
Subscriber access provided by ISTANBUL TEKNIK UNIV

Journal of Natural Products is published by the American
Chemical Society. 1155 Sixteenth Street N.W., Washington,
DC 20036

Microcolins A and B, New
Immunosuppressive Peptides from the
Blue-Green Alga Lyngbya majuscula

Frank E. Koehn, Ross E. Longley, and John K. Reed
J. Nat. Prod., 1992, 55 (5), 613-619• DOI:

10.1021/np50083a009 • Publication Date (Web): 01 July 2004

Downloaded from http://pubs.acs.org on April 4, 2009

More About This Article

The permalink http://dx.doi.org/10.1021/np50083a009 provides access to:

• Links to articles and content related to this article
• Copyright permission to reproduce figures and/or text from this article

http://dx.doi.org/10.1021/np50083a009


Journal of Natural Products 
Vol. 55,  No. 5 ,  pp. 613-619, May 1992 

613 

MICROCOLINS A AND B, NEW IMMUNOSUPPRESSIVE PEPTIDES 
FROM THE BLUE-GREEN ALGA L W G B Y A  MAJUSCULA 

FRANK E. KOEHN,* Ross E. LONGLEY, and JOHN K. REED 

Division of Biomedical Marine Racarrh, Ha& Branch Orcanographic Institution, Inc., 
5600 Old Dixie Highway, F t .  Pime, F l o d a  34946 

Assmun.-Microcolin A El] and microcolin B I21 are new immunosuppressive 
lipopeptides isolated from a Venezuelan sample of the blue-green alga Lyngbya majwcnh. The 
microcolins are potent inhibitors of the murine mixed lymphocyte response and murine P-388 
leukemia in vitro. Isolation and structure elucidation of 1 and 2 by nmr, mass spectral, and 
chemical methods are described. 

Marine organisms have emerged as an abundant source of novel peptide secondary 
metabolites (1). Several of these, such as the didemnins ( 2 4 ) ,  dolastatins ( 5 4 ,  and 
discodermins (9-1 l), have been shown to possess striking biological activity, for the 
most part in the antiviral, antitumor, cytotoxic, and antimicrobial areas. Our ongoing 
interest in the isolation of marine-derived immunomodulatory agents (12-14) led us to 
examine a specimen of Lyngbya majuscula Gamont (Oscillatoriaceae) {=Microcoleus 
lyngbyaceus (Kutzing) Crouan sensu Drouet), collected in Venezuelan waters. We report 
here the isolation and structure determination of two novel, potent immunosuppressive 
lipopeptides, microcolins A 113 and B 123. The microcolins are related in structure to 
majusculamide D and deoxymajusculamide D (15), the difference being substitution of 
an N-methylleucine residue in place of the N, 0-dimethyltyrosine in the corresponding 
majusculamide D compounds. 

RESULTS AND DISCUSSION 

O u r  work on L.  majuscula began as part of an ongoing program to isolate new 
biologically active marine natural products. A sample of L.  majuscula was collected by 
scuba near La Blanquilla, Venezuela at a depth of 12-27 m. A shipboard crude EtOH 
extract showed in vitro activity against murine P388 leukemia with an IC,, of0.4 kg/ 
ml and immunosuppressive activity with associated cytotoxicity in the mixed lympho- 
cyte response (MLR) and lymphocyte viability (LCV) assay. The sample was frozen for 
transport and later extracted with EtOH, followed by partitioning into CH,Cl,/ 
MeOK/H,O. Bioassay-guided purification of the P388 and MLR activities from the or- 
ganic soluble material by Si gel and reversed-phase hplc furnished microcolin A 11) 
(0.017% dry wt) and microcolin B {2) (0.013% dry wt). 

