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It is widely accepted that specific inhibitors of the
HIV-1 aspartic protease might be interesting chemical
leads to develop effective therapeutic agents for the
treatment of AIDS!?,

In the course of a screening program to discover new

inhibitors of HIV-1 protease from microbial fermen-
tation broths®, we have isolated the novel molecules
GE20372 factors A (1) and B (2) shown in Fig. 1. These
microbial products are tetrapeptide derivatives struc-
turally related to the previously described microbial
alkaline protease inhibitors (MAPD)-a (3) and S (4)*~9.
Here we describe the isolation, structure elucidation
and inhibitory activity of GE20372 A and B.

The producing microorganism was isolated from a soil
sample collected in Binago (CO), Italy. Its aerial
mycelium showed branched hyphae with spirals of non
motile spores. LL-diaminopimelic acid”, and no diag-
nostic sugars® were found in its whole-cell hydrolysates.
The strain was thus classified as Streptomyces sp. (ATCC
55925).

The strain was grown in 500-ml Erlenmeyer flasks
containing 100 ml of a seed medium consisting of glucose
2%, yeast extract 0.2%, soybean meal 0.8%, NaCl 0.1%
and CaCO; 0.4%, pH 7.3. A 25 hours culture was
inoculated (5%) into a 9 liters jar fermenter containing

Fig. 1. Structures of « MAPI, § MAPI, GE20372 A and

GE20372 B.
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6 liters of the production medium. This medium
was obtained by supplementing L-tyrosine (100 ug/ml) to
the seed medium. The culture was incubated at 28 °C
for 24 hours under 900rpm stirring and 0.5vvm
aeration and was then inoculated into 200 liters of the
production medium. The culture was harvested after 24
hours of incubation at 28°C under 180rpm stirring
and 0.5 vvm aeration.

The production was monitored with the HIV-1
protease inhibition assay® and with the method of
2,4-dinitrophenylhydrazine derivatization and HPLC
analysis previously described®. The complex of (1) and
(2) was recovered from the broth and was purified
according to Scheme 1.

Factor B (2) was then purified by preparative HPLC on
a 250 x 10mm Supelcosil SP LC-8 column (Supelco,
Inc). The column was eluted at 5 ml/minute flow rate with
a 30 minute linear gradient from 20% to 45% of phase B.
Phase A and B were 40 mM ammonium formate buffer
pH 5.0-acetonitrile 98:2 (v/v) and 40mM ammonium
formate buffer pH 5.0- acetonitrile - tetrahydrofuran
4:3:3 (v/v), respectively. UV detection was at 230 nm.
Pure (2) was obtained after concentration of the cluates
and lyophilization. Under these conditions, (1) was eluted
as a broad peak and its purification was difficult. It was
thus derivatized to the NaHSO; adduct by evaporating

Scheme 1. Isolation of the GE20372 A and B complex.
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to dryness a mixture of 500 mg of the complex in 20 ml
of methanol and 10 ml of water saturated with NaHSO;.
The adduct gave a good chromatographic separation
in the above HPLC system eluted with a 30 minute linear
gradient from 20% :to 30% of phase B. (2) was
regenerated from the adduct during the work up after
chromatographic separation and eventually recovered by
lyophilization. ‘

(1) and (2) are isomers with a molecular weight of 611
Da, as determined by FAB-MS. Their 'H and *C NMR
assignments are reported in Tables 1 and 2, respectively.
The 'H NMR assignments were based on 2D-ROESY
and TOCSY experiments and the *3C NMR signals were
attributed from the inverse correlated spectra through
one-bond and multiple-bond connectivities'®. The
peptide sequence resulted from ROESY spectra (300 ms
mixing time) which showed interactions between Phe-NH
and Val-NH and between Val-NH and Arg-NH. The
aldehydic function of the phenylalaninal moiety was
demonstrated by a multiple bond correlation (2 or
3 bonds) between aldehydic carbonyl and Phe-Ha.

To determine the chiralities of the asymmetric centers
in (1) and (2), the complex was reduced with NaBH, and
the reduced factors were separated by preparative HPLC
on a 250 x 10 mm Supelcosil SP LC-8 column (Supelco,
Inc). The column was eluted at 5 ml/minute flow rate with
a 42 minutes linear gradient from 22% to 82% of phase B.
Phase A and B were 40mM ammonium acetate-
acetonitrile - tetrahydrofuran 98:1:1 (v/v) and 3:5:2

