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Abstract
From the beginning of civilization, the media for storing data have been continuously evolving from such
as stone tablets, animal bones and bamboo tablets to paper, with improvements on data density over
time. Since the invention of electronics in the last century, the percentage of data stored in digital form
has been increasing rapidly to almost 100% recently. Moreover, the amount of data generated has been
increasing exponentially, from several ZB in 2008 to an expected 74 ZB in 2021, causing a much
increased demand for data storage correspondingly. Most of the digital data are stored in physical media
such as hard drives. In addition, many of the data are rarely accessed and are archived on reels of
magnetic tapes. However, the physical thickness of the tapes and the size of magnetic domains limit the
maximum data density, which is expected to reach a plateau soon. Furthermore, data in old tapes need to
be copied onto new tapes regularly, as the magnetic tapes can normally last for ten to twenty years only.
This process is time-consuming and expensive. Hence, next-generation media that can store digital data
with a much higher data density and durability are needed.

Here we report the use of peptide sequences for digital data storage, a method that has not been reported
before. The data-bearing peptides are commercially synthesized, and the data retrieval process is
described here. As an example, we stored one dataset consists of (i) 848 bits of ASCII formatted text in 40
peptides, and (ii) another dataset consists of 13752 bits of the “silent night” music in MIDI format
together with its title in ASCII format in 511 peptides. These files are available in Supplementary Files
section.

Introduction
From the beginning of civilization, the media for storing data have been continuously evolving from such
as stone tablets, animal bones and bamboo tablets to paper, with improvements on data density over
time. Since the invention of electronics in the last century, the percentage of data stored in digital form
has been increasing rapidly to almost 100% recently1. Moreover, the amount of data generated has been
increasing exponentially, from several ZB in 2008 to an expected 74 ZB in 2021, causing a much
increased demand for data storage correspondingly2. Most of the digital data are stored in physical
media such as hard drives. In addition, many of the data are rarely accessed and are archived on reels of
magnetic tapes. However, the physical thickness of the tapes and the size of magnetic domains limit the
maximum data density, which is expected to reach a plateau soon. Furthermore, data in old tapes need to
be copied onto new tapes regularly, as the magnetic tapes can normally last for ten to twenty years only.
This process is time-consuming and expensive. Hence, next-generation media that can store digital data
with a much higher data density and durability are needed.
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Here we report the use of peptide sequences for digital data storage, a method that has not been reported
before3. The data-bearing peptides are commercially synthesized, and the data retrieval process is
described here. As an example, we stored one dataset consists of 848 bits of ASCII formatted text in 40
peptides, and another dataset consists of 13752 bits of the “silent night” music in MIDI format together
with its title in ASCII format in 511 peptides. These files are available in Supplementary Files section.

Reagents
Peptides (lyophilized, as trifluoroacetate salts, >50% purity) were synthesized by Genscript Inc. (Nanjing,
China) and GL Biochem (Shanghai, China). The peptides were dissolved in dimethyl sulfoxide (10
µg/mL), mixed together for each dataset, and diluted with 50% acetonitrile with a 1:1 ratio before
analysis. Methanol and acetonitrile (HPLC grade) were from Duksan (South Korea). Formic acid (99100%) was from VWR (France). Water was purified by MilliQ system.

Equipment
LC: Waters Acquity UPLC system with a C18 column (Agilent AdvanceBio Peptide Map, 2.1×150 mm, 2.7
µm particle size, 120 Å pore size)

MS: Orbitrap Fusion Lumos mass spectrometer (ThermoFisher Scientific, San Jose, CA)

Procedure
1. Dilute the stock peptide mixture by 50% acetonitrile (ACN)/water with 0.1% formic acid (FA). The final
concentration of the 40-peptide mixture was 10 ng/uL while the 511-peptide mixture was 1.02 ug/uL.

2. Prepare the mobile phase A: 0.2% FA in water, and mobile phase B: 0.2% FA in ACN.

3. Mount the C18 column on the UPLC system.

4. Set the LC method:
- Injection volume = 1 uL
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- Flow rate = 0.3 mL/min
- Column temperature = 55 oC
- Gradient:
- 0 min: 10% B
- 2 min: 18% B
- 8 min: 22% B
- 48 min: 34% B
- 64 min: 40% B
- 75 min: 55% B
- 78 min: 80% B
- 83 min: 80% B
- 83 min: 80% B
- 83.01 min: 10% B
- 90 min: 10% B

5. Set the MS method:

General:
- spray voltage = +3600 V
- ion transfer tube temperature = 280 oC
- vaporizer temperature = 280 oC

MS1 scan parameters:
- scan range = m/z from 900 to 1400 Da
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- resolution = 30K

Ion selection parameters:
- use quadruple
- if available, use advanced peak determination (APD) with default charge of +2
- top-speed mode with 3 s cycles
- mass tolerance = 25 ppm
- dynamic exclusion window = 4 s
- isolation window width = 1.6 Da

MS2 scan parameters:
- high-energy collision dissociation (HCD) at 28% of normalized collision energy
- stepped collision energy = 5%
- scan range = m/z from 240 to 2450 Da
- resolution of 15K.

6. Run the LC-MS/MS process using the set parameters. For better results, repeat the process 2-3 times.

7. Use MSConvert (a part of ProteoWizard), convert the .RAW spectral file to .ms1 and .ms2 files.

8. Using a custom script, preprocess the spectra in the .ms1 and .ms2 files. The preprocess includes
deconvolution to obtain a list of masses and charges of isotopic clusters with one or more peaks each,
and identifying the monoisotopic mass and charge of parent ion.
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9. Using another custom script, analyze the preprocessed spectra to obtain a list of correct sequence
candidates, then group and score the candidates to obtain the correct sequences. If the LC-MS/MS
process is repeated, all such candidates are included in the grouping and scoring processes.

10. Using another custom script, convert the correct sequences back to sequences of 0s and 1s,
according to the predefined encoding (Fig. 1) and error-correction schemes. The original file is obtained.

Troubleshooting
Time Taken
Steps 1-2: < 1h
Steps 3-6: About 2 h
Steps 7-10: About 4 h per .RAW file

Anticipated Results
For 40 peptides, >38 peptides can be sequenced correctly;
For 511 peptides, >90% of the peptides can be sequenced correctly.
After error-correction according to the encoding scheme, the stored data can be retrieved correctly.
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Figures

Figure 1
The one-to-one mapping of bit sequences to amino acids.

Supplementary Files
This is a list of supplementary files associated with this preprint. Click to download.
datasetAtext.txt
datasetBsilentNight.mid
datasetBtitle.txt
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