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"DNA~BINDING PROTEINS AND RNA. TRANSCRIPTIVEVFU&CTION
- IN DIFFERENT SUBCELLULAR FRACTIONS OF Hela CELLS

' by Beth Baxter -
INTRODUCT ION '

The organization of transcriptionally actlve chrOmatin (TAC) is .
important .in gaining an understanding of the mechanism of cellular
'transcription. The spatial organization of TAC within: the nucleus

‘and ' the ‘'structure-of TAC itself can reveal some variables affecting

gene fégulatlon. Research has indicated that. the nuclearimatrix (NM)
may play - key “role .in the orientation of chromatin within the
nucleus. On another level 'of organization,. TAC:can be shown  to. be

- composed of nucleaprotein complexes contalning non~histone proteins.

BStudies in both of the areas may reveal the organization -of TAC and

‘ thus further demonstrate the mechanlsm of transcrlptlon°

- A number of studies have ident1fied a subnuclear structure known
as the NM, which consists of an extensive non-chromatin proteinaceous
intranuclear network, residual components of the: nucleolus, and a

“peripheral lamina (Bouieille,_l§83). These. protelnaceous fibrils are

thought to retain' the overall shape  of the nucleus  and confer
structural - stability - upon. the interphase nucleus {(Agutter-et al.,
1980). This structure is prepared from isolated cell nuclei after
treatment with ; salt to remove loosely bound protein; treatment with

“‘nucleases ‘to ' remove associated cnromatin, and. treatment  with
,detergents to- remove nuclear. membranes. ‘The composition of the
‘structure isolated from this method: - approxlmately 98% protein,
“0.1% DNA, 1.2% RNA, and _1.1% phc:paolzpid. The protein usually
consists of three to five major polypeptldes qepending on cell type.

: - The NM has been" 1mplicated in’ the cellular processes of
Lranscriptlon and replication (Roblnson et al., 1983; Agutter gg al.,

1980), Studies using radioactive precursors have demonstrated ' that
newly replicative and transcriptive products can be found in
association with the MM. These observations suggest that active -
chromatin may exist in association with the NM, and that

_transcription may ogcur on .the -eukaryotic. NM .in  chromatin~NM
complexes. Purthermore, studles h¢ve shown that initiation of DNA
;replicatlon is localized in the matrix. {Agutter et al., 1980). This

~implies ‘that the NM may serve as a scaffola on whlch DN& replication
woccurs, _ _ . . o :

‘The functlon of the NM in transcriotion can also be demonstrated
by the presence of transcriptional cofactors assoclated with the NM.
Studies (Abulafia et al., 1984) have, shown that the NM does have a
relatively large amount of associated RNA  polymerase.  These
findings, in addition to those prevxously stated, support the

hypothesis ‘that  the NM plays a role in the. spatial organization of
.chromatin - durlng the cellular processes of . repllcation - -and

transcrlptlon.,.

Beth Baxter is a senior Chemistxrv maicr from Nashville, Tennessee.
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When seeking to elucidate the mechanism of . transcription in
eukaryotic systems, _one should also . examine the structure and
composition of " eukaryotic chromatin. Simian virus @ 40 (sv40)
chromatin, composed of 70% ~viral chromatin and 30% -eukaryotic
chromatin, behaves in a manner which is empirically similar to
eukaryotic chromatin. (Das et al., 1981). SV40 chromatin can than

be used to determine eukaryotic, characteristlcs under the assumption
of thelr analogous reactlvitxes. : : ’

"It is known that inactlve chromatin consists of hlstone proteins

bound to nucleic acid. Studies have recently revealed structures’

-composed . of- nucleic acid  bound with non-histone proteins,
.collectively . known as nucleoprotein complexes (NPC) (Sinha. et al.,
1982). These- structures have been  demonstrated to - be
‘transcriptionally  active as viable templaEes." In additlon,
.franscriptlonal reactions using non-histone NPC have been found to be
‘less “dependent on. transcriptional. factors, suggesting that NPCs are
anriched in these factors. This ~evidence supports the hypothesis
chat non-histone NPCs may serve as an intermediate: transcriptlve

template structure. It would: follow from this that cellular regions .

- containing. relatively high levels of non-histone DNA binding proteins
would be’ associated with ¢ellular - regions of . relatively - high
transcriptive. activity. The transcriptive function -of the NM can

- then be démonstrated by determlning the amounts of both transcrlptive
§actors and non-histone DNA blndlng proteins associated with the NM.

, Transcriptional cofactors such as magne51um (Mg ) are known to
"be important-in affecting the conformation of chromatin. This affect
¢an-be - ‘indirect, through association 'with enzyme molecules, or
-directy, through ‘electrostatic interactions with charged phosphate
groups exposed on the nucleic acid structure (Ochiai, 1977).: The
conformational influence of magnesium can de demonstrated by varying
its concentration in transcription reactions and noting ‘resultant
«ftructural differences in the chromatln° ST

| &”?TERIALS AND METHODS
”Cﬁlls

HeLa cells (Straln s , CCL 2. 2, mycoplasma-free) _obtained ‘ffom
‘American Type Culture Collecton were grown in suspension culture in 4

. flasks at -37°C in minimal essential medium containing - -NaHCO4 {0.22.

g/l) - aind 5% fetal calf serum. The cells were grown to a density of
5.5 E5 cells per ml prior to harvesting, and the packed cell volume
was 8 ml. » ’

“Prsperatxon Of HeLa Cell Extracts )
Cells were harvested from cell culture medium by centr1fugation

:Eos- ‘10~ minutes at 3500 tpm in a Sorvall RC2-B. Pelleted cells were
washed well with phosphate-buffered saline at 0- 4°C and collected . by

‘gentrifugation.  The HeLa cells were suspended in’ five packed cell

volumes of buffer A (10 mM Tris-HCL, pH 7.9; 50 mM KC1l; 0.1 mM EDTA)
snd allowed to stand at 0°Celsius for 10 minutes. Cell nuclei were

isolated by homogenization according to Dignam et al. -(1983)." . The

1]
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cytoplasmic protein supernatant was prepared according to Dignam et
al. (1983); the nuclear extract was prepared from isolated nuclei as
described by Dignam et al (1983). The pellet obtained from the
nuclear extract contained the NM and was treated with endonucleases
and high . salt to remove soluble proteins and membranes according to
Staubenfiel et al. (1983), yielding the purified NM.

