Fast Conventional Synthesis of Human Parathyroid Hormone 1-84 on the Symphony®
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Human parathyroid hormone (PTH) is a peptide containing 84 amino acids (Figure 1).
This long peptide was synthesized step-wise using conservative conventional conditions
in 144 hours (6 days). The reaction times were then reduced to deprotection times of
2 x 1 min and coupling times of 2 x 2.5 min, resulting in a total synthesis time of 28.3
hours. The effect of different resins and coupling reagents on the crude peptide purities
were compared. The main peak of the crude peptide sample was isolated by analyti-
cal RP-HPLC and the mass of the final product was confirmed using MALDI-TOF mass
spectrometry. All syntheses were performed on a Protein Technologies, Inc. Symphony®
peptide synthesizer.
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Figure 1: Sequence of human parathyroid hormone.

Human parathyroid hormone (1-84) (PTH) is produced by the parathyroid glands and
regulates calcium and phosphate metabolism. PTH acts on PTHR1 receptors to stimu-
late bone formation and is used as a treatment for osteoporosis [1]. NPS Pharmaceu-
ticals’ recombinant version of the peptide, PREOS™, has recently been granted orphan
drug status by the U.S. FDA for use in the treatment of hypoparathyroidism, a rare de-
ficiency of parathyroid hormone [2]. Previous attempts to synthesize the peptide used
Boc-chemistry [3]. To the best of our knowledge, PTH has not been synthesized using
Fmoc chemistry.

In this poster, we present the step-wise conventional Fmoc solid phase peptide synthe-
sis of human parathyroid hormone using different reaction times, resins and coupling
reagents.

Fmoc solid phase peptide synthesis: Peptides were synthesized on a Protein Technologies, Inc. Symphony®
peptide synthesizer at the 25 pmol scale using a 10 fold excess of Fmoc-amino acids (200 mM) relative to the
resin. Fmoc-GIn(Trt)-Wang resin (0.40 mmol/g), Rink Amide PEGA resin (0.33 mmol/g), NovaSyn TG Resin (0.24
mmol/g) and NovaPEG Rink Amide Resin LL (0.17 mmol/g) were purchased from Novabiochem. Rink Amide
MBHA resin (0.47 mmol/g) was purchased from Peptides International, and H-GIn(Trt)-Wang-ChemMatrix resin
(0.43 mmol/g) and H-GIn(Trt)-HMPB-ChemMatrix resin (0.52 mmol/g) were purchased from Matrix Innovation.
Dep! ion was using 20% piperidine/DMF. Coupling was performed using 1:1:2 amino acid/activa-
tor/NMM in DMF. Fmoc-amino acids, HCTU, 400 mM NMM in DMF and 20% piperidine were supplied by Protein
Technologies, Inc. Side protecting groups for amino acids were trityl (Trt) for histidine, asparagine, and glutamine,
(tBu) for aspartic acid, glutamic acid, tyrosine, serine and threonine, pentamethyldihydrobenzofuran-5-sulfonyl
(Pbf) for arginine, and tButyloxycarbonyl (tBoc) for lysine and tryptophan. Cleavage was carried out using 95/2/2/1
TFA/water/anisole/ EDT for 2 hours.

Analysis: Crude peptides were precipitated using ice-cold ether and dissolved in HPLC grade water. Peptides
were then analyzed on a Varian microsorb-MW 300 A, 5 um, C-18 column, 250 x 4.6 mm over 60 minutes using a
gradient of 5-95 % aqueous MeCN with 0.1 % TFA at 1 mL/min. Detection was at 214 nm. The peptide masses
were confirmed by MALDI-TOF mass spectrometry at the University of Arizona mass spectrometry facility.

Human parathyroid hormone 1-84 was initially synthesized using classical conventional
conditions. Deprotection was performed with 20% piperidine in DMF for 3 min and 17
min, and coupling was performed for 2 x 30 min with the activator PyBOP. Resins were
washed 6 x 30 seconds with DMF between deprotection and coupling steps, resulting in
a total synthesis time of 144 hours. RP-HPLC analysis produced a profile with a major
peak (Figure 2a). This peak was isolated and MALDI-TOF mass spectrometry indicated
the presence of the desired product (Calculated: 9424.86 m/z, Observed: 9426.97 m/z)
and other fragments (Figure 4).

