
Experientia 37 (1981), Birkh~iuser Vedag, Basel (Schweiz) 

1 The authors wish to thank the National Science Foundation 
(NSF CHE 79-10133) and the National Institute of Child 
Health (HD 09026) for generous support of this work. 

2 R. Brodersen and P. Bartels, Eur. J. Biochem. 10, 468 (1969). 
3 J. Jacobsen, FEBS Lett. 5, 112 0969), 
4 J. Jacobse n and R.P. Wennberg, Clin. Chem. 20, 783 (1974). 
5 J.D. Ostrow, I. clin. Invest. 50, 707 (1971). 
6 R. Schmid and L~ Hammaker, J. clin. Lab. Invest. 42, 1720 

(1963). 
7 J, O. Grunewald, R. CuUen, J. Bredfeldt and E.R. Strope, Org, 

Prep. Proc. int. 7, 103 (!975). 
8 An authentic sample of 1 was obtained from Dr Z.J. Petryka, 

Northwestern Hospital, Minneapolis, MN, USA. 
9 D.A. Lightner and G.B. Quistadi Nature New Biol, 236, 203 

(1972). 
l0 H. Fischer arid M. Schubert, Chem. Ber. 57, 614 (i924). 
11 G.L. Collier, A.H. Jackson and G.W. Kenner, J. chem. Soc. C 

1967, 66. 
12 D.A. Lightner and Y.-T. Park, Tetrahedron 35, 463 (1979). 

1247 

13 D.A. Lightner, in: Phototherapy in the Newborn: An Over- 
view, p.35. Ed. G.B. Odell, R. Schaffer and A.P. Simopoulos. 
US Natl. Acad. ScL, Washington DC 1974. 

14 J.O. Grunewald, J.C. Walker and E.R. Strope, Photochem. 
Photobiol. 24, 29 (1976). 

15 D.A. Lightner and C. S. Pak, Experientia 32, 1107 (1976). 
16 D.A. Lightner and Y.-T. Park, Tetrahedron Lett. 1976, 2209. 
17 D.A. Lightner, G.L. Landen and S.L. Rodgers, 7th A. Meet- 

ing of the Am. Soc. Photobiol., Asilomer, CA, 1979, abstracts, 
p.59. 

18 D.A. Lightner and Y.-T. Park, Experientia 34, 555 (1978). 
19 C.S. Foote, A.A. Dzakpasu and J. W.-P. Lin, Tetrahedron 

Lett. 1975, 1247. 
20 I. Fridovich, in: Free Radicals in Biology; vol. 1, chapter 6. Ed. 

W.A. Pryor. Academic Press, New York 1976. 
21 I. Yamazaki, H. Yamazaki, M. Tamura, T. Ohnishi, S. Naka- 

mura and T. Iyangi, in: Oxidation of Organic Compounds-II, 
p.290. Advances in Chemistry Series 77, American Chemical 
Society, 1968. 

Spermatozoid-attracting substance in hermaphrodite brown algae,  Peivetia wrightii and  Fucus evanescens 

T. Kajiwara L2, K. Kodama and A. Hatanaka 

Department of  Agricultural Chemistry, Faculty of  Agriculture, Yamaguchi University, Yamaguchi 753 (Japan), and Research 
Laboratory, Kaken Drug Co. Ltd, Tokyo 181 (Japan), 10 February 1981 

Summary. A spermatozoid,attracting substance of  the hermaphrodite brown algae, Pelvetia wrightii and Fucus evanescens, 
was identified as 1, trans-3, cis-5-octatriene, respectively, by ~H-NMR and ~3C-NMR data and biological activities. 

