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acet ic  a c id -wa t e r  (60:20:20,  v/V) afforded 10 mg of 
2-S-cysteinyldopa (II) 8 as an amorphous  hygroscopic  
powder,  2max (in 0.1 M HC1) 293 and 255 n m ;  N M R  
(D~O) d 3.14-3.70 (4H, m , - C H ~ - ) ,  4.06-4.36 (2H, m, 
- C H - ) ,  6.89 and 6.99"(each 1H,  ABq,  J 8.3 Hz,  or tho-  
coupled ArH)9. The  s t ruc ture  of 2-S-cys te inyldopa was 
conf i rmed by  a di rect  compar ison of t h e  spectra l  and 
chromatograph ic  proper t ies  of the  isolated p roduc t  w i th  
those  of an au then t i c  sample.  
Frac t ions  14-25 conta ined  a th i rd  ca techol  amino-acid.  
The  fract ions were evapora ted  to dryness and the  residue 
was ch romatographed  on W h a t m a n  3 MM paper  using 
n-propanol-1 M HC1 (3 : 2) as the  eluent.  E x t r a c t i o n  wi th  
0.1 M HC] of the  ma jo r  UV-quench ing  band (R~ 0.28) and 
evapora t ion  of the  ex t r ac t  gave  10 mg  of the  crude com- 
pound,  which was fur ther  purif ied on a co lumn 
(1.5 • 77 cm) of Sephadex  G 25, developed wi th  0.1 M HC1. 
Frac t ions  of 5 ml  were collected and moni to red  b y  the i r  
E ~  a. Frac t ions  21-25 were combined  and evapora ted  to 
dryness to give 3.6 mg of an amorphous  colourless 
powder,  )lm~x 303 and 273 n m  at  p H  1 and 320 n m  at  
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p H  6.8 (phosphate  buffer), N M R  (D20)0 d 3.07-3.80 
(6H, m, - C H 2 -  ), 4.08-4.43 (3H, m, - C H - ) ,  and 7.10 
(1H, s, isolated ArH),  which was ident i f ied as 2, 5-S, S- 
d icys te iny ldopa  (III)  by  compar ison  of the  spectral  and 
chromatograph ic  proper t ies  wi th  those of an au thent ic  
sample.  
Ind i rec t  evidence for the  na tu ra l  occurrence of 2-S- 
cys te iny ldopa  (II) has recent ly  been provided  1~ by  the  
isolat ion of t r ichochrome ]3 f rom a me lanoma  urine, 
while the  d icys te inyldopa  (III)  has previous ly  been iso- 
la ted f rom the  ref lect ing spheres of the  eyes of the  alliga- 
tor  gar, Lepisosteus spa tu la  ~. 
A l though  a quan t i t a t i ve  assessment  of the  exc re to ry  
level  of 2-S-eyste inyldopa and 2 ,5 -S ,S-d icys te iny ldopa  
wi th  respect  to 5-S-cyste inyldopa in me lanoma  urine is 
ou t  of t he  scope of the  present  work, the  da t a  so far  
avai lable  suggest  t h a t  the  re la t ive  rat io  of I, I I  and I I I  
is app rox ima te ly  15: 3: 1. This  is consis tent  wi th  t he  sug- 
gested metabol ic  origin of the  cys te inyldopas  and with 
recent  b iosynthet ic  exper iments  showing t h a t  in v i t ro  the  
addi t ion  of cysteine to dopaquinone  also leads to a mix-  
tu re  of I. I I  and I I I  in a ra t io  v e r y  similar  to t h a t  men-  
t ioned  above 11,x2. I f  the  same re la t ive  rat ios  of 5-S- and 
2-S-cys te inyldopa and of 2, 5-S, S-d icys te inyldopa  can be 
demons t ra t ed  in quan t i t a t i ve  exper iments  on me lanoma  
urine, i t  wil l  p rovide  evidence t h a t  the  dopaquinone-  
cysteine react ion t ak ing  place in the  melanocytes  pro-  
ceeds more or less in the  same w a y  as in model  experi-  
ments .  
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Summary. Bovine  ear  car t i lage contains  more hyaluronic  acid than  do hyal ine  cart i lages of the same animal.  Most  of 
i t  is in the elast in-rich residue no t  ex t rac tab le  by  4 M guanid in ium chloride where i t  is associated wi th  chondroi t in  
sus in low re la t ive  concent ra t ion  and of lower molecular  weight  than  in non-elast ic car t i lage residue. 