The NM was then dzvided into three sectlons, and each of the
sections was treated with one .of the follow1ng detergents. CHAPS
(0.65%), CHAPSO (0.6%), and SDS (0.06%). This yielded three samples
of NM proteins. The optical density (260 and 280 nm) of all five
protein fractions was measured on a  Zeiss spectrophbtometer to
determine protein corcentration. . -

All five protein fractions (3 NM ffactiene, , cytoplasmic
supernatant, and the nuclear extract) were measured individually on a
Zeiss spectrophotometer at 260 and 280 nm to determine protein-

concentration of each fraction.,

.Transcription Assays

‘ Assays were performed in a final volume of 50 ul by a method
described by Sinha et al (1982). Reactions were carried out with 25
pl_of protein extract, 2.5 pl of NTP with 1/6 less of UTP, 2.0 ul of

[P UTP (BRL), 0.5 uM MgClz, 15 ﬁl EDTA/TE Buffer, and both with and
without calf thymus bra.

The reaction mixtures were incubated at‘30‘C; 5 ul.aliquots were

;»w1thdraw"‘ at  timed . intervals ‘and precipitated with cold 5%
_ trichloroacetic acid contzining 10mM sodium pyrophosphate. After 10

minutes at 0°C, the solution was filtered through a Whatman glass

_paper (GF/C) disc. The disc was washed extensively with the same

solvent, followed by cold ethanol, then dried under an infrared heat
lamp, and placed in a scintillation v1al. The radioactivity of the

. samples were determined with BBOT-Toluene scintillation fluid (4g of

BBOT/liter of to;uene) in a Packard Tri-Carb 1liquid scintillation
spectrometer,. . o S _ ‘

-Nucleop*otein Complex Fc*maticn and Isolation

.The reaction mintures for each extract contained’ 6 ng [3H] SV40

"DNA, ‘12 nl TE buffer, pH 7.9: 2C nl of Dialysis Buffer 1 (20 mM
~ HEPES, pH 7.9; 208" gly"erol: 0.1 M ECl; 0.2 mM EDTA; 0.5 mM PMSF; and
‘0.5 mM DTT) arnd proteln in varying amounts from one .of the

subcellular samples. The protein sample was added in ‘several protein
: DNA ratios, all within the range of prot2in:DNA saturation of SV40

ENA for each subcellu]ar sample. - Experiments were performed with

nuclear extract and S100 samples at ratios of 75:1, 100:1, and 150: l°
The NM prptelns were aoded in 5:1, 10: 1, and 25:1 ratios.



: &leﬁtron Mlcroscopy

I

Peak fractlons ‘frOm Biegel A~15m  c¢olumns 'wefe'”analyzed. by

Afelectron microscopy - folIOW1ng the method of Dubochet et al. (1971)
as modified by de Murcia et al. -(1978). Samples were “placed on

carbon-covered nitro cellulose film supported on a 200.mesh Copper

- grid performed in an atmosphere of amylamine; whlch yielded the grids

hydrophilic.- The. .sample on -the grid was "rinsed . with H_O and

Tris/EDTA buffer. The samples were stained 30 ‘seconds w1th 2a 1%

ﬂj;aQUequsa.uranylaée;ate 'solution.. The grids were then rotary shadowed
““with-platinum  at. a 6 degree angle. ' Electron mlcrographs were

prepared for each.NPC sample.

-AXl reactlons were incubated  at ‘3U’Ce151ueA for 30 -mlnutes,

-”dlluted ‘'with 200 ml of buffer A and 10 nl of 0.1 N 'NaOH, mixed well,

and chilled in .ice for 10 minutes. NPC samples to be isoclated ..were

loaded onto 5 ml Biogel A-15m columns -that had previously been packed

using buffer A.  Columns were eluted with buffer A .and = collected in

30-250 ml fractions. Aliquots were counted ‘in aqueous counting’

scxntlllant on a Packard Trl-Carb liquid scintillation spectrometer.

RESULTS AND DISCUSSION ,

-{TTranscrlptlon Assay

Results from this procedure 1nd1cated both the relative - amount
- 0f; RNA! - polymerase -and its association with endogenous template in
.'each: subcellular: sample. The assay with cytoplasmic (S100) proteins

' ;showed' transcriptive ‘activity, indicative of the presence of RNA
’ ‘polymerase. The level of transc¢riptional activity with exogenous DNA
L Was | apprbximately~“eQUal ‘to that noted in the reaction without
lqexogenous ‘DNA. This suggests that the RNA polymerase within the S100
--region was‘associated with endogenous template. The transcriptional
activity. demonstrated by the cytoplasmic fraction is evidence - that
nuclear': contents leaked into the cytoplasm durlng isolation: of the
ruclei, as transcrlptlonal factors are not found in the cytoplasm in

Vivo. Investlgatlon is currently being done in developing ‘methods

“which minimize this leakage. Reactions carried out with nuclear

extract proteins showed transcriptive activity, 1mp11cat1ng the

1presence of RNA polymerase. This activity appeared to be dependent
- upen: exogenous template,'as transcriptional activity. 1ncreased with
;the addition of DNA. From this, it may be concluded that polymerase
~-in ‘the rnuclear ' extract probably exists unboupd and. free from
.endogenous template, ' - ‘ : A :

The NM,; however, demonstrated minimal 'and 1nconclu51ve

,trenscrlptlonal activity both with and without exogenous DNA. It is

very possible .that the.detergent treatments used to extract the NM
proteins from the NM interfered with the activity of the RNA
polymerase by dissociating the constituent subunits. This experiment
was of particular interest in reference to results of an
investigation by Abulafia et al. (1984), which demonstrated a large
degree of RNA polymerase activity associated with the NM. This
information, ifs verified, would provide additional evidence
implicating the: function of the NM in transcription. The
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investigation of Abulafia et al. (1984) was performed by isolating
the NM through sucrose cushions without subsequent detergent
treatments. These results indicate that additional research should
ke performed to develop a method which would extract. RNA polymerase
from the NM in an active form.

Isolation and Characterization, of NPCs

Gel Filtration

Several protein DNA ratios were  tested for each subcellular
. protein sample. The ratios of N.Ext and S100 tested were higher than
- those of the NM tested, due to the fact that the N.Ext and S100
‘contain many. more proteins in addition to DNA binding proteins.
Results from’ Figure 1 indicate that more DNA was bound - by: the NM
‘protein sample’ than by the other two protein samples. Under the
theory that NPCs are. involved in . active chromatin, this would
demonstrate that there would. be more transcriptionally active
Hchromatin associated with the NM than with the other cellular regions
~ tested. This conclusion would support evidence that the NM functlons
in gene regulation and control.

