC column. Initially, a 0.22 μm nylon syringe filter was used, but 

doing so resulted in substantial loss of peptide. The hydrophobicity and propensity of Aβ to 

aggregate appear to make Aβ particularly prone to loss in filters. We screened several types 

of syringe filters to optimize peptide recovery, monitoring the relative concentrations of 

peptide by UV absorbance at 280 nm (Table 1).17 We found that a 0.22 μm hydrophilic filter, 

such as hydrophilic polyvinylidene fluoride (PVDF) or polyethersulfone (PES), provided 

satisfactory peptide recovery.

A typical HPLC trace of unpurified Aβ(M1–42) shows three major peaks (Figure 2A). The 

first peak is the largest and contains mostly monomer, and the second and the third peaks 

appear to be oligomers (Figure S1). For preparative HPLC, a reverse-phase silica-based C8 

column is used as the stationary phase, and a gradient of water and acetonitrile containing 

0.1% trifluoroacetic acid is used as the mobile phase. To enhance resolution and reduce peak 

tailing, it was necessary to heat the column. Without heating, the resolution and yield of 

peptide are substantially lower. Aβ(M1–42) peptide monomer generally elutes at around 

34% acetonitrile when the C8 column is heated to 80 °C in a water bath. HPLC fractions 

containing pure peptide were combined, and the purity was confirmed by analytical HPLC 

(Figure 2B). Acetonitrile was removed by rotary evaporation, and the aqueous solution of 

pure peptide was then frozen and lyophilized. These procedures typically yield about 19 mg 

of Aβ(M1–42) as the trifluoroacetate salt from one liter of bacterial culture.

This purification procedure does not require specialized equipment or costly reagents and is 

not time-consuming. It avoids the use of specialized and costly columns, such as cation-

exchange chromatography columns and size-exclusion chromatography columns. Another 

advantage of this procedure is that it yields lyophilized powder as the final peptide product. 

Working with lyophilized peptide is convenient for subsequent studies as it can be dissolved 

in any appropriate buffer at a desired concentration.

The purity and composition of the Aβ(M1–42) peptide were further assessed through 

MALDI-MS, and SDS-PAGE with silver staining. MALDI-MS confirms that the observed 

mass of Aβ(M1–42) matches the expected mass (Figure 2C). The silver-stained SDS-PAGE 

gel shows that at low concentrations, the Aβ(M1–42) peptide exists as a monomer. At higher 
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concentrations, Aβ(M1–42) begins to form oligomers with molecular weights consistent 

with trimers and tetramers (Figure 2D).

Sample preparation for biophysical and biological studies

The propensity of Aβ to aggregate necessitates the preparation of monomeric Aβ for 

subsequent studies.18 Without any sample preparation, studies are reported to be 

irreproducible.19 Fezoui and co-workers reported that treatment of Aβ with NaOH disrupts 

aggregates and generates Aβ that is monomeric or nearly monomeric.20 This NaOH-treated 

Aβ is widely used in subsequent aggregation studies.18

We applied this procedure to each batch of expressed Aβ to generate aliquots for further 

studies. Thus, the lyophilized powder was dissolved in 2 mM NaOH, and the pH was 

adjusted, if necessary, by addition of 0.1 M NaOH, to give a pH 10.5 solution. The solution 

was sonicated for one minute, the concentration was determined by UV absorbance at 280 

nm, and the yield of Aβ(M1–42) was calculated. The solution was then aliquoted in 0.0055 

or 0.020 micromole portions into small tubes, and these samples were frozen and 

lyophilized. The lyophilized aliquots are stored in a desiccator at −20 °C.

Expression of 15N-labeled Aβ(M1–42)
15N-labeled Aβ peptides are useful tools for structural studies by NMR and for studying 

binding profiles of Aβ. For expression of 15N-labeled Aβ(M1–42), E. coli are grown to an 

OD600 of ca. 0.45 in LB media, then the LB media is exchanged to M9 minimal media 

containing 15NH4Cl. Expression is induced in the 15N-enriched M9 media for 16 hours with 

IPTG. Purification and sample preparation of 15N-labeled Aβ(M1–42) is performed 

identically to unlabeled Aβ(M1–42). The composition of the 15N-labeled Aβ(M1–42) was 

assessed by MALDI-MS (Figure 3A). A 1H-15N HSQC NMR spectrum of 160 μM 15N-

labeled Aβ(M1–42) in 50 mM potassium phosphate buffer in 10% D2O was recorded at 

5 °C with a 500 MHz NMR spectrometer equipped with a cryogenic probe (Figure 3B). This 

spectrum matches the NMR spectrum reported by Macao and co-workers.9

The yield of the 15N-labeled Aβ(M1–42) peptide is comparable to that of the unlabeled 