The  recent  repor t  2 t h a t  car t i lage proteoglycans  can s t im- 
ulate the  f ibri l lat ion of elast in suggests an addi t ional  role 
for the  g lycosaminoglycans  in elastic cart i lages such as 
t h a t  of bovine  ea r .  The  g lycosaminoglycan  composi t ion 
of ear  car t i lage differs only s l ight ly f rom tha t  of non- 
elastic cart i lages of the  same an imal  bu t  the  chondroi t in  
sulphate  chains are shorter  3 and there  is a small  bu t  
def ini te  increase in the  non-sulphated  fract ion 4. This  
f ract ion includes hyaluronic  acid which, following the  
ini t ial  repor t  of H a r d i n g h a m  and Muir  5, is now known to  
cause the  aggregat ion of car t i lage proteoglycans  even 
though  present  in v e r y  small  quant i t ies  in these tissues 8. 
I n  the present  work  these d is t inct  features  of ear car t i lage 

glycosaminoglycans  have  been studied fur ther  to see 
whe ther  t h e y  are associated wi th  the  presence of elastic 
fibres. 
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Mater ia ls  and methods. Carti lage f rom 1-2-year-old steers 
was freed of adher ing tissue, blood vessels and any 
opaque  regions. Por t ions  were f inely sliced and ex t rac ted  
with 4 M guan id in ium chloride 6 yielding an ex t rac t  f rom 
which crude pro teoglycan  was prec ip i ta ted  a t  4~ by  
addi t ion  of 4 voh of 95% aq. ethanol.  The glycosamino-  
glycans were released by  papa in  digestion s for 20 h a t  
50 ~ using 1 mg enzyme per  g cart i lage (or 100 mg proteo-  
glycan or solid residue) and prec ip i ta ted  a t  4~ after  
addi t ion of 4 vol. of 95% aq. ethanol .  The  p roduc t  was 
dissolved in 0.8 M NaC1 and passed th rough  a co lumn 
(1 ml  bed vo lume  per  5 mg glycosaminoglycan)  of Dowex  
1 •  (C1-) which was then  washed wi th  fur ther  0.8 M 
NaCI to a to t a l  of 5 bed volumes.  The  ehondroi t in  sul- 
phates  were ob ta ined  by  elut ing this column wi th  2.5 bed 
vo lumes  of 2 M NaC1 while the  0.8 M NaC1 eff luent  was 
di lu ted to 0.2 M by  addi t ion  of wa te r  and loaded on a 
second co lumn (1 ml  bed vo lume  per  30 mg  original  
glycosaminoglycan) .  Af te r  washing the  co lumn wi th  
0.2 M NaC1 is was e luted wi th  0.8 M NaC1. This  eluate, 
conta in ing  the  unsu lpha ted  glycosaminoglycans,  was ap- 
plied in 2 ml  por t ions  to a co lumn (58 • 1 cm) of Sephadex  
G-100 which was eluted at  10 ml /h  wi th  0.5 M NaC1. All 

Hyaluronic acid content of bovine cartilages and of proteoglycan 
extracted from them by 4 M guanidinium chloride 

Hyaluronic acid content expressed as : 
Source [xmoles o/0 total uronic acid* in 

uronie whole extracted un- 
acid per g earti- proteo- extractable** 
wet wt lage glyean residue 

Ear 2.5 3.1 0.80 12.7 (14.0) 
Nasal septum 1.3 1.0 0.30 4.1 
Cricoid 1.8 1.3 0.41 7.1 (7.3) 
Trachea 2.0 1.6 0.49 4.8 