Reaction of the S100 proteins in the presence of MgClz' yielded
" recovery of a large part of the product in a broad peak between the
15th and.20th fractions, rather than near the 10th fraction as was
previously observed with other reaction products. This later peak,
- characteristic of degraded DNA, ‘is" evidence of a possible
endonuclease .contaminant present in the cytoplasmic fraction. It may
be noted that the endonuclease is. magnesium-dependent, . demonstrated
by the. fact that the second peak is not observed when reaction with
S100 protein is performed in the absence of MgClz.

Eiectron Micrographs

Electroﬁ/ micrographs of the ' isolated NPCs from each gel
filtration peak revealed . information  of -‘their structure and
configuration. . As the protein:DNA ratio was increased for ‘each
protein sample, the number of observed fbeads" per DNA molecule
increased. NPCs formed in the presence of MgClz appeared to' be tight
and compact, while those complexes formed in the absence -of MgCl,
. were open and circular.. These observations held true for NPCs from
peak fractions of each protein:DNA reaction with one exception. NPCs
from the second peak of the S100 reaction with magnesium appeared to
de degraded - into 1linear structures., This.supports the hypothesxs
that the S100 fraction contained an - endonuclease contaminant. the
concentration of .magnesium - used in the experiment (1.5 mM) is
analogous to the. external Mg++ concentration -found in cells. The
effects of Mgtt as seen. by comparison of NPC structures, suggest the
role of Mgttin gene regulation by influencing chromatin conformation.
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' KEY TO ELECTRON MICROGRAPHS:

Fig. 1 l S - Fig;'g
f%éf?jiﬁﬂ" | |

C o T - . N SR
Figure 1: sv4o DNA with non-histone binding proteins from
nuclear extract fraction in- presence of 1.5 mM MgClz.

Figure 2t SV40 DNA with non-hlstone binding proteins from.
nuclear extract fraction in absence of MgClz.

Figure 3-{ SV4O with non-histone binding protelns from 5100
fraction in presence of 1 5 mM MgCl ‘

Figure 4: SV40 w1th non-hxstone blnding proteins from SIOO
fraction in absence of MgClZ.”

Figure 5: SV40 DRA with non-histone'binding-proteins from
nuclear matrix fraction in presence of 1.5 mM MgCl, . -

Figure 6: SV40 DNA with non-histone. binding proteins from
nuclear matrix fraction in absence of MgCl, .

Figure 7: Naked SV40 DNA.
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HERBIVORY INTERACTIONS OF PINFISH

by John Marr
ABSTRACT ' '

Algal preferences and growth rates, with respect to different
aldal species, of pinfish (Lagodon rhomboides) were tested. Algal
preference of spottail (Diplodus holbrooki) was also tested. Pinfish -
showed a significant preference for Hypnea and Nécgardiella over Ulva
and Sargassum, which were preferred over Padina and Codium. “Gut

analysis of pinfish demonstrated similar select1v1ty in the field.
Red algae, including Hypnea and N@ogardlella, constituted over 70% of
total gut contents. HNutritional value and digestibility are believed

to be higher in the Rhodophytes as compared to Chlorophytes and
Phaeophytes. ‘ '

INTRODUCTICON

Radio Island Jetty, a man-made reef, provides a rocky substrate
offshore near Beaufort, N.C.. Habitats for many algal species,
nerbivores, omnivores, and carnivores are provided at this site. The
interactions between these organisms and their physical environment
provide a somewhat diverse community to be examined. Pinfish
{l.agadon rhomboides) range in bays and estuaries from New York to-
Cuaba (Smith, 1907} and reach a maximal 1length of 25.4 om.. They
rwrage on small fish, worms, crustaceans, mollusks, and algae {Smith,

1307). Foraging patterns and behavior of pinfish on dlfferent“ algae
species was the topic of our study. :

MATERIALS AﬂDI%ETHODS‘
Preference

_ Algal preferences were examined in the lab for two . species of
pinfish, Lagodon rhomboides -and Diplodus holbrooki. Three large
aguaria were each partitioned into three egual sized sections using
soreened frames. This allcwed unfiltered, airated seawater to
circulate freely among partitioned sections of the tanks, For each
experimental run there was one control per tank, consisting of the
algal species without fish. This gave a total of three controls and
six treatments per run. The sections without fish controlled for
natural weight loss or gain for the individual algal species. Six
algal species were tested for any pinfish grazing preferences. The
algal species used in all the preference tests were Ulva, Codium,
Sargassum, Padrina, and HNecgardiella. The algae were collected at
Radio Island Jetty approximately two hours before each treatment.
" Fer each treatment and contrel, each alga was individually welghed
{4.0~7.0g), strapped to a rock by rubberband, and located in the
treatment and control sections of the tanks at specified points using
a random number table. The six algal species remained in the tanks
for 48 hours., After each run, the algae were removed, reweighed, and

f

Jonn Marr is a junior Biology major from Bartlett, Tennessee.
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the mean change in control weights was used to adjust treatment
weights to  ‘account for natural change in weights unrelated to fish
grazing. There were three runs conducted for. L. rhomboides and one
run for D." “holbrooki. The aquaria were emptied and cleaned after
each run; and condItIons were held constant for all repllcates.

. Pinfish wused .in the ‘preference’ test (L. "rhoboides) were

"collected in the field at Phillip's Island with a large seine prior
‘to each run, and were allowed a 24 hour starvation and . acclimation

period, Pinfish with a standard length range from 4.2-7.0 cm were
placed in each of the six grazing treatments; ten fish per treatment.
The six previously weighed algae remained in the tanks for 48 hours.

~They were then reweighed to record any change due to feeding by the

fish. For " the pinfish, three different’ runs‘ were done, giving
eighteen replicates and nine controls., R L .

‘ Spottailed plnfish ‘used in the preference test ' (D. 'holbrooki)
were caught at ~Radio Island Jetty by hook and line. Six spottails
were collected and brought into the lab to be starved for four days.
The standard length ranged from 12-15 cm.. The feeding period was 48
hours and all other procedures were identical 'to -those previously

described for the pinfish. 'One run was done on the spottaxls, giving
six replicates and three controls. .