Microcolin A 11) was obtained from reversed-phase hplc as a clear glass. For refer- 
ence purposes, the atom numbering system in Figure 1 corresponds to that used previ- 

1 R=OH 
2 R=H 

FIGURE 1. Structures and Mass Spectral Fragmentations for 1 and 2. 
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'3c 

ously for majusculamide D (15). The 'H- and l3C-nmr data for 1, listed in Table 1, 
suggest a peptide structure. The 'H spectrum, however, contains only one signal (H- 
22, 6 6.95) attributable to an amide NH, as determined by D,O exchange and lack of a 
carbon correlation in an HMQC experiment, thus indicating a high degree of N-sub- 
stitution. Resonances for two N-methyl groups (H-19 6 3.06; H-34 6 2.93) and one 

'H,J(HZ) 

 TABLE^. ' 
Position 

1 . . . . . . . . . . . .  
2 . . . . . . . . . . . .  
3 . . . . . . . . . . . .  
4 . . . . . . . . . . . .  
6 . . . . . . . . . . . .  
i . . . . . . . . . . . .  
8 . . . . . . . . . . . .  
9 . . . . . . . . . . . .  

10 . . . . . . . . . . .  
11 . . . . . . . . . . .  

13 . . . . . . . . . . .  
14 . . . . . . . . . . .  
16 . . . . . . . . . . .  
17 . . . . . . . . . . .  
18 . . . . . . . . . . .  

20 . . . . . . . . . . .  
21 . . . . . . . . . . .  
22 . . . . . . . . . . .  
23 . . . . . . . . . . .  
24 . . . . . . . . . . .  
25 . . . . . . . . . . .  
26 . . . . . . . . . . .  
27 . . . . . . . . . . .  
28 . . . . . . . . . . .  
30 . . . . . . . . . . .  

19 . . . . . . . . . . .  

31 . . . . . . . . . . .  
32 . . . . . . . . . . .  
33 . . . . . . . . . . .  
34 . . . . . . . . . . .  
35 . . . . . . . . . . .  
36 . . . . . . . . . . .  
37 . . . . . . . . . . .  

38 . . . . . . . . . . .  
39 . . . . . . . . . . .  

40 . . . . . . . . . . .  
41 . . . . . . . . . . .  
42 . . . . . . . . . . .  
43 . . . . . . . . . . .  
44 . . . . . . . . . . .  

169.8s 
125.3d 
154.1 d 
58.1 d 
17.2q 

174.6s 
58.6d 
36.6 t 

71.8d 
56.9d 

168.9s 
59.2d 
27 . ld  
18.4q 
18.9q 
30.6 q 

169.8 s 
5 1.8 d 

68.4d 
17.4q 

169.7 s 
21.0q 

171.3s 
53.7 d 
3 5 . 8 ~  

- 

24.8d 
21.5q 
23.3q 
30.3 

177.9 
33.8d 
41.9 t 

30.8d 
37.1 t 

29.1 t 
22.9 
14.1 q 
18.2 q 
19.5 q 

- 
6.05 lH,  dd,]= 6.1, 1.7 
7.23 IH, dd,]= 6.1,2.0 
4.79 lH,qt,]=6.7,  1.7 
1.45 3H, d,]= 6.7 

5.62 lH,dd,]=7.7,2.2 
2.45 lH,ddd,]= 14.5, 10.2,4.9 
2.00 IH, rn 
4.34 lH,  brn 
3.88 lH,dt,]= 11.7, 1.6 
3.79 lH,  dd,]= 11.7,4.2 

4.98 lH,d,]= 11.1 
2.25 lH,  rn 
0.78 3H, d,]= 6.6 
0.95 3H, d,J= 6.6 
3.06 3H, s 

4.92 lH,  ddJ= 8.9,2.9 
6.99 lH,  d,]= 8.9 
5.21 lH,qd,]=6.7,3.3 
1.15 3H, d,]= 6.7 

1.98 3H, s 

5.25 lH,  dd,]= 10.0,5.8 
1.70 IH,ddd,J= 14.6, 10.0,4.6 
1.54 lH,ddd,]= 14.6,9.6,5.8 
1.42 lH,  m 
0.83 3H, d,] = 6.7 
0.91 3H, d, ]=6.7 
2.93 3H, s 

2.80 lH,  rn 
1.87 lH,ddd,]= 13.4,9.2,5.0 
1.09 lH,  rn 
1.27 IH, rn 
1.25 lH,  rn 
1.07 lH,  rn 
1.25 2H, brn 
1.23 2H, rn 
0.85 3H, t J =  6.6 
0.82 3H, d,]= 6.6 
1.13 3H, d , J=  6.6 