*Total uronie acid refers to the sum of sulphated + unsulphated 
glycosaminoglyeans in the preparation. **Figures in this column 
estimated from the other data together with the percentage of total 
uronic acid extracted by 4 M guanidinium chloride, 81% (ear), 82% 
(nasal septum), 86% (crieoid) and 75~ (trachea). Figures in paren- 
theses are estimated directly on total glycosaminoglycans using 
streptococcal hyaluronidase. 
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Fig. 1. Gel chromatography on Sephadex G-200 of ehondroitin sul- 
phates from bovine ear and crieoid cartilages after extraction by 
4 M guanidinium chloride. The column (575 mm• 13 mm, void 
volume 19 ml) was eluted at 3 ml/h with 0.5 M sodium acetate, pH 
6.8. The elution profiles of 2 mg chondroitin sulphates from ear ex- 
tract (�9 ear residue (O), cricoid extract (A) and ericoid residue (A), 
all loaded in 1 ml, are shown. 

fract ions were assayed for uronic acid 7 and the glyco- 
s a m i n o g l y c a n  excluded by the gel (giving a peak at  
10-16 ml eff luent  volume) was isolated for fur ther  s tudy  
by  prec ip i ta t ion  wi th  e thanol  as before. 
Hexosamine  was assayed by amino acid autoanalyser .  
Cellulose ace ta te  electrophoresis  was per formed a t  
22 V/cm for 40 min in a pyr id ine-acet ic  acid-water  mix-  
ture,  p H  3.0 (5:100:895,  by vol) followed by  staining 
wi th  0.5% aq. toluidine blue. Digest ion wi th  s t repto-  
coccal hyaluronidase  (10 un i t s /ml ;  Calbiochem. Ltd.) was 
carried ou t  w i th  0.5 mg /ml  hyaluronic  acid in 0.1 M 
sodium acetate ,  p H  5.0. After  incubat ion  at  50~ for 6 h 
the  unsa tu ra ted  oligosaccharides released were measured 
spec t rophotomet r ica l ly  a t  232 nm. Both  the  Dowex 1 col- 
u m n  procedure  and s t reptococcal  hyaluronidase  digests 
were cal ibra ted for analyt ica l  purposes using s tandard  
mixtures  of hyaluronic  acid and chondroi t in  sulphate  
previous ly  isolated f rom ear carti lage. 
Results.  Hyaluron ic  acid was isolated f rom pro teo ly t ic  
digests of car t i lage or ex t rac ts  by  ion exchange chroma-  
tog raphy  followed by gel ch roma tog raphy  on Sephadex  
G-100 of the  f ract ion eluted f rom Dowex  1 x 2 by  0.8 M 
NaC1. The  peak  excluded by  the  gel conta ined equimolar  
glucosamine and uronic acid toge ther  wi th  small  amounts  
of galactosamine (3.2% to ta l  hexosamine  ) and yielded a 
single band on cellulose ace ta te  electrophoresis  of ident i -  
cal mobi l i ty  to t h a t  of umbil ical  cord hyaluronic  acid 
(Seravac I.td.) which had been subjected to papain  
digestion, i t  was susceptible to digestion by  s t reptococcal  
hyaluronidase  giving 15~ more  unsa tu ra ted  oligosaccha- 
ride than  an umbil ical  cord hyaluronic  acid under  the  
same conditions.  
Hya lu ron ic  acid and chondroi t in  sulphate  were es t imated  
in ear and o ther  cart i lages f rom the  same an imal  and in 
the  proteoglycan obta ined  by  ex t rac t ion  of the  car t i lage 
wi th  4 M guanid in ium chloride. The  results (table) show 
t h a t  ear car t i lage contains  2-3 t imes  as much  hyaluronic  
acid as the  hya l ine  cart i lages wtlen the  results are ex- 
pressed re la t ive  to  the  to ta l  g lycosaminoglycan content .  
Most  of the  ex t ra  hyaluronic  acid is no t  ex t rac ted  by  4 M 
guan id in ium chloride bu t  remains  in the  insoluble residue 
where,  in the ear, i t  amount s  to 9.2 ~xM uronic acid per  g 
dry  wt. Of the  3 non-elast ic  cart i lages studied, cricoid was 
found to conta in  t i le mos t  residual  hya luronic  acid 
(8.0 ~xM uronic acid per  g d ry  wt). 
The  condroi t in  sulphates  f rom the  insoluble residues of 
ear and cricoid cart i lages were ob ta ined  in single chain 
form by  papa in  digest ion and compared  by gel chromato-  
g raphy  wi th  those ex t rac tab le  by  4M guanid in ium 
chloride. Tile e lut ion profiles of chondroi t in  sulphates  of 
ex t rac t  and residue are super imposable  bu t  d is t inct  for 
ear and cricoid (figure) excluding the  possibi l i ty of the  
select ive re tent ion  of especially short  chondroi t in  sul- 
pha te  chains in the  elast in-r ich residue. 
Discussion.  The hyaluronic  acid of ear  car t i lage is present  
in a ra t io  to chondroi t in  sulphate  much  in excess of t h a t  
required for op t ima l  aggregat ion  of car t i lage proteo-  
glycans 5. Af ter  ex t rac t ion  of the  bulk  of pro teoglycan  the  
elast in-rich residue should conta in  any  glycosaminoglycan 
fract ion par t icu la r ly  associated wi th  t h e  fibres. Though  
fur ther  enriched,  the  hyaluronic  acid concent ra t ion  (on a 
basis of d ry  weight) was no t  no tab ly  greater  in eIastic 
t h a n  non-elast ic  car t i lage residues. A specific association 
be tween  hyaluronic  acid and the  ma tu re  fibres of elastic 
tissue seems unl ikely also because mild procedures  which 
ex t rac t  collagen select ively and solubilise 70-90% of the  
residual  g lycosaminoglycans  (such as digest ion by  t ryp-  

