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LOW MOLECULAR WEIGHT PEPTIDES OF
BREAD DOUGH AND BREAD. DYNAMICS DURING
FERMENTATION AND BAKING*

J. A. PRIETO, C. COLLAR,
AND C. BENEDITO DE BARBER
Laboratorio de Cereales
Instituto de Agroquimica y Technologia de Alimentos (CSIC)
Jaime Roig, 11, 46010-Valencia, Spain

Summary

Dynamics in low molecular weight peptides (LMWP) during wheat
bread dough fermentation and baking have been investigated by
comparing the amino acid composition and the partial N-terminal amino
acid sequence of the LMWP fraction of purified acetic acid extracts
from unfermented, 2.5 hour-, and 24 hour-fermented straight doughs,
and bread. Nutritional requirements on LMWP of yeast and lactic acid
bacteria starting the fermentation are only evidenced when aspartic
acid and asparagine levels are reduced. Specific endo and
exoproteolytic activities releasing basic and hydrophobic nitrogen
chains along breadmaking process, as well as level of hydrophylic
residues in unfermented doughs affect browning and bread flavor.

x This paper is part of the doctoral thesis of J.A.Prieto
Offprint request to: C.Benedito de Barber
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Introduction

The importance of low molecular weight peptides (LMWP) in the
breadmaking process has been traditionally focused to their role as
nitrogen source for microorganisms [1,2]. It is also well known their
role in bread flavor as precursors in the formation of volatile
compounds during fermentation [3] and baking [4,5]. Nevertheless, the
direct contribution of LMWP to the flavor and taste of bread has not
been considered so far.

It has been recognized however that LMWP can exhibit properties
such as potential antioxidants, taste enhancers, sweeteners and bitter
principles [6]. This latest aspect has received especial attention
because the enzymatic hydrolysis of proteins from foodstuffs leads to
the formation of bitter flavor [7,8,9]. Many bitter peptides from foods
have also been detected and identified during fermentation and
ripening processes [10,11].

The bitterness of LMWP appears to be closely related to the
content and sequence of arginine, proline and hydrophoblc amino acids
[12,13]. By contrast, hydrophilic peptides, called “"unami” peptides,
especially with acidic character, exhibit bitter masking activity [14].

There are evidences that several wheat protein fractions could
generate bitter peptides. Thus, the exhaustive hydrolysis of gliadin
with proteases develops bitterness [15]. Grant and Wang [16] reported
that the autohydrolysis of wheat flour released Phe-rich LMWP. It has
also been observed the accumulation of hydrophobic amino acids, Pro-
Pro, Leu-Pro-Phe, in partial sequences of corn zein [17] and of wheat
gliadin [18). Wheat proteins are also rich in hydrophilic amino acids
[19] and therefore it is probably that "unami” peptides are present in
the flour composition.

During bread dough fermentation, LMWP can be assimilated for
growth [1], released from higher molecular weight peptides and
hydroiyzed by the enzymatic activity of endoproteases from both fiour
[20] and lactic acid bacteria [21]). During baking, peptides can also
participate in the Malllard browning reactions.

Umetsu and Ichishima [22] showed that a wheat carboxypeptidase,
a serine type enzyme, |s able to release selectively hydrophobic amino
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aclds from a casein bitter peptide fraction, resulting in a decrease of
bitterness. Wheat amino peptidases show also a high affinity upon
residues of Arg, Leu and Phe (23].

It is clear from literature references, that chemical and enzymatic
reactions will affect the LMWP composition of wheat flour and therefore
the contribution of these components to the sensory properties of
bread.

In the present paper the LMWP fraction of bread dough and its
changes during fermentation and baking have been studied. Data were
used to obtain information on microbiological and enzymatic activities
involved in the breadmaking process and to evaluate the role of LMWP
in the taste and flavor of bread.

Material and methods

Reagents. Amino acids, dansy! amino acids and dansyl chioride (Dansyl-
Cl) were purchased from Sigma (St.Louis,MO,U.S.A.). Dimethyl-
aminoazobenzeneisothiocyanate (DABITC), phenylisothiocyanate (PITC),
pyridine, triethylamine and trifluoroacetic acid (TFA), all sequencing
grade were obtained from Fluka AG {Buchs,Switzerland). Acetonitrile
(HPLC grade) and acetone (ultraviolet grade) were obtained from
Panreac (Barcelona,Spain). All organic solvents used for sequencing
were analytical grade from Merck (Darmstadt,F.R.G.). Buffers were
prepared from chemicals of reagent grade or better, and ultrapure
water delivered from a Milll Q system (Millipore,Bedford,MA,U.S.A.).
Standard mixtures of dansyl- and dimethylamino-azobenzene
thiohydantoin (DABTH-) amino acids were prepared as described
previously [24,25].