Aβ(M1–42) peptide, at around 19 mg per liter of bacterial culture. Access to such amounts 

of the 15N-labeled peptide at low cost is enabling for performing experiments such as SAR 

by NMR.21

Construction of recombinant plasmids for expression of mutant Aβ(M1–42) peptides

To express Aβ(M1–42) peptides containing familial mutations, we construct recombinant 

plasmids by ligating enzymatically digested pET-Sac-Aβ(M1–42) and DNA sequences that 

encode Aβ(M1–42) mutants (Figure 4). In this procedure, pET-Sac-Aβ(M1–42) is first 

digested with NdeI and SacI restriction enzymes to remove the wild-type Aβ(M1–42) 

sequence. Next, the digested pET-Sac vector is treated with shrimp alkaline phosphatase 

(rSAP) to remove the terminal phosphate groups. The digested vector is isolated by agarose 

gel electrophoresis purification using a commercially available kit. Synthetic DNA encoding 

each mutant Aβ(M1–42) is purchased and then digested with NdeI and SacI to generate the 

insert. The vector and insert are ligated using T4 ligase and then transformed into TOP 10 

Yoo et al. Page 5

Biochemistry. Author manuscript; available in PMC 2019 July 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



competent E. coli. E. coli transformed with ligated plasmid form colonies on agar containing 

carbenicillin. Plasmids are isolated from colonies, and the sequences are verified by DNA 

sequencing. For this paper, we constructed five plasmids with familial mutations: A21G, 

E22G, E22K, E22Q, and D23N.

This cloning strategy is inexpensive and is simpler to execute than site-directed mutagenesis. 

The entire cloning procedure takes two days, and many mutants can be generated 

concurrently. Another advantage of this strategy is that Aβ(M1–42) plasmids containing 

multiple point mutations can be prepared as easily as plasmids containing single point 

mutations.

The purification and preparation of Aβ(M1–42) containing familial mutations is performed 

identically to that of Aβ(M1–42). The composition of familial mutant Aβ(M1–42) peptides 

was assessed using MALDI-MS (Figure 5A). The expression levels and yields of the 

Aβ(M1–42) familial mutants varied due to different aggregation propensities of the peptides. 

Analytical HPLC traces of crude samples of the A21G and E22Q mutants showed smaller 

first peaks and larger second and third peaks, suggesting that more oligomers are formed 

after dissolving the inclusion bodies. Figure 5B shows typical yields of the peptides. Our 

expression and purification procedures proved unsuitable for the E22Q mutant, which 

showed very little monomer in the HPLC trace.

Conclusion

The procedures described herein provide an efficient method for expression and purification 

of Aβ(M1–42), 15N-labeled Aβ(M1–42), and Aβ(M1–42) containing several familial 

mutations. Our method employs the most convenient features of protein expression and 

peptide purification to provide ready access to good quantities of the pure peptides. We 

anticipate that our method will provide new opportunities to pilot experiments that require 

large amounts of Aβ. We also anticipate that this method can be adjusted for the expression 

and purification of other amyloidogenic proteins.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Sequences of Aβ(1–40), Aβ(1–42), and Aβ(M1–42).
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Figure 2. 
Purification and characterization of Aβ(M1–42). (A) Typical analytical HPLC trace of 

filtered crude Aβ(M1–42) sample. (B) Typical analytical HPLC trace of purified Aβ(M1–

42). (C) MALDI mass spectrum of purified Aβ(M1–42). (D) Silver-stained SDS-PAGE gel 

(16% polyacrylamide) of increasing concentrations of Aβ(M1–42) from 0.5 to 125 μM. A 

12-μL aliquot was loaded in each lane of the gel.
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Figure 3. 
(A) MALDI spectra of unlabeled Aβ(M1–42) and 15N-labeled Aβ(M1–42) peptides. (B) 
1H-15N HSQC NMR spectrum of 160 μM 15N-labeled Aβ(M1–42) peptide at 5 °C at 500 

MHz equipped with a cryogenic probe.
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Figure 4. 
Molecular cloning strategy to construct recombinant plasmids of Aβ(M1–42) containing 

familial mutatations.

Yoo et al. Page 12

Biochemistry. Author manuscript; available in PMC 2019 July 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 5. 
(A) MALDI mass spectra of Aβ(M1–42) peptides with A21G, E22G, E22K, and D23N 

mutations. (B) Typical yields of Aβ(M1–42), 15N-labeled Aβ(M` 1–42), and mutant 

Aβ(M1–42) peptides.

Yoo et al. Page 13

Biochemistry. Author manuscript; available in PMC 2019 July 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Yoo et al. Page 14

Table 1.

The effect of different syringe filters on Aβ(M1–42) recovery.

Filter type UV absorbance
at 280 nm

Peptide
recovery

non-filtered Aβ sample 0.7279 ± 0.0052 N/A

Millex-HV PES (0.22 μm) 0.6294 ± 0.0001 86.5%

Fisher hydrophilic PVDF (0.22 μm) 0.6279 ± 0.0009 86.3%

Millex-GV hydrophilic PVDF (0.22 μm) 0.5703 ± 0.0003 78.3%

Fisher nylon (0.22 μm) 0.2907 ± 0.0001 39.9%

Millex-GV MCE (0.22 μm) 0.2273 ± 0.0001 31.2%
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