7 T. Bitter and H. Muir, Analyt. Biochem. 4, 330 (1962). 
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sin, or collagenase, or pepsin followed by  4 M guanid in ium 
chloride) ~/1l fail tb show any select ive enr ichment  of 
hya luronic  acid in the  residue (F. S. Wus teman ,  unpub-  
lished work). 
The  major  difference in the  unex t rac tab le  glycosamino-  
glycans which in te rpene t ra te  the  ne twork  of fibrous pro- 
te in in elastic car t i lage lies in the  re la t ive ly  lower con- 
cen t ra t ion  of chondroi t in  sulphate  chains (even af ter  due 
al lowance has been made for their  lower mol. wt3). No 
way  has ye t  been found to ex t rac t  undegraded  proteo-  
g lycan f rom these residues bu t  the i r  s ta te  of aggregat ion 
mus t  be influenced by  this  difference in composit ion.  
E v e n  if this were no t  so, the steric exclusion effect of 
hyaluronic  acid, which is known to influence in v i t ro  both  
the  nucleat ion and fibre growth  processes of collagen s, is 
l ikely to affect  the  developing elastic fibre. Hya luron ic  

acid has been found in high concent ra t ion  in another  
elastic cartilage, t h a t  of human  epiglott is  9, and is far more 
a b u n d a n t  in elastic l i gamen tum nuchae  than  in collage- 
nous t endon  1~ An unsu lpha ted  glycosaminoglycan has 
been implicated,  f rom his tochemical  studies, in the  for- 
ma t ion  of elastic fibres in ar ter ial  walls 1~ and i t  m a y  be 
tha t  an invo lvemen t  of hyaluronic  acid in elastin fibril- 
logenesis has been obscured by  the presence of o ther  
glycosaminoglycans  with  different  funct ions in the  tissue. 

8 B. 0brink, Eur. J. Biochem. 3,t, 129 (1973). 
9 K. Solheim, J. Oslo City Hosp. 18, 45 (1968). 
10 K. Meyer, E. A. Davidson, A. Linker and P. Hoffman, Biochem. 

biophys. Acta 21, 506 (1956). 
11 R.D. Moore and M. D. Schoenberg, J. Path..Bact. 77, 163 (1959). 

C h e m i c a l  and f ie ld s tu d ie s  on the s e x  p h e r o m o n e s  of the cone  and seed  m o t h s  
B a r b a r a  co l fax iana  and L a s p e y r e s i a  y o u n g a n a  1, 2 
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Summary. Field studies have  shown t h a t  mix tures  of t rans-7-dodecen- l -o l  and up to 10% of t i le cis isomer are effect ive 
a t t r ac t an t s  for male Laspeyresia  youngana.  Similar ly  male Barbara  colfaxiana have  been shown to be a t t rac ted  to 
t raps  conta in ing cis-9-dodeeen-l-ol ,  and pre l iminary  analyses indicate t h a t  the  na tura l  pheromone  of this species 
contains  a dodecen- l -ol .  