- 

- 

- 

- 

- 

- 

'Solvent CDCI,. 'H 500.13 MHz, chemical shiks in pprn downfield from inter- 
nal TMS. I3C 125.76 MHz, chemical shifts inpprn as referenced to CDCI, at 8 77.0. 
Multiplicities determined by DEPT given in parentheses (s = C, d = CH, t = CH,, 
q = Me). 'H-I3C connectivities assigned by HhiQC. 
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acetate methyl (H-26 6 1.98) are also prominent in the 'H-nmr spectrum. This was 
confirmed by acid hydrolysis and hplc analysis of the phenylthiocarbamyl derivatives, 
which showed threonine as the only standard free amino acid. Tlc analysis of the unde- 
rivatized hydrolyzate both by conventional Si gel and chiral ligand exchange (16) (see 
Experimental) indicated the presence of cis-4-hydroxy-~-proline, L-threonine, N- 
methyl-L-valine, and N-methyl-L-leucine. 

Correlations present in phase-sensitive COSY (17) and 2D HOHAHA (18) spectra, 
the latter run at mixing times of 55 msec and 72 msec, show cross peak connectivities 
for the H-a  and side chain proton spin systems of 4-hydroxyproline: H-8 (6 5.62), H-9 
(6 2.45, 2.00), H-10 (6 4.34), H - l l ( 6  3.88, 3.79); N-methylvaline: H-14 (6 4.98), 
H-16 (6 2.25), H-17 (6 0.78), H-18 (6 0.95); n-methylleucine: H-28 (6 5.25), H-30 
(6 1.70, 1.54), H-31 (6 1.42), H-32 (6 0.83), H-33 (6 0.91); and threonine: H-21(6 
4.92), H-22 (6 6.95), H-23 (6 5.21), H-24 (6 1.15). Also evident are two cis-coupled 
olefinic protons adjacent to a carbonyl: H-2 (6 6.05) and H-3 (6 7.23) ( / = 6 . 1  Ht), 
with H-3 coupled to a methine quartet of triplets (H-4 6 4.79) which in turn is coupled 
to the H-6 methyl (6 1.45, /=6.7 Hz), and to H-2 viaallylic coupling ( /=  1.7 Ht). 
Also present in the COSY and HOHAHA spectra are cross peaks which trace out the H- 
43-H-36-H-37-H-38-H-44 portion of the dimethyloctanoic acid moiety. Protons 
bound to C-40 and C-4 1 overlap to form a methylene envelope at 1.24 ppm and cannot 
be unambiguously assigned by homonuclear correlation methods. The H-42 methyl 
triplet signal is readily discerned at 6 0.88. 

The chemical shift of H-23 (6 5.24) argues for placement of the acetate on C-23, 
while correlations from H-19 (6 3.06) to Ha-34 and H-34 (2.93) to Ha-28 in a long 
range COSY (19) experiment facilitate assignment of the N-methyl groups to the N- 
methylvaline and N-methylleucine residues, respectively. 

The proton-decoupled 13C-nmr spectrum of 1 contains 39 lines (Table 1). Multi- 
plicities were assigned using a DEPT experiment (20), while I3C-lH connectivities 
were determined via an HMQC experiment (21). The carbonyl region contains six 
amide resonances, three of which partially overlap at 169.8-169.9 ppm when CDC1, is 
used as solvent. All six signals are readily dispersed in Me,CO-d6 (data not shown). We 
utilized HMBC (22) experiments (see Table 3 and Experimental) to provide two- and 
three-bond long range correlations to the amide carbonyls from flanking N-methyl, H- 
a ,  or N H  protons on each side, thus allowing the sequence of subunits to be deter- 
mined. These results are summarized as follows. Correlations from H-28, H-34, H-43, 
H-36, and H-37 to C-35 identify the N-methylleucine as the N-terminal amino acid 
that bears the dimethyloctanoic acid amide. Moving toward the carboxy terminus, the 
next residue must be 0-acetylthreonine, due to correlations from C-27 to H-28, H-2 1, 
and H-22, followed by N-methylvaline since C-20 shows correlations to H-2 1, H- 19, 
and H-14. Long range correlations from C-13 to H-14 establish C-13 as the adjacent 
carbonyl, and a nuclear Overhauser enhancement (3.1%) between H-14 and the C-11 
protons, observed in a one-dimensional difference experiment, place the 4-hydroxy- 
proline in the next position. Chemical shift assignment of C-7 is made on the basis of 
HMBC correlations to H-8 and H-9. The structure of the 5-methyl-3-pyrrolin-2-one 
system is established by HMBC correlations from H-2 and H-3 to C- 1, and by chemical 
shift arguments for C- 1 and C-4, when compared with values reported for 3-pyrrolin-2- 
one (23). The C-7 carbonyl remains as the only site for attachment of N-5 of the 5- 
methyl-3-pyrrolin-2-one unit, thus completing the overall connectivity. 

