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Transfbrming growth factorTβ（TGF－β）first dis－

Coveredasatrophicfactortoseveralkindsofcellsl）is

nowwellknowntoactasagrowthinhibitortovarious

kinds of animalcells2）．In addition，TGF－βprotects

neuronalcells ftom damages caused by stress such as

L－glutamate toxicity andβ－amyloid toxicity which are

COnSidered to be associatedwithbrainischemialnJury

and AIzheimer，s disease，reSPeCtively3，4）・Thus，Sub－

StanCeSWhichmimicTGF－βactionareexpectedto be

usefulfbrtreatmentofdiseasessuchasischemialnJury．

FordetectingTGF－βlikeactivities，WeCOnStruCteda

SCreenlngSyStemutilizingreportergeneexpression．Mink

lung epithelial（MvILu）cells，Which express excess

TGF－βreceptorsandrespondtoTGF－βresultinginthe

expression ofplasminogen activatorinhibitor－1（PAI－

1）5），WeretranSfbctedwiththefireflylucifbrasereporter

geneatthedownstreamofthePAI－lpromotergene6）・

DurlngthecourseofourscreenlnguSlngthissystem，We

isolatedhistonedeacetylaseinhibitorssuchastrichosta－

tinA7）・Furtherinvestlgationhasresultedintheisolation

Fig. 1. Structure of diheteropeptin (1).
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OfanovelmetabolitewithTGF－βlikeactivity，dihetero－

PePtin（1，Fig．1）．Wereporthereintheftrmentation，
isolation and structuredetermination ofl．

ThediheteropeptlnPrOduclngOrganism，identifiedas

Dihetero甲OraSP．，WaSCultivatedinamediumcontainlng

glucose2．0％，maltose3．0％，COrn SteePliquorl・0％，

POlypeptonO．3％，SOybeanmea11．5％andNaClO・3％

（pH7．0）fbr5days at240C on a rotary shaker・The

activeprinciplewasextractedftombrothfiltrate（21iters）

WithEtOAc．ThesoIventlayerwasdriedoverNa2SO4，

andconcentrated to glVean Oilyresidue．Then，itwas

Purified successively by silica gel column chromatog－

raphy（CHC13－MeOH＝30：1）and Sephadex LH－20

COlumnchromatography（CHC13－MeOH＝1：1）．Apure

SamPle ofl wasfinally obtained by HPLC uslng a

PEGASILODScolumn（Senshu－Pak，20i．d．×250mm）

developedwith65％MeOH．

ThephysICO－Chemicalpropertiesoflaresummarized

inTablel．Themolecularfbrmula ofl was established

asC28H42N406byhigh－reSOlutionFAB－MSspectrum．

IR absorptlOnS at3300～3400，and1660，1670and

1680cm－1impliedthepresenceof－OH，－NHandamide

functions．Together with theIR absorptions，amide

Carbonsobservedinthe13cNMR（171．9，172．8，174．4

and175．6ppm）suggestedltobeapeptidederivative．

ThelHand13CNMRspectraldataareshowninTable

2．

AnalysisoftheDQF－COSYspectrumoflrevealeda

monosubstitutedbenzeneresidueandthesequenceftom

anamideprotonat7．50ppmtomethyleneprotons3′一H

（2・94，3．25ppm）through anα一methine proton2′－H

（5・15ppm）．AnamidecarbonylcarbonC－l′（172．8ppm）

WaSlong－rangeCOuPledto2′一Hand3′－H，Whichwerein

turnlong－range COuPled to C－4′（137．Oppm）and C－5′

Tablel．Physico－Chemicalpropertiesofdiheteropeptin（1）．

Appearance

MP

［α沼

Molecularfbrmula

HRFAB－MS（椚／Z）

Found

Calcd

UV檻nm（e）
IRvmax（KBr）cm－1

Whitepowder

74－760C

－30．30（cO．19，MeOH）

C28H42N406

531．3188（M＋H）＋

531．3183

203（10，900），233（sh，2，000）

3400，3300，1680，1670，

1660，1620，1520
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Table 2. ^ and 13C NMRchemical shifts of diheteropeptin (1) in CDCL

No. 5C

+Aib 1 175.6

2 58.8

3 23.6

4 26.5

NH

Phe 1'
2'

3'

4'

5', 9'

6', 8'

7'

172.8
53.4

35.8

137.0

129.0

128.6

126.7

NH

Pro 1" 171.9

2" 57.8

3" 24.7

4" 25.0

5" 47.0

+Add 1'"

2'"

3'"

4'»

5'"

6'"

7'"

10'"

NH

5.15 (dt,y=5.5, 10.0)

2.94 (dd,/=5.5, 13.5), 3.25 (dd,/=5.5, 13.5)

7.21 (d,/=7.0)
7.26 (t, /= 7.0)
7.19 (d,/=7.0)

