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Peptides have essential structural and catalytic functions in
living organisms. The formation of peptides requires the over-
coming of thermodynamic and kinetic barriers. In recent years,
various formation scenarios that may have occurred during the
origin of life have been investigated, including iron(III)-catalyzed
condensations. However, iron(III)-catalysts require elevated
temperatures and the catalytic activity in peptide bond forming
reactions is often low. It is likely that in an anoxic environment
such as that of the early Earth, reduced iron compounds were
abundant, both on the Earth’s surface itself and as a major
component of iron meteorites. In this work, we show that

reduced iron activated by acetic acid mediates efficiently
peptide formation. We recently demonstrated that, compared
to water, liquid sulfur dioxide (SO2) is a superior reaction
medium for peptide formations. We thus investigated both and
observed up to four amino acid/peptide coupling steps in each
solvent. Reaction with diglycine (G2) formed 2.0% triglycine (G3)
and 7.6% tetraglycine (G4) in 21 d. Addition of G3 and dialanine
(A2) yielded 8.7% G4. Therefore, this is an efficient and plausible
route for the formation of the first peptides as simple catalysts
for further transformations in such environments.

Introduction

In living organisms, peptides fulfill various essential functions,
such as cellular signaling, structural tasks or catalysis, making
them indispensable everywhere in nature.[1] Consequently, their
formation paths at the very beginning of the origin of life are of
great interest. As generally accepted, the required condensation
of amino acids is thermodynamically and kinetically unfavorable
in aqueous solutions. To overcome this obstacle several
scenarios for the emergence of peptides have been proposed,
involving the presence of condensation agents and activated
amino acid derivatives,[2] dry heating,[3] mechanochemical
reaction conditions and non-aqueous reaction media,[4] such as
eutectic and sulfur dioxide (SO2) solutions.[4b,5] Metal and
mineral catalysis under conditions that promote dehydration is
another strategy to circumvent the constraints in aqueous
solution.[6] Although some remarkable peptide yields were

obtained from these routes, the availability of frequently
required condensation agents such as polyphosphates,
imidazole, cyanates and cyanamides in sufficient concentrations
on the early Earth is still controversial.[6c,7] Prebiotic peptide
syntheses should be based on easily available reagents to
ensure their compatibility with various scenarios. Iron as a
highly abundant element on (early) Earth perfectly meets this
requirement.[8] Assuming an atmosphere that mainly consisted
of N2 and CO2 with traces of CO, H2 and reduced sulfur gases,
i. e., an anoxic environment,[9] makes the coexistence of iron(III)-
minerals and reduced iron compounds plausible.[8a,10] A weakly
reducing atmosphere stabilizes elemental iron derived from
meteorite impacts or serpentinization of mafic rocks and
iron(II)-minerals stemming from weathering of the basalt- and
komatiite-rich earth crust in the Hadean eon.[8a,11] Previous
studies focused mainly on iron(III)-mediated peptide
formation.[12] With the environmental constraints of an anoxic
environment in mind we propose that reduced iron species
might be superior mediators for prebiotic peptide syntheses.
However, to our knowledge, neither metallic iron as starting
material nor active iron(II)-intermediates have yet been consid-
ered for prebiotic amino acid coupling. Up to date the role of
iron(II) in peptide syntheses is limited to an additive and surface
material in COS or CO and H2S activated amino acid coupling
by Ghadiri and Wächtershäuser.[2b,13] Thus, we intended to
exploit the potential of reduced iron and iron compounds as
coupling agents in an effective peptide synthesis starting from
prebiotically plausible reactants (Figure 1a),[14] because the
corrosion of iron supports the necessary dehydration in the
peptide coupling and brings the amino acids into close
proximity through coordination.
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Results and Discussion

Initial corrosion of elemental iron is promoted by acetic acid
(AcOH). The formation of carboxylic acids and in particular of
AcOH under primordial conditions is well known.[14a,15] We
propose that formation of iron(II)-species (Fe(OAc)2) and
coordination of amino acids/peptides lead to an iron(II)-
complex mediated coupling step (exemplified for the coupling
of amino acids: Figure 1a and b, Scheme S1).

The intermediate of the peptide formation is proposed to
be a distorted octahedral complex 1 as iron(II) amino acid
complexes and Fe(OAc)2 are distorted high-spin (HS)
complexes.[16] This structural characteristic supports the removal

of water emerging from the coupling step from the reaction
site, regenerating AcOH after a second condensation step. We
further propose that water is efficiently removed from the
reaction cycle by formation of iron hydroxide, which is the
thermodynamic driving force of the reaction. In the next
reaction cycle regenerated AcOH reacts with elemental iron
from the reservoir, again providing iron(II)-precursors for further
amino acid couplings.