Due to the limited quantities of pure 1 and 2 isolated, we were unable to determine 
by chemical degradation the absolute stereochemistry at C-4. Our attempt at 
ozonolysis of a small sample (4 mg) of 1 and subsequent acid hydrolysis, following the 
procedure of Entzeroth and Moore ( 15), failed to produce sufficient quantities of alanine 
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TABLE 2. I3C and 'H Nmr 

Position l3c 

1 . . . . . . . . . . . .  169.8s 
2 . . . . . . . . . . . .  125.5d 
3 .  . . . . . . . . . . .  153.7d 
4 . . . . . . . . . . . .  58.0d 
6 . :  . . . . . . . . . .  17.2q 
7 .  . . . . . . . . . . .  172.0s 
8 . . . . . . . . . . . .  60.0d 
9 . . . . . . . . . . . .  28.9t 

10 . . . . . . . . . . .  24.6t 
11 . . . . . . . . . . .  48.0d 

13 . . . . . . . . . . .  168.3s 
14 . . . . . . . . . . .  59.3d 
16 . . . . . . . . . . .  27.3d 
17 . . . . . . . . . . .  18.4q 
18 . . . . . . . . . . .  18.9q 
19 . . . . . . . . . . .  30.5q 
20 . . . . . . . . . . .  169.7s 
21 . . . . . . . . . . .  52.0d 
22 . . . . . . . . . . .  - 
23 . . . . . . . . . . .  68.8d 
24 . . . . . . . . . . .  17.2q 
25 . . . . . . . . . . .  169.7s 
26 . . . . . . . . . . .  21.0q 
27 . . . . . . . . . . .  17 1.3 s 
28 . . . . . . . . . . .  53.8d 
30 . . . . . . . . . . .  36.0t 

31 . . . . . . . . . . .  24.9d 
32 . . . . . . . . . . .  21.5q 
33 . . . . . . . . . . .  23.3q 
34 . . . . . . . . . . .  30.4 
35 . . . . . . . . . . .  177.9 
36 . . . . . . . . . . .  33.8d 
37 . . . . . . . . . . .  41.9t 

38 . . . . . . . . . . .  30.8d 
39 . . . . . . . . . . .  37.1 t 

40 . . . . . . . . . . .  29.1 t 
41 . . . . . . . . . . .  22.9 
42 . . . . . . . . . . .  14.lq 
43 . . . . . . . . . . .  18.2q 
44 . . . . . . . . . . .  19.6q 

?Solvent CDCI,. 'H 500.13 MHz, chemical 
nalTMS. I3C 125.76MHz. 

Data for Microcolin B 121.' 

'H, J (HZ) 

- 
6.05 lH,dd,]=6.0, 1.6 
7.221H,dd,J=6.0,2.0 
4.761H,qt ,J=6.8,1.8 
1.46 3H, d, J = 6 . 8  

5.47 lH,dd,J=8.6,5.3 
2.43 lH,ddd,J= 12.9, 11.5,7.1 

2.002H, bm 
3.801H,ddd,J=16.5,10.2,6.5 

5.041H,dd,J= 11.1 
2.26 lH,  m 

0.943H,d,J=6.8 

4.97 lH,dd,J=8.8,3.4 

5.24 lH,qd,J=6.5,3.7 
1.16 3H, d, J=  6.3 

- 

1.86 lH,  m 

3.701H,ddd,J=16.5, 10.2,6.5 
- 

0.813H,d,J=6.6 

3.113H,s 
- 

6.95 lH,  d, J =  8.4 

- 
1.983H,s 

- 
5.26 lH,dd ,J=  10.4,5.7 
1.71 lH,ddd,J= 14.6, 10.0,4.6 
1.59 lH,ddd,J= 14.6,9.6,5.8 
1.41 1H.m 
0.873H,d,J=6.6 
0.943H,d,J=6.8 
2.95 3H, s 