MDller and Jaenicke 3'4, in t973, isolated the volatile attrac- 
tant of spermatozoids; 1, trans-3, cis-5-octatriene (fucoser- 
ratene, 1) from the eggs and oogonia of a dioecious brown 
alga, F serratUs. However, spermatOzoid-attracting sub- 
stances of hermaphrodite brown algae have not been 
explored so far. 
Receptacles of  the hermaphrodite brown algae, P. wrightii 
and F. evanescens were collected in the tidal flat along the 
Charatsunai coast of  Muroran,  Hokkaido, in October and 
June respectively. The mature receptacles were detached 
from the plants, wiped with gauze and rinsed in filtered sea 
water to remove diatoms and microorganismr The 
cleaned receptacles were kept at 18 ~ in a growth chamber 
i l luminated with white fluorescent lamps at about 2500 lx 
for 8 h and then transferred to Yamaguchi University, in a 
container at 5 ~ with dry ice. The receptacles (22.4 kg), 
treated in the cold, were soaked in MeOH saturated with 
pentane for 3 days and the pentane-soluble portion was 
chromatographed on an a lumina gel and florisil gel with 
pentane. Early fractions were further separated by AgNO3- 
silica gel co lumn chromatography (pentane and increasing 
amounts of diethyl ether) followed by preparative GC 
(Varian Model 920 gas chromatograph; 5% PEG 20M 
1 m x 5 ram, column temp. 70 ~ flow rate 35 ml /min )  to 
give a spermatozoid-attracting substance (6.3 mg). The 
structure of  the attractant was fully substantiated by com- 
parison of UV "'L .. . . . .  252, 261 and 272 nm), MS [m/z 108 ~Amax 
(39%, M+);  m /z  79 (100%, M-29)] 3,4, 1H-NMR and 13C- 
N M R  data (table 1) 3,6 with those of authentic 1 which was 
prepared by a Wittig reaction between 1, trans-3-pentadie- 
nal  and propyltriphenyl phosphonium bromide in THF  in 
solid-liquid 2 phase using 18-crown ether - t -BuOK 7. The 
natural  1 from P. wrightii was shown to contain a small 
amount  (~5%)  of 1, trans-3, trans-5-octatriene 7-9 (2) by 
13C-NMR6 (table 1). From a hermaphrodite alga, F. evanes- 
cens, the male-gamete attractant, ! (4 x 10-5% based on the 
weight of fresh receptacles), was separated according to the 
procedure described above. The separated attractant was 

found to be contaminated with a trace of 2-methyl-l ,  3, 5- 
heptatriene (3) (tentatively identified) by gas chromatogra- 
phy (Shimadzu GC-6A, flame ionization detector, 15% 
TCEP Chromosorb WAW, 6 m •  3 mm, column temp. 
70 ~ N2 flow rate 80 ml /min )  and mass spectral analysis; 
1 [15.5 min. 98% (based on peak area)[ and 3 (18.2 rain. 
2%); m / z  108 (40%, M+), 93 (base peak, M§ 77 (51%), 
65 (11%), 39 (17%), 27 (11%). 
This procedure, including fluorescent i l luminat ion and cold 
treatment is an effective method of attractant extraction. 
We have demonstrated that synthetic 1 attracts spermato- 
zoids of F. evanescens 7-1~ When we compared directly the 
biological activities of I and 3 for the males of F. evanescens 
and P. wrightii according to the method of Miiller 11'12, the 
preference o f  the males for 1 was quite unambigurous 
(table 2). The spermatozoid-attracting activity of 2 for 

Table 1. 13C-NMR and 1H-NMR data of fucoserratene from 
P. wrightii 

Carbon 13C-NMR* 1H-NMR* 
No. ,~ (ppm) ~ (ppm), Multiplicity, J (Hz) 

1 116.8 A 5.08 dd JIA,2 = 10, J1A,B ~ 1.5 
B 5.19 dd J1B,2 = 17, J1A,B = 1.5 

2 137.2 6.15 m 
3 135.0"* 5.72 m 
4 132.9"* 6.44 m 
5 127.7"* 5.98 t J4,5 = J5,6 = l0 
6 128.5 5.42 dt J5,6= 10, J6,7~ 6 
7 21.2 2.21 quirt. J6,7 = J7,8 = 6 