We recently demonstrated for copper-mediated peptide
coupling, that in an environment of liquid SO2 already lower
amino acid and copper loadings yielded greater amounts of
products under milder reaction conditions.[5] Therefore, we
investigated the iron-mediated peptide synthesis in water and

Figure 1. Proposed mechanism exemplified for the coupling of amino acids and experimental workflow. a) Proposed reaction cycle of the iron-mediated
peptide formation, including Fe(OAc)2 formation, amino acid coupling and AcOH regeneration. b) Proposed mechanism for the amino acid coupling (see also
Scheme S1). c) Experimental setup: reactions in liquid SO2 were performed at room temperature in a pressure apparatus, reactions in H2O at 70 °C. Product
analysis was performed by CE-MS measurements.
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liquid SO2 by reaction of iron powder, amino acids, AcOH and
urea as an additive. Product mixtures were separated and
analyzed by capillary electrophoresis coupled to electrospray
Orbitrap mass spectrometry (CE-MS).[17] Formed peptides were
quantified and sequence analysis was performed by tandem
mass spectrometry (MS/MS) (Figure 1c).

First, the reaction conditions for iron-mediated peptide
formation in water were screened using alanine (A), glycine (G),
and diglycine (G2) as starting materials. The reaction temper-
ature and the reactant ratios were systematically varied. In
addition, the influence of urea which is known as promoter in
prebiotic peptide bond formation and phosphorylation was
investigated.[5,14b,18]

Interestingly, peptide formation could be also observed in
absence of AcOH. G-containing peptides up to G4 could be
detected, implying that either amino acids themselves oxidize
the elemental iron or elemental iron is capable to mediate the
peptide formation (Figures S15 and 16). However, small traces
of AcOH (0.07 eq, based on the total amount of amino acid)
significantly accelerated the corrosion of the iron powder,
resulting in an enhanced peptide yield (Figures S2 and S17–22).
In the presence of larger amounts of AcOH amino acid coupling
was still observed, however conversion decreased slightly. The
more acidic conditions cause increased peptide cleavage.[19]

Both large excesses (3.00 eq) as well as traces of iron led to
efficient peptide synthesis and even 0.01 eq iron powder
produced various di- to hexapeptides (Figures S3, S23–40).
Maximum peptide formation and a homogenous reaction
mixture were observed with 6.67 eq water. Both further dilution
and reduced water quantities led to decreased product
formation (Figure S4, S41–66).

Furthermore, the influence of urea as an additive was
investigated; its yield-increasing influence on metal-catalyzed
dipeptide syntheses has already been described.[5] Urea enhan-
ces the conversion by improving the solubility of the peptides
and can remove water upon decomposition.[20] For our screen-
ing 0.50 or 1.00 eq urea was added to the reaction mixture
(Figures S5 and S67–86). We found that the influence of urea on
the reaction depends on the specific peptide. With increasing
urea concentration, the conversion of A-containing peptides
increases, but at the same time the yield of G-containing
peptides decreases. This effect increases with the length of the
peptide chains, which is caused by suppressing stabilizing
intramolecular interactions of the peptide by urea,[20] limiting
the synthesis of longer oligomers.

In the presence of iron(II) acetate Fe(OAc)2 peptide coupling
can be observed, corroborating that an iron(II)-complex medi-
ates the coupling reaction (Figure 1a and b, Table 1, Figur-
es S87–94).

Traces of G3 and G4 were detected after 21 days (d) at room
temperature (Figures S95 and 96). Higher temperatures accel-
erated the reaction, so that G7 could be detected at 70 °C
already after 7 d (Figures S97 and 98). However, at the same
time elevated temperatures enabled side product formation. In
analogy to iron(III)-catalyzed condensations the G based cyclic
dipeptide product (diketopiperazine) was obtained in 1% yield
referred to G2. Furthermore, acetylated reactants were observed

(Figures S99, 100). Overall, the iron-mediated peptide synthesis
proceeds over a wide range of reaction conditions. Peptide
traces are detected under mild reaction conditions.