Using the results from the pinflsh (L. rhomboides) - preference
test, three algal species were chosen for " the growth rate experiment.
We chose a highly preferred species, Hypnea; a moderately preferred
species, Sargassum; and a non-preferred species, Padina.. Thirty 3.81
jars with a continual flow of seawater and supply of air were set up:
this gave ten replicate fish for each alga. ‘Pinfish collected at
Phillip's Island, with a mean standard length of 5.0 cm, were weighed
and placed individually in each of the jars. Then each alga was
separately strapped to a rock and randomly placed in a jar with a
fish, The algae was replaced in excess every two days. The
experiment ran for eight days. Then each of the fish were removed,

remeasured and weighed to obtain any change due to the specified

Fie;d Observations_

An algal abundance survey at Radio Island Jetty was taken in the
following manner. A meter tape was stretched out in 5 m increments,

"in the sub-tidal zone, and 5 random p01nts were located in . each

meter. At-each point the understory, species beneath the canopY: and
overstory, species forming the canopy were recorded. - A total of 300

‘points were surveyed to give a general idea of the abundance of the

different’ spec1es.,.:r

A general fish survey at Radio Island Jetty was made durlng high
tide in the mid-afternoon., With visibility less than 3 m, one sample
was taken by swimming along a 100 m stretch next to the jetty. - The
number of indlvxduals of the common species visible at this locatlon
was recorded._.' '
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Analvais

In order to assess what pinfish were consuming in their natural
habitat, a gut' analysis was taken for sixteen L. rhomboides. The
pinfish, standard length range from 11-14 cm, were caught by hook and
iine:. 'The guts were preserved in the freezer or immediately analyzed
~ upon returnlng to the lab. A dissecting microscope aided in

separating the contents into four categories: red, green, and brown
algae, and animal tissue.‘ The identified contents were placed ‘in an -

'xﬂ»ubator at 50°C- untll the ﬁry weights were taken.
RESULTS - - R D Y

Consumptlon ‘of the various seaweeds by pinf;sh (L rhomboides) is
suown - in Fig. 1. This graph illustrates that. Hypnea and
Nw@gardlella lost significantly more weight as Lompared to the other
a&igae (p<.05 ANOVA and Duncan's Multiple Range Test). Ulva and
5mfgassum lost 51gniﬁlcantly more weight than Codium and Padina. In

gengral, the red- ‘algal speCLes appeared to be preferred over either
green or brown algal spec193°

- Consumption by spottails (D. 'hdlbrbbki}.'ié ;ShqwnAfin Fig - 2.
This graph also illustrates that red algal species were consumed at a
higher rate than green or brown algae. Again, the red algal species,

Hyprea and Neogardlella, lost in excess as compared w1th the green or
brawn algaeo-~

- Pinfish fed three .different types of algae exhibited no
'hignlficant differences in growth rates. There is, however, a trend.

Padina was the lowest preference alga (Fig. 1) and caused the
gr&atest weight less (Table A). :

Tabie A

Alga. ’ ‘ i X Wtu (g ) ‘ S.'DO
Hypnea ' -.32 « 34
Sargassum -q30 .42
Padina -059 . oBQ

‘3
FE]

Pinfish gut ‘content analysis is shown in. Flg. 3. Red algae
accounted for 70% of the total gut contents .in the pinfish thus,
rads were signxficantly (.005<p<.01, ANOVA tests) more than browns,
greens, or animal material. The only readily identifiable algal

apecies were as follows: Reds-polysiphonia, Hypnea, and

'Eiﬂg&tél@ll&' Greens~-Cladophora and Ulva: Browns—Sargassum°

The algal abundances at Radlo'Island Jetty are shown in Figs 4.

'%argassum, Codium, Ulva, and Gracilaria each comprise.at least 10% of
the total species accord1ng tc che graph. This illustrates that the
rﬁ“ee main ‘algal c¢lasses are represented in large proportlons ‘by. at

iwast one member of their class. According to the graph, the reds,.

as a group, are represented by five species, all at relatively low
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abundances. The greens are mostly represented by Ulva and Codium;
and Sargassum is by far the most abundant of the browns and possibly

of all the algae. Also a large percentage of the reds are found in
" the understory along with a lot of greens. '

Table B: Fish Survey

Species ‘% Abundance
" Diplodus holbrooki 42
Lagodon rhomboides ' 40.19 s
" Micropterus sp. .65 -
' Archosargus Erobatoceghalus o 1122

According to the fish survey taken at Radio 1Island Jetty,

pinfish (L. rhomboides) and spottails (D. holbrooki) comprised more
than 80% of all the fish encountered. . :

~

DISCUSSION

In order to study feeding patterns and behavior in 'Lagodon
rhomboides and Diplodus holbrooki, the influences of their habitat
complexity must be considered. Radio Island Jetty, the study site,
may be one of the more diverse habitats in the immediate Beaufort,
K.C. area. Much of the jetty's substrate is in the intertidal zone,
being largely exposed during low tide and completely under water
during high tide. Also strong currents and high wave action probably
play a large role in physical disturbances. The physical structure
of the habitat may be intricately related to the population and
community dynamics of its inhabitants. *yariation 1in habitat.
structure over space and time may dramatically alter not only the
behavior of the predator, but undoubtedly influences patterns of
abundance and species richness in both prey and predator groups®
{Stoner, 1979%). : '

. According to Eastbrock and Dunham (1976), the environment offers
all animals a great variety of potential food items which vary
greatly in the ease with which they can be found, captured, and
2aten, and. in thelr nutritive value. The pinfish and spottail are
both known to be omnivores, feeding both on plant and animal
. material, which can potentially provide a large assortment in the
diet, depending on the environment. "Schoener suggested that
generalist feeding strategy is favored when: 1) food density is low
and there is a premium on the ability of the animal to take a range
of prey, 2) the predator has a relatively long period to gain energy,
"‘and 3) prey densities fluctuate widely.” (Stoner, 1980). Perhaps the
pinfish at Radio 1Island Jetty are forced, with a decréase in
epifaunal species (i.e. amphipods) during certain seasons- (e.g.
summer), tc compensate by broadening their diet breadth. This
prediction that foragers will generalize as food abundance declines
is consistent with two temperate fishes' feeding strategies studies
by Horn (1983). It can clearly be concluded from our data, obtained
in mid-July, that red algae is consumed in much greater quantities
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than animal matter in Lagodon rhomboides. Hansen (1963-65) also
found. . ‘that vegetation ‘constituted a large majorlty of the diet for
pinfish in the summer and fall. : Seasonal variation in  the diet of

pinfish appears  to be directly influenced by fluctuations of food
abundance° ' :

With the assumption that algae is an important part of pinfish’ '
diet, the preferences for certain algal species and any related
importances should be examined. First, the differential digestive

capabilities on dafferent types of algae must be considered. The
presence of cellulolytic activity in samples. of pinfish. alimentary
tract may make  cellulose digestion play a substantive nutritional
role (Weinstein et al., 1982), If plant material does have
- nutritional gignificance to pinfish, then the nutritional value may

vary amongst the different algae types. High selective . preference
“for red algae shown in our results might be related to a high

nutritional wvalue ' as compared to other algae. Two . temperate

herbivorous fish (Cebidichthys violaceous and Xiphister mucosous)
were shown to highly seiect for annual Chiorophytes = and Rhodophytes
as opposed to tough, low nutritional Phaeophytes (Horn et al., 1982).