Apparatus. The HPLC system (Waters Ass.,Milford,MA,U.S.A.) consisted
of two 510 solvent delivery units, a 721 programmer and a U6K
universal liquid chromatography injector coupled to a 490 variable
wavelength ultraviolet detector. Data were simultaneously displayed and
stored by a Waters 730 printerplotter automation system for subsequent
integration. The column used was an ODS HS/3 (3um,83x4.6mm,i.d.) from
Perkin-Elmer (Norwalk,CT.U.S.A.), coupled to a precolumn (36x4.6mm,i.d.)
packed with pellicular Cy.
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Bread dough and bread preparation. Unfermented bread dough (UD)
was prepared by a straight dough system from a commercial wheat
bread flour as described previously [24]. UD was divided into 60 or
500g portions and fermented at 28°C and 80%rh for 2.5 (FDM) and 24hr
(FDy,). Bread was performed from 60g pieces of FD,; baking at 220°C
for 25min. Doughs were frozen, freeze-dried and then ground in a
mortar to a fine powder before extraction.

LMWP extraction and initial purification. LMWP were extracted from
doughs and bread freeze-dried samples (100g) with 0.01N acetic acid
[26]. Extracts were successively purified of proteins and uncharged
compounds by ultrafiltration on a 10.000 dalton cartridge and by
strong cation exchange chromatography on a Dowex 50W-X2 [24].
Molecular exciusion chromatography. Doughs and bread extracts
partially purified as described above, were freeze-dried, redissolved
in 1N acetic acid and loaded into a column (2.5x80cm) of sephadex G-25
fine type, equilibrated with the same solvent. Samples were eluted with
IN acetic acid and collected in 5ml fractions at a temperature of 4°C
and a flow rate of tml/min. Each fraction was analysed by the
conventional ninhydrin method [27] before and after acid hydrolysis,
and by the original cadmium-ninhydrin method [28). Fractions
containing LMWP (<1000 daltons) were pooled, evaporated to dryness
and redissolved in 5 (UD), 2.2 (FD,;), 2.7 (FD,,) and 1.5m| (B) of 50mM
NaZBp, buffer (pH 11.0). Volume of buffer used in each sample was
calcutlated according to its free amino acid content [24] (final
concentration <4mg/ml), as was suggested by Rothenbiihler et al.[29].
Ligand exchange chromatography. Aliquots of the samples purified by
molecular exclusion chromatography were applied into a Cu“-sephadex
G-25 column (1.5x11cm) prepared as reported [29]. LMWP and amino
acids were eluted according to Fazakerley and Best [30]. The eluate
was collected In 3ml fractions and analysed, after removing cu®t with
a Chelex-100 resin, as it was mentioned before for the detection of
nitrogenous material. Finally, the fractions containing LMWP were
pooled, purified of salts by passing throught a Dowex 50W-X2 column,
freeze-dried and redissolved In distilled water for amino acid
composition and sequence analysis.
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Amino acid composition. Amino acid analysis was carried out on peptide
hydrolysates by RP-HPLC of their dansyl derivatives [31]. The
dansylated extracts were redissolved in iml of 12mM HK,PO,, PH
7.0/acetonitrile (90:10,v/V) and filtered before the injection (20ul) into
the chromatograph system. The separation, detection and quantification
was performed as described [24].

Sequence analysis. LMWP (120-200nmol) of doughs and bread samples
were coupled with DABITC/PITC and the released residues converted
to DABTH-derivatives following the methodology of Chang [32]. Two
sequencing cicles were made. DABTH-amino acids were redissolved in
504l of aqueous ethano! (80%), and filtered. Volumes of 15 (UD), 6.6
(FDM), 8.4 (FDu) and 4.5ul (B) were injected in the HPLC system for
analysis. Chromatography was performed as reported by Prieto et
al.[25].