Next, we investigated the reaction progress of the iron-
mediated peptide synthesis in water at 70 °C, for which the
peptide yields of the reaction were determined after 1, 3, 7, and
21 d (Table 1, Figures S6–8, S101–144, S261–264, Tables S1, S4–
7). Di- to tetrapeptides were detected after only 1 d, including
AG, AG2, A2G, G3, and G4 (and the corresponding inverse
sequences), and over the course of 21 d both the yields and the
number of peptide products increased steadily. A2 was formed
after 3 d, and after 21 d G9 was detected as the longest
polypeptide. G3 and G4 were synthesized within 21 d with a
yield of 2.0 and 7.6%. Adding peptides G3 and A2 to the
reaction mixture resulted in increased yields of longer oligom-
ers (Table 1, Figures S145–180, Tables S1, S8–10). G4 was
synthesized within 21 d with a yield of 8.7%, G10 was detected
as the longest peptide chain. Within 21 d, the yield of each
peptide product increased, confirming that longer reaction
times not only lead to better yields but also result in longer
oligomers. It is important to note that peptide hydrolysis was
not observed under these conditions, which agrees very well
with kinetic studies.[21]

Based on these results, peptide synthesis by iron-mediated
amino acid coupling in aqueous medium is a very promising
and prebiotically plausible route. In view of the results of our
previous studies for peptide synthesis in liquid SO2, we
intended to test the applicability of the route to another
scenario and transferred the iron-mediated synthesis to this
solvent.[5] However, initial experiments with 0.50 eq of iron
powder (based on the total amount of amino acids) and an
amino acid mixture of G and A with 0.05 eq of AcOH in SO2 at
room temperature for 7 d resulted in the formation of only
trace amounts of G2 (Figures S9, S181–183).

In analogy to the reaction in water, the influence of urea on
peptide formation in SO2 was investigated. The addition of
0.25 eq urea led to the formation of all possible dipeptide
combinations and 0.50 eq even allowed the formation of
tripeptides after 7 d (Figures S9, S184–189, Table S3), conse-
quently 0.50 eq urea was used in all subsequent reactions.

Based on the optimized reaction conditions, we investigated
the applicability of the proposed mechanism to the reaction in
SO2 (Figure 1a and b). When AcOH is regenerated, catalytic
amounts of AcOH should be sufficient for peptide synthesis. An
investigation of peptide yield as a function of AcOH concen-
tration showed a maximum at 0.05 eq (Table 2, Figures S10,
S187–198, S265–278, Tables S3, S11–16). In analogy to the
synthesis in aqueous medium, an increasing AcOH concentra-
tion leads to peptide cleavage and decrease in yield.[19]

Interestingly, dipeptides were observed after 7 d even without
addition of AcOH. In addition to the reasons discussed for the
reaction in aqueous solution, oxidation of elemental iron by SO2

itself must be considered.[22] Product formation without accel-
erated corrosion by AcOH and even at low concentrations is
particularly interesting from a prebiotic perspective, as many
scenarios for the emergence of life assume low reactant
concentrations. Screening of various iron concentrations
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showed that higher yields and broader product ranges could be
observed for higher metal concentrations (Table 2, Figures S11,
S187–189, S199–207, S273 and 274, S279–283, Tables S3, S11
and 12, S17–20). Despite that, traces of G2 form even without
the addition of elemental iron and iron quantities as small as
0.05 eq yielded 0.3% G2 and even enabled the formation of
tripeptides.

As in the aqueous reaction, the substitution of elemental
iron and AcOH by Fe(OAc)2 (0.05 eq) yields peptides corroborat-
ing that an iron(II)-complex mediates the coupling reaction.
With Fe(OAc)2 di- and tripeptides formed after 7 d (Table 2,
Figures S12, S208–210, S284–286, Tables S3, S21 and 22).

Starting from the optimized conditions including elemental
iron (0.50 eq), catalytic AcOH quantities (0.05 eq) and the
addition of urea (0.50 eq), we investigated the reaction time
dependence of the peptide yields for the A, G system (Table 2,
Figures S13, 14, S187–189, S214–228, S273–274, S289–291,
Tables S2 and 3, S11 and 12, S25 and 26). G2 and GA already
formed after 1 d and their yields increased continuously over
time, resulting in 2.5% G2 and 1.4% AG/GA after 29 d. After 3 d

A2 and traces of G3 and after 7 d G2A could be detected. In
addition to that, the iron-mediated reaction in SO2 yielded
tetra- and even various pentapeptides after 29 d. Diketopiper-
azines and acetylated amino acids were absent in liquid SO2.