7.50 (d, /= 10.0)

4.65 (dd, /= 2.0, 8.0)
1.76 (m), 2.32 (m)

2.16 (m)
3.21 (dt,/=7.5, 10.0), 3.85 (ddd,/=4.5, 8.0, 10.0)

4.18 (dt,/=7.5, 10.0)

1.63 (m), 1.82 (m)

1.29 (m), 1.39 (m)

1.38++ (m)

1.38 (m), 1.48" (m)

1.38 (m), 1.48 (m)

3.32 (m)

3.59 (dq, 7= 6.0, 6.5)
1.19 (d,/=3.0)

7.ll (d,/= 10.0)

*H and 13C NMRspectra were recorded at 600 MHzand 150 MHz, respectively.
+ Aib : a-aminoisobutyric acid, Add : 2-amino-8,9-dihydroxydecanoic acid

++ These two assignments are exchangeable.

(129.0ppm), respectively, in the HMBCspectrum of 1.
These results established a phenylalanyl moiety in Figure
2.

The proton spin system from 2"-H (4.65 ppm) to 5"-H
(3.21, 3.85ppm) through 3"-H (1.76, 2.32ppm) and 4"-H
(2.16ppm) was detected in the DQF-COSYspectrum,
and C-2" (57.8 ppm) and C-5" (47.0 ppm) were long-range
coupled to their appended protons 5"-H and 2"-H,

respectively. Moreover, 2"-H and 3"-H were long-range
coupled to an amide carbonyl carbon C-1" (171.9ppm).
These long-range couplings and the chemical shifts of

C-2" and C-5" proved the presence of a prolyl moiety
(Fig. 2). Two singlet methyl protons 3-H (1.76ppm) and
4-H (1.33ppm) were long-range coupled to C-2 (58.8

ppm) and an amide carbonyl carbon C-1 (175.6ppm).
In addition to these correlations, long-range couplings
from an amide proton at 5.99ppm to C-2, C-3 (23.6

ppm) and C-4 (26.5ppm), revealed the presence of an
a-aminoisobutyryl skeleton (Fig. 2).
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Fig. 2. ^H and ^-"C correlations revealed by DQF-
COSYand HMBCexperiments of diheteropeptin (1).
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The only residual amide function was revealed by
long-range couplings from 2 "-H (4.18 ppm) to an amide
carbon C-Y" (174.4ppm) and methylene carbons C-3"'
(28.8 ppm) and C-4'" (29.1 ppm); this sequence being also
supported by proton spin couplings from an amide
proton at 7.ll ppm to 4"'-H (1.29, 1.39ppm). The alkyl
side chain linked to C-4'" was determined as follows. In
the DQF-COSYspectrum of 1, a proton spin system
from methylene protons 7"'-H (1.38, 1.48ppm) to a
methyl proton 10"'-H (1.19 ppm) was recognized through
methine protons 8"'-H (3.32ppm) and 9"'-H (3.59 ppm)
which were concluded to be attached to oxygenated

carbons from the relevant 13C chemical shifts. Accord-
ingly, the remaining two methylenes were attributed
to C-5'" (25.2ppm) and C-6'" (25.2ppm). Thus, this

amino acid residue was elucidated to be 2-amino-8,9-
dihydroxydecanoic acid.

The connectivities amongthese amide functional units
were established by long-range couplings from the amide
protons to their neighbored carbonyl carbons, i.e., the

amide protons at 7.50ppm, 5.99ppm and 7.llppm to
C-l, C-Y" and C-l", respectively (Fig. 2). A long-range
coupling from 2"-H to C-1' revealed the relationship
between the prolyl and phenylalanyl residues. Thus, the
structure of 1 was determined to be a cyclic peptide (Fig.
2). 1 is structurally very similar to chlamydocin8) that

has the same tetrapeptidyl ring system with an epoxy
ketone group instead of the 3-methyl-l ,2-glycol function
in 1. The determination of the absolute stereochemistry
of 1 is nowunder way.
In the evaluation system we employed, the addition

of TGF-/? at the concentration of 40ng/ml to MvlLu
cells increased the expression of luciferase three times. 1
induced the PAI-1 promoter gene expression more than
three times at the concentrations from 0.98 jim to 1.0 niM.
In order to compare the biological activities of 1 and
chlamydocin that showed cytostatic activities, we

evaluated the effect of 1 on the cell growth by measuring
MTT reduction and LDH released 1 exhibited the

cytostatic effect to MvlLu cells with IC50 value of20.3 jjm
as determined by the MTTassay. No LDHrelease,
however, suggested that 1 showed only the cytostatic

activity to MvlLu cells. This biological activity pattern
similar to that ofTGF-/?. Detailed investigations on other
biological activities of 1 are now under way.
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