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Fable 2 Yield of Cy-C; hydrocarbons from microbial degradation 

of terpenatds 
  

Yield? 

(2 per 
litre 

Mixed culture Substrate™ Products medium) 

Metal cans 

Anserobes Farnesol Tsopentane 3 

3-Methylpentane = 1.50.34 

Anacrobes 8-Carotene 2-Methylpentane ig 

3-Methylpentane 1642.5} 

Toluene 35 
Serum bottles 

Anaerabes Farnesal 1-Butene 12 

3-Methylipentene ik 

Anserobes §-Carotene Methylbutene 14 

_Anaerobes a-i-Pinene Methylbutene 18 
| Aerobes (7 days) Farnesol 1-Butene 141 
i Angerobes (8 days) 2-Hexene 9 
l Aerobes (7 days) &-Carotene 1-Hexene 30 
{ Anaerobes (8 days) 

Aerobes (7 days) a-2-Finene Methylpentene 17 

Anaerobes (8 days) 2,2-Dimethyl- 

butane 21 
  

* About 0.5-1.5 mg of substrate per ml of medium. 

+ Detection limit 0.003 pe per litre medium. 

+ Standard deviation from duplicate cultures. 

with substrate but no bacteria. Small amounts of methane, 
ethane, propane and butanes were found in some of the samples, 
but these were also in blanks that did nat contain the terpenoids, 
so their presence was not considered a result of terpenoid 
degradation. Also, the samples run in the serum bottles with 
anaerobic bacteria, but no terpenoids, yielded 50 ug per litre of 
dimethyisulphide and 75 wa per litre of CS. (detected by gas 
chromatography). When farnesol was added, these yields 
increased up to 60 wg and 200 wes per litre, respectively. 

The most significant conclusion is that the anaerobic 
degradation process formed only a few specific hydrocarbons 
from each terpenoid, Only alkanes and toluene were formed in 
the metal cans, whereas alkenes were the main products in the 
giass serum bottles. The kinetics of alkene formation by the 
anaerobes is possibly faster than that of alkane formation, but is 
inhibited by the metal in the can. The formation of branched 
pentanes from either farnesol or §-carotene is conceivable 
through the breaking of a carbon-carbon bond in the beta 
position to the double bonds. It is more difficult to understand 
the formation of the toluene although methylcyclohexene might 
be a reasonable precursor*, 8-Carotene will aromatize to form 
toluene when heated for 2 weeks at 119°C (ref. 8). However, 
when heated at 90°C for 15min in the conditions of our 

experiments, no toluene was found within our detection limit 
(0.003 ag per litre medium). The high yield of toluene in Table 1 
only resulted when anaerobes were present in the can. The 
reason for formation of toluene in the cans but not in the bottles 
is unclear, but may be due to some effect of the metal in the can. 
Controls showing no toluene production were: (1) blanks having 
all substrates including carotene but no bacteria; and (2) 
bacteria with all carbon sources except carotene. Thus, toluene 
production duc to a metal-catalysed chemical reaction has been 
ruled out. We did not do aerobic experiments with the metal 
cans so we cannot conclude that toluene forms exchisively in 
anaerobic environments. 

The anaerobic culturing in the serum bottles yielded mainly 
branched alkenes. The experiments with aerobes followed by 
anaerobes yicided mainly straight-chain alkenes and one gem-~- 
dimethyl alkane, 2,2-dimethylbutane. The formation of this 
compound fram a-2-pinene could result from breaking off the 
4-carbon ring with the quaternary carbon atom in a-pinene. 

The results of these preliminary microbial degradation 
experiments fit surprisingly well with our studies of hydrocarbon 
distributions in marine sediments. In the strongly reducing 
environment of Walvis Bay, we found that toluene constituted 

70% of the Ca-C, hydrocarbons in the surface sediments’. The 
present laboratory experiments support the concept that 
toluene can be an anaerobic degradation product, and show that 
the gem-dimethy! alkanes, such as neopentane and 2,2- 
dimethylbutane dominate in sediments where the overlying 
waters (and topmost sediments) are oxidizing with deeper 
sediments reducing (Arabian Sea)’. These same environments 
also produced a diverse assemblape of alkenes, including 
straight-chain pentenes and hexenes, Such campounds seemed 
to arise from a combination of both aerobic and anaerobic 
microbial degradation of orpanic substrates, possibly together 
with low-temperature chemical reactions. Whelan ef al.“ have 
discussed in detail possible chemical reactions leading to the 
Ce-C, hydrocarbons, such as alcohol dehydration and allylic 
free radical cleavage. It has also been pointed out that hacterial 
reworking of algae forms an amorphous biomass high in 
bacterial bodies that is more readily converted to hydrocarbons 
in the C,5. range’. However, we found no references to Cy-Cy 
hydrocarbon formation by bacterial reworking. 

We are not arguing that these products represent major 
metabolic paths in the organism. The trace amounts of substrate 
transformed suggest that these paths probably represent reac- 
tions which are incidental to the bacteria. However, the small 
(p.p.m.-p.p.b.} levels of compounds found in these experiments 
and in our Recent sediment analyses are comparable so that 
these microbial processes may explain one source af the 
compounds in Recent sediments. This is a valuable finding 
because the presence of a particular set of these molecules in 
more deeply buried cold sediments may provide information 
about the nature of the sediment-water interface (oxic or 
anoxic) when the sediment was buried in past geological time. 
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The principal eyes of a jumping 
spider have a telephoto component 
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Jumping spiders are a cosmopolitan family (Salticidae) of pre- 
daters that can make visual discrimination between prey and 
mates**, This task is mediated through the anterior median 
eyes, described hy Land’ as consisting of a corneal lens and a 
motile retina thal comprises four layers of receptors embedded 
im @ mateix. The retinel matrix contains a pit distal io the 
receptors and symmetrically centred on-axis. We have new 
found that in Portia fimbricta (Doleschsll) and some other 
species, this pit has a refracting interface that increases the focal 
length of the cve beyond its axial length, thereby magnifying the 
retinal image and increasing visual resolving power shove that 
possibile with only a corneal lens. The most effective part of the 
conical pit is its rounded apex, which augments the cornmeal leas 
to provide a telephoto system that increases the overall fecal 
length by about 1) times. This mechanism is of particular value 
to small spiders ke P. Amabriata, for the possible axial length of 
thelr eyes is constrained by the cmall size of their prosomac 
(Fig. 2}. 
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