Replacing iron powder with the Hadean mineral marcasite
(FeS2) also led to peptide formation, further corroborating the
prebiotic plausibility of the presented synthetic pathway.[8a] The
conversion of A and G with the mineral and urea for 7 d yielded
G2, GA, A2 and even G3 and AG2 in trace amounts (tripeptide
sequences could not be identified) (Table 2, Figures S12, S229-
231, S284, S287 and 288, Tables S3, S23 and 24).

Furthermore, we tested G2 as reactant in liquid SO2. Starting
with G and G2 in the presence of iron, urea (each 0.50 eq) and
AcOH (0.05 eq) we observed up to two condensation steps and
the formation of G3 to G6 (Figures S211–213).

To investigate the performance of the reaction in a more
complex system, we applied iron-mediated peptide synthesis in
liquid SO2 to a larger amino acid mixture consisting of all 20
proteinogenic amino acids. The resulting peptide mixture was
separated by capillary electrophoresis and the dipeptide

Table 1. Overview of reaction conditions, coupling steps, products and yields for the iron-mediated peptide formation in H2O. Products in brackets refer to
the entirety of all inverse sequences. Yields were determined by CE-MS measurements. Error bars indicate� s.d. obtained from two experiments by double
determination via CE-MS.

reactants c per reactant
[M]

iron species AcOH
[eq]

t
[d]

max. number of coupling
steps starting from G2

products Yield
[%]

A, G, G2 2.61 0.07 eq Fe 0.14 1 1 (AG)
G3

G4

(AG2), (A2G)

traces[a]

0.14�0.03
0.17�0.03
n.d.[b]

A, G, G2 2.61 0.07 eq Fe 0.14 3 1 (AG)
G3

G4

A2

(AG2), (A2G), G5

0.02�0.00
0.37�0.05
0.61�0.14
traces[a]

n.d.[b]

A, G, G2 2.61 0.07 eq Fe 0.14 7 2 (AG)
G3

G4

A2

(AG2), (A2G), G5, G6

0.05�0.00
0.93�0.05
3.26�0.15
traces[a]

n.d.[b]

A, G, G2 2.61 0.07 eq Fe 0.14 21 3 (AG)
G3

G4

A2

(AG2), (A2G), (A2G2), G5, G6, G7, G8, G9

0.15�0.02
2.03�0.22
7.56�0.39
traces[a]

n.d.[b]

n.d.[b]

A, G, G2 2.31 0.07 eq Fe(OAc)2 – 7 (AG), G3, G4, A2, (AG2), (A2G), G5, Gs n.d.[b]

n.d.[b]

A, G, G2, A2, G3 1.57 0.07 eq Fe 0.14 7 3 (AG)
A3

G4

(AG2), (A2G), A4, (A2G2), G5, G6, G7, G8, G9

0.06�0.01
0.06�0.01
5.57�0.34
n.d.[b]

n.d.[b]

A, G, G2, A2, G3 1.57 0.07 eq Fe 0.14 14 4 (AG)
A3

G4

(AG2), (A2G), A4, (A2G2), G5, G6, G7, G8, G9, G10

0.14�0.01
0.07�0.01
7.83�1.08
n.d.[b]

n.d.[b]

A, G, G2, A2, G3 1.57 0.07 eq Fe 0.14 21 4 (AG)
A3

G4

(AG2), (A2G), A4, (A2G2), G5, G6, G7, G8, G9, G10

0.23�0.02
0.09�0.00
8.66�0.43
n.d.[b]

n.d.[b]

[a] Yield too low for quantification. [b] Not determined
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sequences were identified by MS/MS experiments (Figure 2,
Figures S232–260). Incorporation of all amino acids into dipep-
tides emphasizes the versatility of the synthetic pathway.
Alkaline amino acids exhibited outstanding conversion to
dipeptides, whereas the inferior reactivity of acidic amino acids
and tyrosine (Y) might be a result of their low solubility.[5] Also
remarkable is the formation of various proline (P) based
peptides, which are known to be catalytically active.[23]

Conclusion

In summary, peptide formation by reduced iron from prebioti-
cally available reactants at room temperature led to quantifiable
dipeptide amounts in SO2 and to peptide traces in aqueous
solution. The aqueous reaction showed increased peptide
formation at 70 °C, though at elevated temperatures diketopi-
perazines and acetylated side products were obtained. Further-
more, up to four condensations steps per peptide chain were
accomplished in SO2 even at room temperature and in water at

70 °C which could not be observed in previous iron(III)-
mediated peptide formation.[12] Comparison of the presented
route with the iron(III)-pathways showed that products acces-
sible via the same number of coupling steps are able to
compete in yield. The incorporation of all proteinogenic amino
acids into peptides and the successful substitution of iron
powder with the Hadean mineral marcasite corroborate the
applicability of the peptide formation by reduced iron to
complex scenarios related to the origin of life. The presented
synthetic pathway is compatible with a wide range of prebioti-
cally plausible scenarios as a result of the high iron
abundance.[8a] Even iron containing meteorites are conceivable
reaction sites for iron-mediated peptide formation.