The Douglas-f i r  cone m o t h  Barbara  colfaxiana and the  
spruce coneworm Laspeyres ia  youngana  are 2 of the  mos t  
serious cone ans seed pests indigenous to Bri t ish Colum- 
bia. Damage  is caused by  larvae feeding main ly  on seeds. 
The  species overwin te r  as pupae (B. colfaxiana) and 
larvae  (L. youngana)  and emerge  as adul t  moths  in late 
spring and ear ly  summer.  
Al though  nei ther  species pose a serious th rea t  to estab-  
lished forests, t h e y  are a problem, and the  cause of eco- 
nomic  loss in seed orchards.  Since seed orchards are 
general ly  of small  area (e.g. 10-20 ha), conta in  uni formly  
sized trees, usual ly  of a single species, we believe t h e y  
afford a fores t ry  s i tuat ion in which sex pehromones  could 
be successfully used for popula t ion  management .  This  
paper  presents  the results of some pre l iminary  work  
a imed a t  the  isolat ion and ident i f icat ion of the  sex 
pheromones  of B. colfaxiana and L. youngana.  

Table 1. Compounds screened for attractancy against B. colfaxiana 
and L. youngana 

Alcohols 

trans-4-dodecen-l-ol 
cis-4-dodecen-l-ol 
trans-5-dodeeen-l-ol 
cis-6-dodeeen-l-ol 
trans-7-dodecen-l-ol 

cis-7-dodecen-l-ol 
cis-9-dodecen-l-ol 
cis-7-tetradecen-l-ol 
trans-ll-tetradeeen-l-ol* 
cis-11-tetradecen-l-ol* 
eis-7-hexadeeen-l-ol 
cis-9-hexadecen- 1 -o1" 

Alcohol acetates Expoxides 

cis-7-dodecen-l-yl acetate disparlure* 
cis-8-dodecen-I-yl acetate 
trans-9-dodecen-l-yl acetate 
eis-9-dodeeen-l-yl acetate 
trans-11- 
tetradecen-l-yl acetate 
eis -ll-tetradecen-l-yl acetate 
eis-7-hexadecen-l-yl acetate* 
cis-11-hexadecen-l-yl acetate* 

*Compounds not tested against B. colfaxiana 

Materials and methods. The synthe t ic  compounds  field 
screened for a t t r a c t a n c y  (tabIe 1) were dispensed in poly-  
e thylene  vial  caps (100 ~g/cap) and suspended in Phero-  
con 2 traps.  Each  compound  was repl icated s i x  times. 
For  the  chemical  studies on 13. colfaxiana pheromone,  
insects were reared on a 18/6 h l igh t /dark  cycle. The  
insects were r emoved  from the  cones a t  the  late  la rval  
and prepupal  stage, the  sexes thereaf te r  were main ta ined  
separately.  Af te r  emergence the males were main ta ined  
for bioassay, while the  females were sacrificed by  drop-  
ping t h e m  into hexane when t h e y  were 2 days  old. Bio- 
assays were carried out  using 2-day-old males in pe t r i  
dishes in subdued light.  The  males were accl imat ized in 
the  dishes for several  hours  before I cm ~ pieces of f i l ter  
paper  i m p r e g n a t e d  wi th  the  tes t  mater ia ls  were in t ro-  
duced into the  pet r i  dishes. In tense  'buzzing '  by  the  males 
was considered a posi t ive  response. 
Ex t r ac t s  of 13. col faxiana were prepared by  gr inding 
whole, virgin female insects wi th  hexane in a tissue 
homogenizer .  This  process was repeated  twice, and the  
combined hexane  ex t rac t s  dried over  magnes ium sulphate  
pr ior  to remova l  of the  solvent  a t  room t empera tu re  under  
reduced pressure. Gas ch roma tog raphy  was per formed on 
a Pe rk in -E lmer  3920 gas ch romatograph  f i t ted wi th  
f lame ionizat ion detectors .  All columns used were 6 • cm 
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