2.84 lH,  m 
1.871H,m 
1.09 lH,  m 
1.27 lH,  m 
1.26 lH ,  m 
1.18 lH,  rn 
1.25 2H, bm 
1.25 2H, m 
0.883H,t ,J=6.8 
0.84 3H, d, J=6 .8  
1.123H,d,J=6.6 

- 

shifts in ppm dowdeld from inter- 
chemicalshiftsinppmasreferenced toCDC13at677.0. 

for unambiguous chirality determination. Comparison of I3C- and 'H-nmr chemical 
shifts with those of the corresponding majusculamide D compounds seems to suggest 
that the C-4 stereochemistry may also be S in the microcolins. 

Remaining ambiguities in the chemical shift assignment of the 2,4dimethyloc- 
tanoic acid amide moiety, caused by overlap of C-40 and C-41 proton signals in the 
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COSY and HOHAHA spectra. are resolved by HMBC correlations (Table 3) from H- 
42 to C 4 1  and C-40. H-44 to C.39. C.38. and C.37. and H-43 to C.37. C.36. and C- 
35 . 

The eims of 1 does not show a molecular ion. the highest mass observed being mlz 
650 . The highest measurable mass observed is 538.3843, forC29HSZ06N3 (A 0 m u ) .  
resulting from loss of the hydroxyproline-pyrrolinone unit (C- 13-N- 12 cleavage) . The 
major ions observed and the corresponding fragmentations for 1 are shown in Figure 1 . 

Microcolin B 121 was eluted after 1 on reversed-phase hplc and gave a clear glass on 
evaporation of solvent . The hreims shows a molecular ion d z  731.4817, indicating a 

13c Correlation 
Proton 

H-2 . . . . . . . . . .  
H-3 . . . . . . . . . .  
H-4 . . . . . . . . . .  
H-6 . . . . . . . . . .  

H-9 . . . . . . . . . .  
H- lob . . . . . . . . .  

H-14 . . . . . . . . . .  

H-8 . . . . . . . . . .  

H-11 . . . . . . . . . .  

H-16 . . . . . . . . . .  
H-17 . . . . . . . . . .  
H-18 . . . . . . . . . .  
H.19 . . . . . . . . . .  
H-21 . . . . . . . . . .  
H-22 . . . . . . . . . .  
H.23 . . . . . . . . . .  
H-24 . . . . . . . . . .  
H-26 . . . . . . . . . .  
H-28 . . . . . . . . . .  

H-30 . . . . . . . .  

H-3 lb . . . . . . . . .  
H-32 . . . . . . . . . .  
H-33 . . . . . . . . . .  
H-34 . . . . . . . . .  

H-37 . . . . . . . . .  
H-36 . . . . . . . . .  

H-38 . . . . . . . . .  
H-39 . . . . . . . . .  
H-40b . . . . . . . .  
H-41b . . . . . . . .  
H-42 . . . . . . . . .  
H-43 . . . . . . . . .  
H-44 . . . . . . . . .  

1 

c.1. c.3. c-4 
c.1. c.2. c-4 
C.2. C.3. C-6 
c.3. c-4 
7. C.9. C-10 
C.7. C-8 

c.9. c- 10 
c.13. C.16. C-17 
C.18. C.19. C-20 

- 

C.14. C.17. C-18 

C.14. C.16. C-17 
C.20. C- 14 

C.14. C.16. C-18 

C.20. C-27 
C-27 
C.20. C-25 
C.21. C-23 
C-25 
C.27. C.30. C-31 
c.34. c-35 
C.27. C.28. C-31 
C.32. C-33 

- 
C.30. C.31. C-33 
C.30. C-3 1. C-32 
C.35. C-28 
c-43. c-35 
C.36. C.38. C-39 
c-43. c-44 
c-40 
c-40. c-43 