Results and Discussion

Chromatographic separation and quantification

Figure 1 shows RP-HPLC chromatograms of dansyl-amino acids released
by hydrolysis of the LMWP fraction from UD,FD, ;,FDy, and B. Separation
was similar to that reported earlier for free amino acids analysis
[24,33], although Dns-Arg which shows an especiall sensibility to any
modification of the chromatographic conditions was eluted after Dns-Pro
instead between the pair Dns-GABA/Dns-Pro. Nevertheless, this change
did not affect the resolution of other Dns-amino acid.

Eighteen amino aclds, including GABA, were detected in all
samples (Fig.1). This amino acid formed from glutamic acid in flour by
glutamate carboxylase activity [34] is coeluted along with LMWP in the
ligand exchange chromatography [30], because its character of y-amino.
Results indicated also larger amounts of byproducts, especially Dns-OH
and Dns-NH,, than those found for free amino acid samples [24],
because the higher molar ratio of Dns-Cl/Dns-AA. This finding Is In
agreement with our previous study of the derivatization conditions of
Dns-amino acids [33]. Desplite this, separations are still rather good to
permit the resolution and quantification of all amino acids tested.
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Figure 1.- RP-HPLC chromatograms of dansyl-amino acids released by
hyd-olysis of the LMWP fraction from UD (a), FD, ¢ (b), FDy, (c) and B
(d). Chromatography as is described under Material and methods.
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Reproducibility of the quantitative analysis of amino acids, was
estimated by succesive injections of the derivatized extracts. Results
(table I) revealed similar coefficients of variation to those for response
factor in a standard mixture of dansyl-amino acids [24).

Amino acid composition of the LMWP fraction from bread dough.
Biochemical changes during fermentation

Qualitative and quantitative amino acid composition of LMWP fraction
isolated from UD,FDM,FDZ4 and B is showed in the table I. Asx, Gix and
Gly predominated in the amino acid composition of peptides of doughs
and bread, accounting for 47% of the total amino acid content. Results
stress the close relation between dough nitrogen compounds. Thus,
Asp,Asn,Glu and Gin are the major free amino acids of UD [24].

During fermentation, the amino acld composition of LMWP fraction
from bread dough showed important changes (table I). At the beginning
of this period {0-2.5 hr) the majority of amino acids, except Asx (-20%)
underwent a significant increase. Variations for Arg (+100%) and Lys
(+78%) were remarkable, respect to those of other amino acids. Results
can be explained by the activity of endoproteases over protein
fractions of higher molecular weight. Peptide bonds next to Lys and
Arg appear to have a higher grade of susceptibility. This is in
agreement with earlier reported changes in the amino acid composition
of the dialyzed LMWP fraction from hemoglobin after digestion with
wheat flour proteases {[16].

On the other hand, the shift in the Asx content and the non
significant variation of Glx (table I), amino acid predominating in all
wheat protein fractions, appear to reveal the activity of exoproteases
since the beginning of fermentation. However, this behavior couid be
understood by the comsumptiom of Asx/GIx rich-small peptides by
yeast. In this respect, it should be pointed out that Asp and Asn along
with Trp showed the largest decreases from UD to FD, ; [24].

On the other hand, investigations on the transport and
metabolism of LMWP by S.cerevisiae, indicated a low affinity by the
uptake of acidic peptides [35). A slight lag phase (5 to 7hr) when
yeast are grown over peptides comparing to that on amino acids has
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Tabie I. Amino acid composition of the LMWP fraction of unfermented
bread (UD), 2.5—(FDZ 5) and 24-hour (FDZ‘) fermented bread dough and
wheat bread (B) samples.

Meah content?, ¥ cV

Amino

acid uD FDM FDu B

Asxd 2.61 0.38 2.08t 1.44 2.72% 0.36 1.33t 5.26
G1d 3.37 5.04 3.50 2.29 4.90t 5.92 2.84t 2.46
ser 0.93 1.07 0.97t 0.31 1.12t 0.89 0.591 1.69
Thr- 0.86 0.23 o.76t 1.32 0.76 1.32 0.44t 2,27
G1v 2.22 0.90 2.43t 1.23 3.18t 0.94 1.87t 0.53
Ala 1.04 0.96 0.99t 2,02 1.20t 0.78 0.62t 3.23
Pro 0.75 2.67 o.90t 1.11 1.111 o0.90 0.74t 1.35
Arg 0.41 2.44 o.82t 0.30 o.61t 0.27 0.46t 2.17
vai 0.63 3.17 0.67 1.49 o.88t 1.14 0.a42t 2.38
Me* t 0.16 6.25 0.22% 0.91 0.07t 2.85
Ile 0.52 7.69 0.61 9.84 0.64 1.56 0.42t 2.38
Leu 0.82 1.22 0.87 4.60 0.84 1.19 0.45% 4.44
Trp n.d.