25.9*** 
8 14.2 1.01 t J7,8=6 

* 13C-NMR and 1H-NMR spectra in CDC13 were recorded on a 
JEOL EX-60 and FX-100 NMR-spectrometer. TMS served as an 
internal reference (6= 0). ** Assignments for values marked may 
be interchanged. *** The 13C-NMR chemical shift of C-7 in 2 
characteristically appears downfield compared with C-7 in 16. 
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Table 2. The response of spermatozoid-attractants and related compounds 

Experientia 37 (1981), Birkhauser Verlag, Basel (Schweiz) 

Attractant Activity ~ 
P. wrightii F. evanescens 

natural fucoserratene (1) 
synthetic fucoserratene (1) 

synthetic 1, trans-3, trans-5- octatriene ** (2) 

synthetic 2-methyl-l,3,5-heptatriene*** (3) 

§  + + +  
+ + +  + + +  

+ + +  + + +  

_+ + 

* The assay for spermatozoid-attracting activity was carried out at a concentration of 10 -2 and 10-3M according to MOller's method 11,12; 
+ + +,  very active; _+, slightly active or inactive. ** Over 95% purity. **~ A mixture of geometrical isomers 9. 

P. wrightii and F evanescens was only slightly less than that 
of  1. MGller et a l )  3 have demonstrated that fucoserratene 
(1) attracts the male gametes o f  dioecious brown algae, 
F.serratus and F. vesiculosus. Recently, we have reported 
that the male-attracting substance of  a dioecious brown 
alga Sargassum horneri consists of  1 (15%), 2 (10%), 1, cis-3, 
trans-5-octatriene (65%) and cis-2, cis-4, trans-6-octatriene 
(10%) which have been shown to attract the male strong- 
ly 7,9. Experiments to clarify the roles o f  2 and 3 in the 
seriated sex behavior  of  hermaphrodi te  brown algae, par- 
ticularly an examinat ion of  the synergistic and inhibitory 
effects and of  the specificity of  sexual chemotaxis, are still 
in progress. 
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Effects of  hypochlorite on thiamine and its derivatives 
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Summary. Thiamine  and its phosphorylated derivatives reacted with hypochlorite with reaction rates following the order: 
thiamine > thiamine monophosphate  > thiamine diphosphate from pH 4.0 to 6.5. At least one unknown transient interme- 
diate was formed and at least one non-thiochrome product was fluorescent. Chemiluminescence was also observed. 

Recently Yagi and Itokawa 2 made an important  report that 
chlorinated tap water and hypochlorite solution destroyed 
thiamine. In the reaction the hypochlorite ion was consid- 
ered to be the species that cleaved thiamine mainly into its 
4-amino-2-methyl-5-hydroxymethylpyrimidine (I) and 
5-hydroxyethyl-4-methylthiazole (II) moieties. Only the 
reaction with thiamine was reported and there was no 
indication o f  any reaction intermediates or  other products. 
Here we wish to report our comparat ive studies on the 
hypochlorite destruction of  thiamine (Th) and its 2 com- 
monly-found biological phosphorylated derivatives thia- 
mine monophosphate  (ThMP) and thiamine diphosphate 
(ThDP). In addition, evidence is presented to show that at 
least one transient intermediate and product other than I 
and II above occurred in the hypochlorite reaction with 

thiamine. Chemiluminescence and fluorescence were also 
observed. 
Materials and methods. Th, T h M P  and ThDP were from 
Sigma. I and II were gifts kindly provided by Dr Y. Ito o f  
Takeda Chemical  Co. The chlorine concentration of  
sodium hypochlorite from BDH and that present in the tap 
water was determined by titration with sodium arsenite and 
the end point  indicated by the iodide and starch system 3. A 
Beckman Acta V, a Gilford 2000 and a Perkin-Elmer 
(Coleman 55) spectrophotometers were used for spectral 
scanning, absorbance vs time plots and absorbance mea- 
surements respectively. An Aminco  Bowman spectrofluo- 
rometer  was used for obtaining the fluorescence spectra 
and quantitating free thiamine in the form of  thiochrome 
(excitation at 375 nm, emission at 430 nm) produced by 