- 
- 

C-4 1. C-40 
C.36. C.37. C-35 
C.37. C.38. C-39 

2 

c- 1. c-3 c-4 
c.1. c.2. c-4 
C.2. C.3. C-6 
c.3. c-4 
c.7. c.9. c-10 
c.7. c.10. c-11 
C.8. C.9. C- 11 
c.9. c-10 
C.13.C.16. C.17 
C.18. C.19. C-20 
C.17. C-18 
C.14. C.16. C-18 
C.14. C.16. C-17 
C.20. C- 14 
C.20. C-27 
C-27 
C.20. C-25 
C-2 1. C-23 
C-25 
C.27. C.30. C-31 
c.34. c-35 
C.27. C.28. C-31 
C.32. C-33 

- 
C.30. C.31. C-33 
C.30. C-3 1. C-33 
C.35. C-28 
c-43. c-35 
C.36. C.38. C-39 
c-43. c-44 
c-40 
c-40 

- 
- 

c-4 1. c-40 
C.36. C.37. C-35 
C.37. C.38. C-39 

'Spectra measured in CLXI, . Correlations shown are composite of results of two 
experiments run with delay values of 50 msec and 70 msec for evolution of double 
quantum coherence . 

bCorrelacions not observed or unassignable due to overlap of 'H signals . 
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molecular formula of C39H650sN5 (A 2 . 0  mmu). The ion at d z  634 (see Experimen- 
tal) and the match of lower mass fragments to those for 1, suggest the presence of pro- 
line in 2 in place of the hydroxyproline in 1. Acid hydrolysis, followed by hplc analysis 
of the free amino acid phenylthiocarbamate derivatives and tlc of the underivatized 
amino acids, showed that 2 contained threonine, proline, N-methylvaline, and N- 
methylleucine. 

The 13C-, 'H-, and HMBC n m r  data for 2, listed in Tables 2 and 3, match very 
closely those for 1 except for the expected chemical shift and multiplicity differences for 
the proline ring. All assignments for 2 were confirmed by DEPT, COSY, HOHAHA, 
HMQC, and HMBC experiments. 

The microcolins show potent immunosuppressive activity. Both microcolin A 111 
and microcolin B 121 suppress the two-way murine mixed lymphocyte reaction, with 
EC50 (effective concentration) and associated TCSo (toxic concentration) values of 1.5 
nM and 22.6  nM respectively for 1 and EC,, and TC50 values of 42.7 nM and 19 1.0 
nM, respectively, for 2. Results of detailed biological investigations will be reported 
elsewhere. 

EXPERIMENTAL 
GENERAL EXPERIMENTAL METHODS.-Nmr spectra were measured at 30" on either a Bruker 

AMX-500 at 500.13 MHz for 'Hand 125.76 MHz for I3C, or a Bruker AM-360 at 360.13 MHz for 'H 
and 90.56 MHz for ',C. Chemical shifts for 'H are reported as ppm downfield from internal TMS. I3C 
shifts are referenced to solvent signal at 77.0 ppm for CDCI,. COSY and 2D HOHAHA spectra were mea- 
sured and processed in phase-sensitive mode using time proportional phase incrementation (tppi). Mixing 
times for HOHAHA spectra were 55 msec and 72 msec. Phase sensitive (tppi) HMQC spectra were mea- 
sured using a preceding bilinear (bird) pulse (2 l). Separate experiments were run with and without garp l 
I3C decoupling (24) during acquisition. HMBC spectra were measured using mixing times of 50 msec and 
70 msec for evolution of double quantum coherence. All 2D and nOe difference spectra were run non-spin- 
ning. Amino acid standards were purchased from Sigma or Bachem. Chiralplates (Macherey-Nagel) were 
purchased from Alltech Associates. 