Table 1. 'H and '3C NMR spectral data of GE 20372
factor A.*

54 (ppm) Multiplicity Assignment Jc (ppm) Assignment

944 - 1Hs Aldehyde 156 Tyr-Ard

8.48 1Hd Phe-NH 1299  Tyr-Ary

7.80 1H d Val-NH 127.8  Phe-Ar
~128.8

743 IHt Arg-NHe 114.7 Tyr-Arf

7.25 SHm Phe-Ar 110 Tyr-Ara

~7.20

6.94 2H Tyr-Ar 59.3 Phe-Ca

6.64 2H d Tyr-Ar 56.9  Val-Ca

6.50 IH brs  Ureidic-NH 53.7  Tyr-Ca

6.26 IHbrs Tyr-NH 51.6  Arg-Ca

4.35 1H m Phe-Ha 402 Arg-Co

4.25 IHt Tyr-Ha 364  Tyr-CB

4.20 1H dd Arg-Ha 33.0 Phe-Cf

4.18 1Hm Val-Hua 30.1 Val-Cp

3.15 m Phe-Hp 29.8  Arg-Cp

3.08 m Arg-Ho +6' 248  Arg-Cy

2.80 m Phe-Hp’ 17.3  Val-Me

2.85 m Tyr-HpB

2.75 m Tyr-Hp'

1.92 1H m Val-Hp

1.55 4H m Arg-Hf+p’

~1.42 Arg-Hy+y'

0.80 6H m Val-Mey +7'

* 1H NMR spectra were recorded on a Bruker AM-500
at 30°C, about 1 mg dissolved in DMSO-d + vapours
of TFA. Chemical shifts are given in & (ppm) using as
reference standard DMSO residual peak set at 2.5 ppm
for 1H and set at 39.7 ppm for **C.
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(v/v), respectively. The reduced compounds were
hydrolyzed (6N HCI, 1% phenol, 105°C for three days)
and derivatized with 3.5N HCl in anhydrous methanol
(30 minutes at 100°C) and then with trifluoroacetic
anhydride (15 minutes at 100°C). GC-MS analyses on
an (Helifex Chirasil-Val column® by comparison with
authentic standards showed the presence of L-Tyr, L-Arg
and L-Val in both factors. L and D phenylalaninol were
found as the distinctive components of (1) and (2), re-
spectively. These results are consistent with the struc-
tural assignments reported in Fig. 1.

Compounds (1) and (2) are similar to the MAPI
isomers (3) and (4), but contain L-tyrosine in place of
L-phenylalanine. (1) and (2) are normally coproduced
with MAPI by Streptomyces sp. ATCC 55925. The
production of the GE20372 complex was significantly
increased by supplementing the fermentation medium
with an appropriate amount of tyrosine.

The inhibition of HIV-1 protease by the two GE20372
isomers (1) and (2) is shown in Table 3, together with

Table 2. 'H and *3C NMR spectral data of GE 20372
factor B.*

Oy (ppm) Multiplicity Assignment 6. (ppm) Assignment

9.48 IHs Aldehyde 156 Tyr-Ard
8.45 1Hd Phe-NH 129.9  Tyr-Ary
7.73 IHd Val-NH 128.9  Phe-Ar

' 128.3

126.0

7.42 1H t Arg-NHe 114.7 Tyr-Arf
7.29 SHm Phe-Ar 110 Tyr-Ara
~7.14
6.94 2H d Tyr-Ar 59.4 Phe-Cua
6.59 2Hd Tyr-Ar 57.1 Val-Ca
6.49 IH brs Ureidic-NH 53.9 Tyr-Ca
6.23 1H brs Tyr-NH 52.0 Arg-Co
4.37 IHm Phe-Ha 40.3 Arg-Co
427 IHt Tyr-Ha 364  Tyr-Cp
422 1H dd Arg-Ha 33.0  Phe-Cp
4.17 1H m Val-Ha 298  Arg-Cp
3.25 3Hm Phe-Hp + 29.8  Val-Cj
~3.00 Arg-Ho+ 6’
2.94 3Hm Phe-Hp' + 246  Arg-Cy
~2.68 Tyr-Hp + p’
1.84 IHm Val-Hp 17.5 Val-Me
1.68 4H m Arg-HB+ B’
~1.35 Arg-Hy +y’
0.68 6H m Val-Mey +9’

* 1H NMR spectra were recorded on a Bruker AM-500
at 30°C, about 1 mg dissolved in DMSO-d, + vapours
of TFA. Chemical shifts are given in ¢ (ppm) using as
reference standard DMSO residual peak set at 2.5 ppm
for 1H and set at 39.7 ppm for *3C.

Table 3. Inhibition of HIV-1 protease (pH 6.0).

Compound I1Cs, (uM)
a-MAPI 2
S-MAPI 32
GE20372 A 18
GE20372 B 58
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the activity of the MAPT isomers (« and ). All inhibitory
activities were determined as previously described.”
These data indicate that (1) and (2) are somewhat less
potent inhibitors of the viral enzyme when compared
with the corresponding isomers of MAPI, (3) and (4).
Evidently the incorporation of hydroxylic function into
the aromatic ring of the phenylalanine moiety of MAPI
has a slight negative effect on its inhibitory activity on
HIV-1 protease.
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