Phe 0.71 1.41 0.84t 2.38 1.89% 1.06 0.81 0.25
Cys n.d.

Lys 0.28 10.7 o.s50t 4.00 0.17t 0.48 0.22% 0.36
His 0.24 8.33 0.28t 3.57 0.22%t 4.55 0.20t 5.00
Ty~ 0.34 5.88 0.38 7.89 0.23t 4.35 o.10t 4.00

a. mg/100g sample, d.b.

b. Asx= Asp + Asn, Glx= Glu + GlIn.
+ Indicates a statistically significant change between mean values
(P<0.06%) for fermentation (UB-F,, Fys~Fy) and baking (F, ;-B).

+ Trace.

n.d. non determined

baen also reported [36]. Besides, although LMW nitrogenous compounds
d> not show competence for the transport system, the regulatory
control for them should be governed by the amino acid levels in the
intracellular pool [35,37]. In this way, a rather high amount of free
amino acids was found in bread dough [24].

Between 2.5 and 24 hours of fermentation, the amino acid analysis
o* the LMWP fraction (table I) revealed a further enhance in every
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amino acid content, except for His (-21%),Arg (-26%), Tyr (-39%) and
Lys (-66%). The change was especially important for Phe (+125%)
indicating the existence of at least a second endoproteolytic activity in
bread dough. This appears to differ from the earlier discussion about
optime pH and especificity. The shift in the dough pH (5.5-4.5) along
the fermentation process, probably promotes the activity of
endoproteases with a higher specificity for peptidic bonds next to Phe.

The change in the Arg,Lys,His and Tyr content might be
associated to the absorption of LMWP by lactic acid bacteria, more
metabolically active at the end of fermentation. However, analysis of
free amino acid composition revealed a high concentration of Lys and
Arg in fermented bread dough (6 hours), which even increased at the
last period of fermentation [24]). Besides, although lactic acid bacteria
require Arg for growth, Lys is not essential [38]. A possible
explanation couild be if Lys and Arg belong to the LMWP which are
metabolyzed as source of other essential amino acids. These could be
Tyr and His [38], which amount as free amino acids is certainly low in
6-hour fermented dough ([24]). The uptake of these peptides will be
accompanied by their hydrolysis and the release into the medium of
the above amino acids which concentration in the intracellular pool is
excessive [39], in this case Lys and Arg.

Changes could be atributed however to the activity of
exoproteolytic enzymes. In fact, the increase from 0 to 2.5 hours in the
content of Lys and Arg, and in smaller proportion of His and Tyr
indicate that the number of peptide chains with these residues in
terminal position should increase during this period. In this way, it is
known that aminopeptidases [23] and carboxypeptidases [40,41] of wheat
kernel have the ability to release most amino acids residues from the
terminal of peptides and proteins. Therefore, the determination of the
partial sequence of peptides and especially their changes along
fermentation will permit us to obtain additional information to support
and to clarify the above discussion.

Chemical changes during baking
During baking the amino acid content of the LMWP fraction isolated
from FD, ¢ showed a strong decline (table I), indicating that peptides
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participated actively in the development of bread fiavor and taste
supstances, through the Maillard browning reaction. The shift differed
ho~ever among aminho acids, variyng from 18% for Pro to 74% for Tyr.
Thase differences could be interpreted in terms of browning reactivity.
Ho~ever, LMWP can undergo important changes due to the enhancement
of proteolytic activity as dough temperature increases. In this way, the
absence of a significant variation for Phe is remarkable, because the
result should be considered as a balance between peptide generation
and transformation by the Maillard reaction and the activity of

exoproteases.