COLLECTION OF ORGANISM AND ISOLATION OF 1 AND 2.-The sample of L. muju.rcda (Harbor 
Branch Oceanographic Institution, Division of Biomedical Marine Research sample #3-VI-88-4- 10 1) 
(25) was collected by scuba at 12-27 m on a fore reef slope, Pta. B o b ,  La Blanquilla, Venezuela in June 
1988. A taxonomic voucher specimen is on deposit at the Harbor Branch Oceanographic Museum Her- 
barium, Ft. Pierce, Florida, accession number 6205. T h e  sample (297 g wet wt) was immediately frozen 
and later lyophilized. A portion of the dry organism (60.9 g) was homogenized in 100% EtOH, allowed to 
stand for 30 min, and filtered, and the remaining solids were reextracted. The two filtrates were combined 
and evaporated under reduced pressure to give 3.5 g of crude material. Partitioning of the crude extract be- 
tween CH,CI, and MeOH-H,O (3:2) gave 620 mg and 2.7 g of nonpolar and polar fractions, respectively, 
with the bioactivity concentrated in the CH,CI, layer. The nonpolar material was fractionated by vlc on a 
column of 30 g Si gel by elution with a stepwise gradient of EtOAc/hexane (10% steps from 100% hexane 
to 100% EtOAc). Fractions showing bioactivity were chromatographed on a column of 5 g CIS Si gel 
(Amicon) in 75% MeCNIH,O to remove residual pigments and were subsequently purified by reversed- 
phase hplc (CIS Vydac, lop., 70-75% MeCN/H,O) to give 10.6 mg of microcolin A 11) and 6.3 mg 
microcolin B [ Z ] .  

Mirrocofin A [l).<lear glass: [ a ) " ~  - 145.3" (c=0.0026, EtOH); uv A max (EtOH) 205 nm (E 

31300), 233 nm (sh); ir (KBr) 3200-3700 (br), 2935, 2360, 1740, 1640, 1240 cm-'; hreims (70 eV) 
538.3843, calcd for C29H5206N3 [M-C,,HI3O3N,~+, 0.0 mmu error; lreims (70 eV) m/z (rel. int.) 
650(0.8), 538(7.1), 478(9.2),425(14.7), 282(46.7), 254(29.9), lOO(100); 'Hand '3CnmrseeTable 1. 

Mirrorofin B [Z] .Zlear  glass: [ a ] " ~  - 174" (c= 0.005, EtOH); uv A max (EtOH) 205 nm (E 
34000), 234 (sh); ir (KBr) 2935, 2335, 1740, 1639, 1240 cm-'; hteims (70 eV) 731.4817, calcd for 
C39H650sN,, [MI+, 2.4 rnmu error; lreims (70 eV) m/z (rel. inr.) 731 (1.8), 671 (1. l), 634 (2.2), 538 
(12.1), 510(2.2), 478 (21.4), 425 (39.7), 282 (69.2). lOO(100); 'Hand '3CnmrseeTable 2. 

DETERMINATION OF AMINO ACID slEREoCHEMIsTRY.-~icroco~in A [I] (0.5 mg) was hydro- 
lized in 6 N HCI ( loo", 24 h), and the hydrolyzate was diluted with H,O (1.0 ml) and lyophilized. Analy- 
sis by tlc against authentic standards [Si gel, n-BuOH-HOAc-H,O (4: 1: l), ninhydrin) showed the pres- 
ence of N-methylvaline, cis-4-hydroxyproline, N-methylleucine, and threonine. The hydrolyzate was 
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separated by hplc (C,8 Vydac, 0.1% TFA/H,O). Chiral tlc analysis [Chiralplates, Macherey-Nagel, 
Me,CO-MeOH-H,O (5:l:l) or MeCN-MeOH-H,O (4:l:l)l against authentic D and L standards 
(Bachem) showed all amino acids to have the L configuration. 

ACKNOWLEDGMENTS 

We gratefully acknowledge Steve Blair and J.E. Armstrong of Harbor Branch Oceanographic In- 
stitution for taxonomic identification of the organism, Dan Pentek of the Yale University Chemical In- 
strumentation Center for measurement of the mass spectra, and the University of Illinois Biotechnology 
Center for amino acid composition analysis. Funds for the purchase of the 500 MHz spectrometer system 
were generously provided by the Robert Wood Johnson Jr. Charitable Trust and the Atlantic Foundation. 
This is Harbor Branch Oceanographic Institution Contribution No. 895. 

1. 

2 .  

3 .  

4. 
5 .  

6. 

7. 

8. 

9. 
10. 
11 .  
12. 
13. 
14. 

15 .  
16. 
17. 
18. 
19. 
20. 
21. 
22.  
23.  