Experimental Section
Peptide condensation in water. An amino acid mixture of equimo-
lar parts of l-alanine (A), glycine (G) and diglycine (G2) (800 mg,
8.10 mmol in total, 1.00 eq) was mixed with iron powder (30.2 mg,
0.54 mmol, 0.07 eq) and added to a 4 mL glass vial. Acetic acid

Table 2. Overview of reaction conditions, coupling steps, products and yields for the iron-mediated peptide formation in SO2 starting from A and G (each
400 mM, in total 1.00 eq). Products in brackets refer to the entirety of all inverse sequences. Yields were determined by CE measurements. Error bars indicate
� s.d. obtained by double determination via CE. Sequences which could be determined unambiguously by MS/MS are depicted in Table S3.

iron species AcOH
[eq]

Urea
[eq]

t
[d]

max. number of
coupling steps

products Yield
[%]

0.50 eq Fe 0.05 0.50 1 1 G2, (AG) traces[a]

0.50 eq Fe 0.05 0.50 3 2 G2, (AG), A2

G3

traces[a, b]

n.d.[c]

0.50 eq Fe 0.05 0.50 7 2 G2

(AG)
A2

G3, (AG2)

0.54�0.02
0.13�0.02
traces[b]

n.d.[c]

0.50 eq Fe 0.05 0.50 29 4 G2

(AG)
A2

G3, (AG2), (A2G), A3,
G4, A4, (AG3), (A2G2),
(A3G), G5, (AG4),
(A2G3), (A3G2)

2.48�0.45
1.38�0.22
1.48�0.21
n.d.[c]

n.d.[c]

0.50 eq Fe 0.25 0.50 7 2 G2

(AG)
A2

G3, (AG2)

0.33�0.04
0.11�0.01
traces[b]

n.d.[c]

0.50 eq Fe 0.50 0.50 7 2 G2

(AG)
A2

G3, (AG2)

0.25�0.06
0.09�0.01
traces[b]

n.d.[c]

0.05 eq Fe(OAc)2 – 0.50 7 2 G2

(AG)
A2

G3, (AG2)

0.35�0.02
0.16�0.01
traces[b]

n.d.[c]

0.05 eq Fe 0.05 0.50 7 2 G2

(AG)
A2

G3, (AG2)

0.29�0.13
0.10�0.02
traces[b]

n.d.[c]

0.25 eq Fe 0.05 0.50 7 2 G2

(AG)
A2

G3, (AG2)

0.46�0.04
0.15�0.01
traces[b]

n.d.[c]

20.9 mmol/g FeS2 – 0.50 7 2 G2

(AG), A2

G3, (AG2)

0.17�0.01
traces[a,b]

n.d.[c]

[a] Yield too low for quantification. [b] Insufficient electrophoretic separation of A2 and monomer prevented A2 quantification. [c] Not determined.
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(AcOH) (61.8 μL, 1.08 mmol, 0.14 eq) and H2O (973 μL, 54.0 mmol,
6.67 eq) were added. The vials were sealed and transferred to a
metal block at 70 °C on a shaking plate. Unless otherwise stated,
samples were taken after 1, 3, 7 and 21 d. All experiments were
repeated twice and each analyzed twice.

Peptide condensation in liquid SO2. G (90.1 mg, 1.20 mmol), l-A
(106.9 mg, 1.20 mmol) (2.40 mmol in total, 1.00 eq), urea (72.1 mg,
1.20 mmol, 0.50 eq) and iron powder (67.2 mg, 1.20 mmol, 0.50 eq)
or optionally either marcasite (FeS2) (114.8 mg, amino acid/mineral
ratio of 20.9 mmol/g) or Fe(OAc)2 (20.9 mg, 120 μmol, 0.05 eq) were
mixed. For the reaction of the complete amino acid mixture
(1.20 mmol in total, 1.00 eq) in the presence of urea (72.1 mg,
1.20 mmol, 1.00 eq) iron powder (67.2 mg, 1.20 mmol, 1.00 eq) was
used as starting material. When using iron powder the reaction
mixture was incubated with AcOH (6.90 μL, 120 μmol) for 2 h. The
glass tube was inserted into the stainless steel apparatus on the
reaction side (Figure S1). The reaction mixture was evacuated and
flushed with nitrogen three times. SO2 (3 mL) from the storage
chamber was condensed on to the reaction mixture at � 76 °C. The
resulting pressure in the chamber is 3.2 bar. The reaction mixture
was stirred for 1 to 29 d at room temperature. At the end of the
reaction time SO2 was condensed back into the storage chamber to
be reused for up to four more reactions. The solid residue was dried
in vacuo and stored at -50 °C.