We then resynthesized human PTH 1-84 using deprotection times of 2 x 1 min and cou-
pling times of 2 x 2.5 min (or 2 x 5 min for difficult amino acid couplings at positions 31-35,
56-58, and 73-78). Washing was reduced to 2 x 30 sec with DMF between deprotection

and coupling steps, resulting in a total synthesis time of 28.3 hours. To study the effects
of different resins on the synthesis, this 28.3 hour synthesis was performed on a panel of
acid (Figure 2b-d) and amide resins (Figure 2e-h) using the activator PYBOP or HCTU.

All of the acid resins were able to reproduce in 28.3 hours the profile produced during
the 144-hour synthesis, although the Wang ChemMatrix resin (Figure 2c) had a slightly
higher prepeak, and the HMPB ChemMatrix resin (Figure 2d) had a slightly higher post-
peak than the Wang polystyrene resin (Figures 2b). Among the amide resins, Rink Amide
MBHA resin (0.47 mmol/g) was the only one producing a similar profile (Figure 2e). Rink
Amide PEGA resin (0.33 mmol/g) produced a different elution time, and the NovaSyn TG
resin (0.24 mmol/g) and NovaPEG Rink Amide resin LL (0.17 mmol/g) produced lower
purity crude peptides (Figure 2f-h).

We chose the acid and amide resins from the 28.3 hour syntheses that produced the most
similar HPLC profile to the peptide synthesized in 144 hours and used them to perform
an activator study. Each resin was used to synthesize PTH 1-84 using HATU, HCTU or
PyBOP as the activator. The results are shown in Figure 3. For the acid resin, HCTU
produced a similar purity peptide to HATU, although HATU was slightly more pure. This
is similar to our previously published results on fast Fmoc solid phase peptide synthesis
with HCTU [4-6]. PyBOP produced the lowest purity crude peptide. For the amide resin,
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Figure 2: (a) HPLC of human PTH 1-84 synthesized in 144 hours using PyBOP on Fmoc-GIn(Trt)-Wang resin
(0.40 mmol/g). HPLC'’s of human PTH 1-84 synthesized in 28 hours using PyBOP on (b) Fmoc-Glin(Trt)-Wang
resin (0.40 mmol/g); (c) H-GIn(Trt)-Wang ChemMatrix resin (0.43 mmol/g); (d) H-GIn(Trt)-HMPB ChemMatrix resin
(0.52 mmol/g); and using HCTU on () Rink Amide MBHA resin (0.47 mmol/g); (f) Rink Amide PEGA resin (0.33
mmol/g); (g) NovaSyn TG resin (0.24 mmol/g); and (h) NovaPEG Rink Amide resin LL (0.17 mmol/g).
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Figure 3: HPLC's of human PTH 1-84 synthesized in 28.3 hours on Fmoc-GIn(Trt)-Wang resin (0.40 mmol/g) using
(a) HATU and (b) HCTU, and on Rink Amide MBHA resin (0.47 mmol/g) using (c) HATU and (d) PyBOP.
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Figure 4: (a) HPLC and (b) mass spectrum of isolated main peak from PTH 1-84 synthesis.

HATU again produced the highest purity crude peptide, and the profiles and purities pro-
duced by HCTU and PyBOP were very similar. In general, there were only minor differ-
ences between the three activators, and the results were quite similar.

+ PTH 1-84 was successfully synthesized by Fmoc SPPS both as an acid and an amide

+ The synthesis time of the peptide, PTH 1-84, was successfully reduced from 144 hours
to 28.3 hours

+ Resin selection can have a significant effect on crude peptide purity

+ HCTU, HATU, and PyBOP produced largely similar crude peptide purities on acid and
amide polystyrene resins
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