Partial N-terminal amino sequence of the LMWP fraction of dough and
bread. Changes during fermentation and baking

Figure 2 shows the separation by RP-HPLC of DABTH-derivatives
released in the first cicle of sequenation of the LMWP fraction of
doigh and bread. Chromatograms revealed a good separation of DABTH-
amino acids, similar to that reported earlier for a standard mixture
[28]. AN protein amino acids, except His, are present in variable
proportion as first residue of the LMWP fraction isolated from dough
and bread. N-glycyl,N-seryl,N~aspartyl and N-glutamy! peptides
predominate however, in correspondance with the total amino acid
composition described above.

Results indicated also a dynamic change during fermentation in
the amino acid sequence of bread dough peptides. From 0 to 2.5 hours
of fermentation there was a shift in the yield of the majority of
DABTH-amino acids, altough those from non-polar amino acids, Tyr and
esnecially Pro increased (Fig.2).

The decrease in the relative proportion of DABTH~Asp,~Glu,-Asn
and -Gin is in good agreement with the variations observed during this
period in the total content of Asx and Gix (table I). This result
sugports the activity of aminopeptidases at the begining of
fermentation. It is clear also that the increase in the total amino acid
content during this period results of the activity of endoproteoiytic
enzymes. The total balance of these activities is therefore a peptide
fraction with a larger molecular size. The absence of variability of Arg
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Figure 2.- Separation of DABTH-amino acids released in the first cicle

of sequenation of LMWP from UD (a), FD, 5 (b), FDy, (c) and B
Chromatography was performed as described under Material
methods.

(d).
and
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and Lys as N-terminal residues appears to indicate aiso that this
endoprotease activity shows a specificity for the carbonyl side. Similar
resiults have been described for serine-type enzymes as trypsin.

At longer fermentation times (F2.5"F24)’ results revealed a higher
DABTH-derivatives yield for the majority of amino acids, except for Gin.
The variations have to be understood as discussed before as result of
the activity of endoproteases which showed a higher specificity for
peptide bonds next to Phe. This amino acid did not show however a
remarkable enhance as N-terminal residue indicating that peptide bonds
are cleaved by the carbonyl side of Phe, a chymotrypsin like activity.

On the other hand, the decrease in the DABTH-GIn content
indicates that the aminopeptidase activity is active along the
ferrentation process. Finally, the increase in the DABTH-Tyr content
supports that the changes in the total content of Tyr,Arg,Lys and His
(tatle 1) are due to the release of these residues by a
carboxypeptidase. In fact, an enzyme with these characteristics has
been isolated from wheat [40].

During baking (Fig.2b,d) the chromatograms indicated a similar
behavior of DABTH-derivatives to that showed during longer
ferrientation period (FM to F“). In fact, resuits clearly suggest an
increase in the total number of peptide chains, which should be
attributed to the activity of endoproteases. This result along with the
shift in the total amount of amino acids (table I) indicates a peptide
fraction with smaller chain length, definitely different to the changes
obszarved from UD to FD, ;. In this respect, it must be considered that
other chemical reactions taking place during baking can affect the
activity of enzymes. For instance, the increase of dough temperature
and the denaturalization of proteins under the action of heat.

Second cicle of sequenation of the LMWP fraction of dough.
Changes during fermentation and baking.

Analysis of the DABTH-residues released in the second cicle of
sequenation of the LMWP fraction of UD,FDM,FDN and B (Fig.3) revealed
a dapletion in the yield of derivatives respect to that found for the N-
terminal. Results indicate an important proportion of dipeptides in the
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Figure 3.- Separation of DABTH-amino acids released in the second cicle
of sequenation of LMWP from UD (a), FDy g (b), FDy, (c) and B (d).
Chromatography was performed as described under Material and
methods.
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fraction isolated from dough and bread . In fact, a sharp depletion in
the derivation reaction yield has been reported when sequenation
arrives to the C-terminus [42]. Conversely to this trend, chromatograms
(Fig.3) revealed an increase in the content of DABTH-Tyr and especially
of DABTH-Pro. This was remarkable for FDy, and B. Resuits observed
for Tyr and Pro indicate that these amino acids are frecuentiy present
as second residue from the N-terminus. This is in agreement with the
frecuence of sequences found among peptides released by hydrolysis
of wheat gliadins. Thus GIn-Pro accounts for 21% of total dipeptides
[1e].