The fact that the Rhodophytes used in our experiment were both highly

preferred and that over 70% of the gut contents analyzed were

Rhodophytes is consistent with the high nutritional value  of

Rhodophytes  over Chlorophytes and Phaeophytes. = "Rhodophytes are
inown to have a greater concentration of the kinds of carbohydrates
that are more - gusceptible. to digest1on ‘by flshes..g (Horn et al.,

1982). In a study .conducted by Edwards and Horn ' (1982), on &

témperate . £ish (Ceblﬁluhythgs-viclaceus),'protein,‘carbohydrate( and
total organic. material were absorbed more efficiently from
Rhodophytes. - Other ‘related differences in digestlble ‘components
peztween the different algae might be explained -by differences in
morphologies and - herbivore defense mechanisms.: found in some algal
species,. Phaeophytes and other algae may be avoidéd due to tough
thalli and because many.contain polyphenoclic compounds, which serve
as herbivore defense machanisrs (Horn et al., 19%82). Furthermore,
there 1is a . tendency for finely branched thalli of algae to be more
-palatable and of higher caloric content (Edwards and Horn, A1982).
The . morphologies of the two most preferred:’ algal species, Hypnea and
Neogardiella,  are similar in that they are multi-branched and

relatively tender, .which- supports the models for hlgh nutritionalv'

;ulue and increased. susce@tjbillgy to dlgestlon.

Results from the algal survey of Radio Island Jetty support the
hzgher percentage  of Rhodophyte consumption in that all specaes ‘of

red algae encountered were represented . in  low abundances. With

n»infish comprising 80% of all fish encountered in the fish survey;
~the low percentage of red algae could be attributed to preferential

foraging in pinfish.  If pinfish are able to- preferentially select -
the algal speclies. based on high nutritional value and dlgestlbillty,,
then their foraging eff 1c1ency should be max1mlzed, even at txmes of,

tow food abundance..

- : .

-
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- THE SYNTHESIS AND ELECTROPHILIC SUBSTITUTION
. OF 1~-TRIFLYOROMETHYLSULFONYLPYRROLE -

by. Paula Louise Millirons S

STATEMENT OF RESEARCH PROBLEM

The synthesis and reaction of l=trifluoromethylsulfonylpyrrole
were investigated for their usefulness as a synthetic troute to
j-substituted pyrroles and for what they wight reveal ‘about the
mechanistic control of 3-substitution. Increases in- the\percent of
3~-isomer formed during reactions of deactivited pyrroles with “hard
electrophiles™ have . been postulated to result from increased charge
control of the reaction, for example ln the AlCL,-catalyzed acylation
@f l-phenylsulfonylpyrrole. Wnile there doe% seem to be greater
charge control in the react&aqs of the l-sulfonylpyrroles, we believe
‘that this increase ‘does not alone account for the r;seg in
3-acvlation.. It 1is . proposed that a previously uncharadterized
complex between the l-sulfonylpyrroles and AlLC may -account for the
increased stereospecxfﬁCLty bevond that expected by the hardness of
the electrophile in these acyldtien reactiens. ’ cE T T

The ring nucleus of pyrro?e exhiblts resonance stabilization,
and it is . extremely. susceptible- to - electrophilic ' attack.
Electrophilic attack occurs bopredominantlv. at the 2-position of
pvrrole. which can be readilv explained bv the increased stabilitv of
- the siqma-complex during 2-gubstitution over that during

3-substitution.- However, in. somé instances predominantly the
3~isomer is formed, especially with l-substituted pyrroles. . Such

3-substitution can be rationalized using any of three explanations or
some combination of them. 1) Steric hindrance at the 2-position-from
the neighboring 1l-substituent could promote substitution- at the
sterically less-hinderecd 3-position (Ratritzky and Rees, 1984). 2)
Acid~-catalyzed rearrangement of the 2-isomer could lead to the more
thermodynamically stable 3-isonmer (Katritzky and Rees, 1984). 3}
Some reactions with "hard electrophiles” appear to be “charge
controlled” and hence substitfuticn would occur at the more. electron
dense 3-position. i* has been shown that in the gas phase, with no
solvent or catalyst effects, -~ pvrrole . undergoes predominantly
3~gubstitution with & variety of ionic electrophiles (Speranza,
1981).

The factors promoting 3-substitution in pyrrole are important
because of their relevance in the synthesis of biological molecules.
chh as the prodigiosias, a sdﬂll" of antibiotics (Jackson, 1979).
Als from a theoretica point of wview, the electrophilic
bubstltution of pyrrole ig an 1nterest1ﬂg system to examine wusing
appxoaches such as the no1y@19ctroq1c perturbation theory. This
theory tries to predict whether a reaction will be charge or frontier
controlled by looking at the relative “hardness™ or "softness™ of the
attacking electrophile. The effect which the solvent or environment

¥
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may have on the electrophile and acceptor molecules is ancther Ffactas:
influencing the site of substitution which even further complicates
the control of reactions in solution since solvation can alter the
relative hardness of the electrophile and the bascisity of the
pyrrole ring carbons (Klopman, 1968}. '

Certain l-substituted pyrroles such  as 1l-phenylsulfonylpyrrole
(1)  have lower ground state ring energies than does pyrrole itsel€.
Hence, 1 is more likely to exhibit charge-controlled behavior in its
reactions. It has been reported that AlCljy-catalyzed Friedel-Crafts
acylations of 1 typically give the 3—subst1tuted product.:

Attempts to introduce one- carbon acyl groups 1is reported to
uniformly result in the 2-isomer however (Xu et al., 1981; Rokach et
al., 1981; Kakushima et al, 1983).

The factors promoting this selective 3-substitution have not
been fully explained. Although the phenylsulfonyl group will cause
some steric hindrance at the 2-position, it 'is felt that the extreme
stereospecificity of the AlClz-acylations cannot be fully justified
by such steric effects arising from the phenylsulfonyl group alone
(Rokach et.al, 1981; Kakushima et al, 1983). However, steric effects
could -alss arise if the AlCly wétre mixed in 1,2-dichloromethane
(Kakushima et al, 1983). The remaining alternative is that the A1C13v
produces harder acylium ion electrophiles which interact with 1l in a
charge-controlled reaction. However, this theory does not fully
explain the results of the one-carbon acylations.