CE-MS/MS analysis. Prior to analysis all samples were diluted and
filtered through a syringe filter (cellulose acetate, pore size
0.45 μm). Samples containing A and G were diluted to 5 mM and
the sample containing the complete amino acid mixture to 1 mM
referring to the initial concentration of one amino acid. Peptide
analysis was performed on an Agilent 7100 CE System coupled to a
Thermo Scientific Q Exactive Plus mass spectrometer using a home-
built sheath-flow interface, which is described elsewhere.[17] Electro-
phoretic separations in positive polarity mode were conducted at
25 °C by applying 30 kV to the CE inlet. In addition, a constant

pressure of 30 mbar was applied to accelerate the analyses. Prior to
analysis bare fused silica capillaries (ID=50 μm, l=80 cm) were
coated with linear polyacrylamide to avoid peptide adsorption on
the capillary wall. The polyimide coating at the outer capillary wall
was removed at the MS end. The coating procedure is described
elsewhere.[5] Aqueous AcOH (2 M) was used as background electro-
lyte (BGE). New capillaries were conditioned with deionized water,
aqueous H3PO4 (10 mM), deionized water and BGE (each 5 min).
Further conditioning between measurement runs with deionized
water, H3PO4 (10 mM), deionized water (each 2 min) and BGE (2 M)
(3 min) ensured proper analyses. Samples were injected by applying
30 mbar for 10 s to the CE inlet. During analyses, the application of
an external voltage (3.2 kV) to the stainless steel emitter and a
sheath liquid flow (isopropanol (IPA)/deionized water 1 :1 with
0.05% formic acid (FA); flow rate 3 μL/min) ensured a stable
electrospray.

Mass spectrometer settings were adjusted to 140 °C for the ion
transfer capillary temperature and to 50 for the S-lens RF level. Full
Scan (m/z 122–750 and for the detection of side products m/z 50–
750) mass spectra were collected at a resolution of 70000. Data
dependent MS/MS analysis based on inclusion lists covering all
possible peptide combinations was conducted to determine the
dipeptide sequences. Peptide fragmentation was performed by
applying a normalized collision energy of 30%. The resolution of
the MS/MS spectra was set to 17500. Thermo Xcalibur software 4.1
was used to evaluate the mass spectra.

CE analysis. Prior to analysis samples were diluted to 10 mM
referring to the initial concentration of one amino acid. Dipeptide
quantification was performed on bare fused silica capillaries with a
total length of 80 cm and aqueous AcOH (2 M) as BGE using an
Agilent 7100 CE system equipped with a conductivity detector.
Sample injection was accomplished by applying 30 mbar for 10 s.
Peptides were separated in positive polarity mode at 25 °C by
applying 30 kV to the CE inlet. 4-hydroxyproline (4-HP) (100 μM)
was added as internal standard and calibration runs of a standard
mixture containing G2, (alanyl)glycine (AG)+ (glycyl)alanine (GA)
and (alanyl)alanine (A2) were performed in triplicates. New capil-
laries were flushed with deionized water, aqueous NaOH (0.1 M),
deionized water and BGE (each 5 min) prior to the first analysis.
Between analysis runs capillaries were conditioned with deionized
water, aqueous NaOH (0.1 M), deionized water (each 2 min) and
BGE (3 min). CEval 0.6 g and OriginPro 2018G were used to evaluate
the CE electropherograms.[24]
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Figure 2. Product spectrum of the complete amino acid mixture in SO2.
Dipeptides detected from the reaction of all 20 proteinogenic amino acids
(in total 400 mM, 1.00 eq) with iron powder, urea (each 1.00 eq) and AcOH
(0.10 eq) in SO2 after 7 d (dark green=confirmed by MS/MS, light green=

traces detected, white=not detected).
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