24. 

25.  

LITERATURE CITED 

C.M. Ireland, T.F. Molinski, D.M. Roll, T.F. Zabriske, T.C. McKee, J.C. Swersey, and M.P. 
Foster, in: “Bioorganic Marine Chemistry.” Ed. by P.J. Scheuer, Springer-Verlag, Berlin, 1989, 

K.L. Lnehart Jr., J.B. Gloer, J.C. Cook Jr., S.A. Mizsak, and T.A. Scahill,]. Am. C h .  Sor., 
103, 1857 (1981). 
K.L. Rinehart Jr., V. Kishore, S. Nagarajan, R.J. Lake, J.B. Gloer, F.A. Bozich, K. Li, R.E. 
Maleczka Jr., W.L. Todsen, M.H. Munro, D. W. Sullins, and R. Sakai,]. Am. C h .  SOC., 109, 
6846 (1987). 
D.W. Montgomery and C.F. Zukowski, Transplantation, 40, 49 (1985). 
G.R. Pettit, S.B. Singh, F. Hogan, P. Lloyd-Williams, D.L. Herald, D.D. Burkett, and P.J. 
Clewlow,]. Am. C h .  Sor., 11, 5463 (1989). 
G.R. Petrit, Y. Kamano, H. Kim, C. Dufresne, C.L. Herald, R.J. Bontems, J.M. Schmidt, F.E. 
Boettner, and R.A. Nieman, Hetemycies, 28, 553  (1989). 
G.R. Pettit, Y. Kamano, C.L. Herald, C. Dufresne, R.L. Cerny, C.L. Herald, J.M. Schmidt, and 
H.  K i m , ] .  Am. C h .  Sor., 111, 5015 (1989). 
G.R. Pettit, Y. Karnano, C. Dufresne, R.L. Cerny, C.L. Herald, and J.M. Schmidt,]. Org. C h . ,  
54, 6005 (1989). 
S. Matsunaga, N. Fusetani, and S. Konosu,]. Nat. Prod., 48, 236 (1985). 
S. Matsunaga, N.  Fusetani, and S. Konosu, TetrabedmnLott., 25, 5165 (1984). 
S. Matsunaga, N.  Fusetani, and S. Konosu, Tetrabedm h t . ,  26, 855 (1985). 
S. Gunasekera, M. Gunasekera, R. Longley, and G. Schulte,]. Org. C h . ,  55,4912 (1990). 
S.P. Gunasekera, S.M. Cranik, and R.E. Longley,]. Nat.  Prod., 52, 757 (1989). 
R. Longley, D. Caddigan, D. Harmony, M. Gunasekera, and S. Gunasekera, Transplantation, 52, 
650(1991). 
M. Entzeroth and R.E. Moore, Plytorhis try ,  27, 3101 (1988). 
K. Giinther,]. Chtomatogr., 448, 11  (1988). 
D. Marion and K. Wiithrich, Biochem. B i ~ p l y ~ .  Res. Commun., 113, 967 (1983). 
A. Bax and D.G. Davis,]. Magn. Reson., 65, 355 (1985). 
A. Bax and R. Freeman, J .  Map. Reson., 44, 542 (1981). 
M.R. Bendall, D.T. Pegg, D.M. Doddrell, and D.H. Williams,]. Org. C h . ,  47, 302 1 (1982). 
A. Bax and S. Subramanian,]. Magn. Reson., 67, 565 (1986). 
A. Bax and M.F. Summers,]. Am. C h .  Sor., 108, 2093 (1986). 
H.O. Kalinowski, S. Berger, and S. Braun, “Carbon-13 NMR Spectroscopy,” John Wiley & Sons, 
New York, 1988, p. 372. 
A.J. Shaka and J. Keeler, in: “Progress in Nuclear Magnetic Resonance.” Ed. by A. W.  Elmsley, J. 
Feeney and L.H. Sutcliffe, Pergamon Press, Oxford, 1987, p. 47. 
H.J. Humm and S.R. Wick, “Introduction and Guide to the Marine Blue-Green Algae.” John 
Wiley and Sons, New York, 1980, p. 194. 

Vol. 3 ,  p. 47. 

Receiwd 16 AuguJt 1991 