The synthesis of l-trifluoromethylsulfonylpyrrole (3) had not
been reported, and it was hoped that this even more strongly
electron-withdrawing substituent could lead to new synthetic pathways
as well as help to further elucidate the control of these reactions.
Its reactivity could also be related to the sterically-similar
l-methylsulfonylpyrrole (2) whose synthesis had been reported
(Prinzbach et al, 1973). Differences in the  reactivity and
stereospecificity of these pyrroles should reflect the relative
differences in the electron densities of their ring carbons. 1In this
paper, a successful synthesis of 3 is reported and a comparative look

at the reactivity of 2 and 3 is set forth, and the likely controlling
mechanisms further eluc1dated. : .

Figure 1
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EXPERIMENTAL INVESTIGATIONS AND CONCLUSIONS -

Both 1 and 2 can be synthesized by reacting +the ‘appropriate
sulfonyl chlorlde with. potassium pyrrole. The analogous procedure
was not appllcable for introducing the trlfluoromethyleulfonyl group.
However, . the trifluoromethanesulfonic ‘imidazolide can - be’ used to
transfer the trlfluoromethylsulfonyl group to pota351um pyrrole.

Thls reaction was found to glve an . 81% y;eld of - "3 ‘as  a
sweet-smelling llquid.. Due to its volatllity and the length of the
purlflcatlon procedure, the first. attempts at 1solat10n only afforded
a 16% ~yield  but ' this ' has been markedly 1mproved with practlce to .

about 508, 3 was characterlved by 1ts various spectra and’ elemental
analysis.,

Molecular. orbltal comparlsons of pyrrole, 1, 2,-and 3 were made
using the MNDO program on the Rhodes'® computer beglnnlng with the
pyrrole ring geometry established by Bak:et. ale (1956) ‘Table. I
shows that, for 1, 2. and. 3,: the total electron density. 1s greater at

the 3~carbons than at the 2-, Wlth all- densxtles being ‘lower than

those for- ;pyrrole itself.. ©Of “these: der1vat1ves,'”3 is the most
strongly~deactivatedr Although its: ‘greater ‘deactivation w111 make 3
less = reactive . in general. than- 1" or 72, -3 -should show more
charge~-controlled behav1or than do e1ther 1 o0r: 2. T

Table I. Electron Dens1ties

’ At'cin't o Pyrrole L . I 2 '.-':- 3.’

e, 4029 L 3993 0 .3.996 . 3 987
Sy T TaddeT T ey s 4 096

Various acylatlons ‘were 1nvestlgated and these' reSults are
summar;zed_ in Table:. II.; Mass spectra were obtalned to- confirm the
identity of the products, and often the -SO,CFj ‘group - would be
hydrolysed to give the free pyrrole derivative for further isomeric
confirmation., The acylations require a Lewis acid .catalyst, AlClj,
to  proceed; typically, 2 mmol of- catalyst and 1 mmol of acylating
agent would be stirred for 10 minutes in dichloromethane and then a
solution of .1 mmol of 2 or 3 would be added. From the results, it
can- be seen that A1C13—catalyzed substltutlon on 3 with both acetyl:
and benzoyl chloridé appeared to occur almost exclusively at the
3-position, while 2 .showed less stereospe01f1c1ty. o ﬁ

One- carbon acylations were performed on 3 only. It +had been
reported that - 1. gave only the 2-isomer in these reactions (Albert,
1968; Kosower and Bauer, 1960). However, when 3 was reacted with
dichloromethyl methyl ether, it gave a good .yield” of what we
characterized to be the 3-aldehyde. This is the -first direct
synthesis of the 3~aldehyde of which we know. .. “
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: The readiiun Witk ovalyit ohinride wae hoped to give the dipyrxyl

ketones (Kakushima et al., 1983; Triebs and Kreuzer, 1969) (3,2~ or
the unreported 3,3~) after initial formation of the acid chlorides «f
3. Although this reaction does produce  the acid chlorides, it is not
highly stereospecific and no dipyrryl ketone could be characterized.

T L YA
" Table II. Summary of Acylation Reactions

A}
\

o Z of

o _ . : _ _ ‘ ; . Overall Isomers
3"+ Reagent: - Catalyst -R- Time = ' - Yield 2-  3-
a)jv'f_‘cﬁ3c0c1 . AlCL, '-Eca3 2 hrs T 99
_y} CgHgCocl a1l ;SCSHS . %hrs 87% . .. 100
€} Cl,CHOCH, - alcCl, ' -CH Lhr 5% 98%: - 100

2 4
R - - x fl

.d) - ciceel - Alc1, -CCl 2 days 992 40 60

% of
: Overall Isomers
2 Reagent Catalyst -R Time Yield 2- 3~
a) _ CHjC0CI - Alcl, ~CCH, 2 hrs 99% 58 42

T

A

“The nitration and bromination reactions ' were investigated ' to
observe the behavior of 2 and. 3 in the absence of a Lewis acid
catalyst and with electrophiles of differing softness. The results,
summarized-. in -Table III, show definite acid-catalyzed rearrangement
is occurring.. When equimolar -amounts of ‘pyrrole .and 90% ' HNO;: are
mixed, it appears . that the electrophile attacks at the  2-position
with a'much-.greater rate than is witnessed by .the final equilibrium
‘ratios ~of the .isomers. The brominations were carried out using an
equimolar addition of N-bromosuccinimide, a-very. soft _electrophile;
for both 2 and 3 a predominance of -the 2-isomer was seen., - This does
seem to indicate that such a soft electrophile does promote more
frontier:' control of the reaction and hence greater’2-substitution is
seen. - P - . . 5 Lo o . , .o . - . B

“t . . . . . . . oL ’
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Table III. :Summary of Nitration and Bromination Réactions

R

. Z of
Overall Isomers
3 Reagent Solvent ~-R Time Yield 2- 3~
e) HNO,, (cn,t) 0 - -No, 2 hrs 632 . 30 70,
! day - 99% . 1o 90
£) . NBS A -Br  SOmin. . 273 ° 75 25
N T % of
- : Overall Isomers
2 Reagent Solvent -R Time Yield - 2-° 3-
. R . | A
e) ngg (cn,C),0 -No, 10 min 99% © 80 20
! day - 100% 37 63
£) NBS DME - -Br 50 min 41% 100

Having looked at the electrophiles of various strengths, we
wanted to examine a reaction which involved a very hard electrophile
and so we chose to study the rates of deuterium exchange on 2 and 3
In acidic solutions, pyrroles will behave as carbon bases, undergoing
protonation on, one of the ring carbons, and we expected to see a
predominance of 3-protonation. The rates of exchange of 2 and 3 are
given in Table IV and were obtained by adding the deuterated solvent
to 0.03 9 of pyrrole in an NMR tube.