The study of the changes, during fermentation and baking, of

the DABTH-derivatives released in the second cicle of sequenation gives
us more information on these sequences. Between 0 and 2.5 hours of

fermentation (Fig.3), chromatograms showed small changes for the
majority of derivatives, except for those of Gly and Pro. Pro underwent
an important increase, indicating that it is frecuently present as third
residue from the N-terminus. Otherwise, its yield would have been
reduced due to that a part of Pro being located at second position has
bean already sequenced. These peptides should respond to the
sequence X-X-Pro, because it is unlikely the accumulation of Pro (X-
Pro-Pro); only 6% of Pro is distributed as Pro-Pro in the sequences of
ped>tides released from wheat gliadin {18]. X represent mainily GiIn, in
the sequences of three amino acids obtained from gliadin and glutenin,
acoounting for 156 and 13% respectively [18]. However, as regard of the
dezrease in the DABTH-Gly yieid, this amino acid is likely piaced often
as second residue from the N-terminus in X-Gly-Pro type sequences.

From FD,; to FD, resuits indicated a sharp enhance in the
DABTH-derivatives content as could be expected from the increase
ea-lier described in the number of peptide chains during this period.
The larger variation was revealed again by DABTH-Pro, which was even
higher than registered at the first cicle. Therefore the variation can
not be explained by the simple activity of aminopeptidases, but should
be attributed to the release by action of endoproteases of peptides
acsumulating Pro in this position. As it was discussed earlier, the
activity of these enzymes showed a large specificity by Phe. In fact
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the presence of Phe next to Pro in sequences from wheat gliadin is
remarkable. For instance, Gin-Pro-Phe-Pro account for 7% of the
sequences of four amino acids [18].

During baking the changes in the DABTH-amino acids composition
were similar to those before described for the first cicle of sequenation
(Fig.2,3). The results stress the importance that the endoproteolytic
activity of bread dough can lead to the release of LMWP with
hydrophobic sequences and therefore of potential bitter taste.

Conclusions

The role of the LMWP fraction of bread dough as a source of nitrogen
for yeast and lactic acid bacteria appears to be insignificant. However,
they could have some interest when the initial content of free amino
acids is reduced and especiaily for those as Asp and Asn for which
S.cerevigiae shows an especiall requirement.

The contribution of LMWP to the taste and flavor of bread will
depend on, a) the content of peptides with an abundant composition of
basic and hydrophobic amino acids, distributed in potentially bitter
sequences released principally during fermentation and baking, b) the
proportion of hydrophylic peptides in unfermented bread dough and
c) the balance of endo and exoproteases activities, during fermentation
and baking which originate mainly the changes in the peptide fraction.
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Appendix A

Key to Abbreviations

DABITC
PITC
DABTH
DABTC
PTC
PTH
LMWP
L-Lys-L-Asp
oDsS
AcN
NaAc
aufs
cv

>

0NN mMo

>

OMEr"I<VODPrO

K
{
K,

unfermented bread dough
2.5-hour fermented bread dough
24-hour fermented bread dough
bread

dansy! chloride

dansyl amino acid

dansylic acid

dansylamide

amino acid

reversed-phase high-performance liquid
chromatography
dimethylaminoazobenzene isothiocyanate
pheny! isothiocyanate
dimethylaminoazobenzene thiohydantoin
dimethylaminoazobenzene thiocarbamoyi
phenylthiocarbamoy|
phenylthiohydantoin

low molecular weight peptides
L-Lysil-L-Aspartic
octadecylsilane

acetonitrile

sodium acetate

absorbance units full scale
coefficient of variation
DABTH-Asp (-Aspartic acid)
DABTH~GIu (-Glutamic acid)
DABTH-Asnh (~Asparragine)
DABTH-GIn (-Giutamine)
DABTH-Ser (-Serine)
dehydro-DABTH-Ser

DABTH-Thr (-Threonine)
dehydro-DABTH-Thr

DABTH-GIy (-Giycine)

DABTH-Ala (-Alanine)

DABTH-Arg (-Arginine)
DABTH-Pro (-Proline)

DABTH-val (-Valine)

DABTH-Met (-Metionine)
DABTH-Ile (-Isoleucine)
DABTH-Leu (-Leucine)
DABTH-Trp (-Tryptophan)
DABTH-Phe (-Phenylalanine)
DABTH-Cyst (-Cystine)
a-DABTH~e-DABTC-Lys (-Lysine)
a-PTH-e-DABTC-Lys
a-DABTH-e-PTC-Lys

DABTH-His (-Histidine)
DABTH-Tyr (-Tyrosine)