This was quickly shaken and integrations of the 'hydrogen-'peaks
made at time intervals from 30 seconds to 24 hours. The exchange
should be pseudo-first order; so a plot of the natural 1log of the
integrations versus time should give a straight line whose slope is
the relative rate.. Partial rate factors were derived from the
réiative exchange rate of durene under these conditions related to
its known partial rate factor {Lauer and Stedman, 1958).

For both 2 and 3, it can be seen that the 2-position is - more
reactive than the 3-position. Although solvent effects may be .
important here, we were still surprised to see that exchange with the
harder deuterium electrophile did not seem to exhibit the same
charge~controlled behavior as had  the acylation reactions with
relatively softer electrophiles, ‘

T



Table IV. Deuterium Exchange Rates

Z—Hydrogens : : 3-Hydrogens

i . _Partial Rate.’  Partial Rate
© Solvent __Rate _,»_Factor x 10 Rate  Factor x 10
‘2" CF,C00D - 0.86 33 0.02t 0.80
3 CF 4000 0.00011 0/0042 -~ -
'3, .. 10%2.D,s0, < - 0.8 - 0,028 | . -—-
+in CF,COOD -

Although no spectral evidence of an AlCl complex with 1 had
been reported, we felt that there must be.an additional interaction
at 'work in-: these. acylations besides  charge  control. Complex
formation betwéen "pi-excessive® centers such as these pyrroles and
"pi-deficient™ -centers such as AlCl3 has been well documented
(Albert, . 1968; Kosower and Bauer, 1960) We decided to examine the
-spectral data ourselves for definite 31gns of complex formation. ' The
UV .'spectral data which we obtained is shown in Table V.. Although
these.;absdrptiv1t1es seem unusually low . across . the board, the
significant ‘factoris the definite increase in absorptivity upon the

addition of AlCl3 for: .all three pyrroles (which have a maximum
’absorbance around 250 nm) . ’ :

~

»egl- Table V. UV Data ‘on Complex Formation

' Molat Absorptxvityvof. - f_l.‘ i ’ i:‘f _ _;: 3
.‘4--“'a) Wxthout AlCl3 - - 1480 | . 46’-'14 ”'.68-7‘
b) With Alcl, 2290 82,5 146
b/a | 1,55 . 1.85 “2..1'3 -

.. . The NMR 'spectral data, given in Table VI, alsc shows evidence of
complex -formation.’ For each pyrrole, there is a downfield shlft for
both ‘the 2=~ :-and. 3~-hydrogens 'with that at the 3-H being wore
pronounced. : When identical studies were done with $nCl,, no changes
in the chemical shifts of 1, .2, or 3 were observed. This indicates

that ~the 8SnCly 1is not interactlng Wlth these pyrroles in the same
manner as A1C13,»' R :
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Table VI. MNMR Data on Complex Formation

Chemical Shift of: 20 3-8 oW 3H 26 3
Without AlCl, 6.91 6.08 6._89‘ 6.17. " 6.90° 6.29
With A1c13 - 7.03 16.38°  7.02 6.43  7.03 6.53 .
Change in Shift’ 0.12 0.32 ' 0.13 0.26 .0.l3 o.z:.“

CONCLUSIONS

Although we conclude that a complex is forming between the AlCly’
and the pyrroles, we cannot be sure of the site or sités. at which it
occurs, It might involve any of the electron-rich centers in the
molecule: the - pi ring system, or the nitrogen or oxygen‘molecules.
At any of these sites, the complex could increase ‘the  steric
hindrance of the 2-position and thus further promote 3-acylation.
This is supported by the fact that the bulkier benzoyl chloride shows
& greater percentage of 3-substitution than does acetyl chloride.
adico, the decreased regioselectivity of one-carbon acylatxons on 1
and 3 can be explained since the smaller electrophiles in these
reactions (especially that with oxalyl chloride) will be less
sterically hindered by such a complex and will have greater access to
the 2-position. We do believe that this AlCl; -pyrrole complex is an
integral factor in the regioselective 3-acylations of 1, 2, and 3 and
in the absence of this catalyst, more frontier-controlled behavior is
zxhibited by these pyrroles. Decreased .3-substitution is seen in the
acylation catalyzed with SnCly , in the initial nitration mixtures, in
all of the brominations with NBS, and even in the deuterxum exchange
reactions. :

PLANS FOR FUTURE IMVESTIGATIONS

The findings from thesze studies -open the door - to many new
investigations, 1) The exact site or sites at which complex
formation is occurring and the extent of the electronic interaction
between .the pyrrole and the AlCl3 could be studied and. compared to
other such complexes (Albert, 1968). 2) Since 3 is quite 'volatile,
it might be feasible to attempt gas phase substitution-experiments on
ft, which could be related to  the work done on pyrrole .itself
{Speranza, 1981). Such data could also he used to see how well the
MO. calculations predict the degree of charge-controlled behavior. 3)
Finally, the effects of the solvent on these reactions could be more
systematically studied. Although various unreported
deuterium~exchange solvents were tried in this 'research, no
somprehensive study of solvent effect was made in terms of -sugh,
pavameters as dieclectric constants. :
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COLOR DISCRIMINATION IN FISH ANALYZED USING
CLASSICAL CONDITIONING

by Claire de Saussure
ARSTRACT

In thxs project, I conducted experiments using classical
candltlonlng to 1investigate color discrimination in fish. Colored
Light and electrical shock were used as the’ conditioned stimulus and
unconditioned -stimulus, respectively. The: response was change in
ventilation rate. The results of conditioning of" four - Swordtails
afiphophorUS helleri) are presented. No conclusions were reached
concerning ability to discriminate color, because learnlng was not
achieved due to habituation of the fish to the unconditioned stimulus
(UCS). It was determlned that the fish percelved the colored llght.

INTRODUCTION

Classical conditioning can be a wuseful tool in determining
sensory capabilities in certain animals. The goal of this experiment
was to determine if certain types of fish have <color vision ‘using

classical conditioning. Color vision may be more ecologically
important in some kinds of fish than others. Perhaps for colorful,
tervitorial fish, it would be more adaptive to be able to distinguish
color than for schooling fish, because color patterns on some fish
are st1mu11 ‘for mating or terrltorlal responses,

Another type of conditlonlng,‘ instrumental, has "been used
successfully in previous experiments to indicate color discrimination
in‘goldfish-(uuntz;,1966). ‘Classical conditioning has also been used

nrceszully in mullet, with visual and auditory stimuli and an
increase in respiration rate as the observed response (Denny, 1970).

It classlcal condltlonxng could be used successfully to
determine color discrimination ‘in fish, it would be a relatively
gimple and reliable quantitative method. This project was an attempt
to accomplish this. o ‘ . .

MATERIALS AND METHODS

, The method of classical conditioning involves an unconditioned
stimulus (ucs), which elicits a consistent and detectable
unconditioned response (UCR). The conditioned stimulus (CS) does not
originally elicit a significant response. When the CS is presented
consistently in association with the UCS, the association is learned
and a response is elicited by the CS only. The conditioned response
{CR}) should be similar to the UCR.

Claire de Saussure 1is a senior Biology major . from Oak Ridge,:
Tannessee.
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I used mild electrical shock as the UCS. This was a single
nulse across .two wire electrodes in the water with .the fish, The
pulse was producad by a Grass Stimulator and ranged from 8 to 95

volts, depending on what elicited a response (change in ventilation

cate}, Because .the electrodes were not placed directly on the fish,
the actual amount of electricity affecting the fish was less. I
assumed it to be related to the value given by the stimulator.

The conditioned othUlUS was colored light. A long pass or band
pass filter .which transmitted only llght of certain wavelengths was
placed in front of a 150 watt flood lamp. Because the 1light source
used emitted light mostly in the red end of the visible spectrum, the
intensity of light transmitted through. the green and blue filters was
iower than for the red filter. The minimum distance used was 150 cm.
If the light was closer to the chamber, the electrodes picked up
static from it, which interfered with the recording of ventilation
rate. Hence fiiters which transmitted 1light of lower intensities
{green and blue) could not be placed close enough to the electrode

chamber to be of equal. *ntenslty to a red fllter placed 150 - cm from
‘the electrode chamber.’ o

In all of the erperiments, red light, of prlnc1pal wavé-length
635 'nm, "was used. . The light was presented for 10 seconds dlrectly

before the electrlc shock and turnem off lmmediately _following each
trlal,_ : T

The response of the fish was measured as the  change in
.ventilation rate. The ventilation rate was measured as the rate of
movements of the opercular flap covering the - gills (Keslery ' 1972).
tach fish was contained in an electrode chamber which allowed the
fish to move freely, but was censitive to opercular movements. The
electrodes were . stainless’ steel screens - which covered the
cross-sectional area of. the. chamber and were attached, by shielded
- ¢cable, to a preamplifier, amplifier, and a. strip chart recorder. The
fish's opercular movemsnts cazused a potential difference between the
two electrodes:- which was amplified and recorded on the strip chart
rzcorder (Kesler, 1972). The potential  difference caused by the
slectrical stimulus - vas also detected and recorded as an obvious
paak. A constant flow of oxygenated water was > maintained in the
chamber to prevent an effect o©f oxygen concentration change on
vwntilatlon ratew Changes in ventilation rate  were .determined by
ccuntinq the “number of peaks per 10 seconds before the CS {red
light), during the CSF and after the electr1ca1 shock.-

The electrode chamber, cowtalngng the fish, was ‘in a: separate
’eom, ‘with an overhead light on. , Stimuli were -presented and
sponses recorded from cut31de the room {see Figure 1).. This was
%equlred because. direct observation causes.variation in. ventilatlon
rate (Kesler, 1972; de Saussure, personal observatlon)..
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: ‘Figure 1 :
Schemat1c dlagram of experlmental apparatus
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Orlglnally, goldflsh (Carra51us' aurtus) were used ‘Because
prevlous studies indicated color vision in these fish (Muntz, 1966).
However, the irregularity of their ventilation rate -and A& increased
movement made it impossible to distinguish any effect of the stimulus
from random fluctuations in breathing patterns (see ‘Figure 2).
Swordtails . (Xiaboabarus belleri) were more acceptable for monitoring
of»ventilatlon rate because of their consistent base rate and
relatively little movement.

' Figure 2
N Phy51ograph trac1ng of base ventilatlon rate of goldfxsh

To see if conditioning could be successfully accomplished "with
this method, I 1n1t1ally attempted to condition a response to the red
iight only, with’ the intention of later introducing other colors.
The Swordtalls were conditioned and tested three times a week between
% and 9 p.m. - Inter-trial perlods were varied with all Swordtails to
avoid time = conditioning, 1i.e., learning to respond at certain tlme
intervals regardless of stimulus. S1f (female) was condltloned

three successive sessions of 1 hour each, with trials an average of
every 10 minutes. Shock pulses ranged from 6 to 1 volts as read on
the -'stimulator. Slm (male) was conditioned in four successive
sessions, two half hour sessions per night with an hour rest period
in between. Inter-trial periods averaged 5 minutes and UCS was 35- 40
volts. After two sessions, Slm died. S2m was conditioned seven
sessions in the same pattern as Slm, except that inter-trial periods
were lengthened to an average of 10 minutes on the 1last three
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sessions, and voltage used was 40-60 volts. Condltionlng of S2f was
2t tempted for one half hour session with no detectable UCR with up %o
35 volts., Variations in average inter-trial periods and lengths of
sessions were done in attempt to achieve successful conditioning.
Gther Swordtails were also tested for response to red light alone and
shock alone at different voltages.

" RESULTS

The test for unconditioned response elicited by the CS (red
light) showed interesting results (see Figure 3). There appeared to
‘be no change in ventilation rate in response to the light coming . on,
but an increase in ventilation rate and decrease in amplitude in
rasponse to -the 1light turning off. This also  occurred during
..conditioning. At times this made it difficult to determine the cause
of the response,. i.e., light going off or electrical shock. However,:
an increase in -ventilation "rate was also observed when the UCS
(electrical shock) was presented alone.

Flgure 3

Phy81ograph tracing of ventilation rate of swordtall
(Arrow indlcates where red 1ight is turned off)
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_N0n~parametr1c one-sample Wilcoxon signed—rank tests - of the null
hvpothesis, Ho: center=(, were performed on the data to determlne if

there were signxflcant differences in ventilation rates in response
to stlmuli.

: TABLE 1
‘ _ —values from Wilcoxon signed-rank tests
Note: Direction of variation from base rate indicated in parenthe51s
(+=greater than base rate, -=less than base rate).

_ Number of
Fish After light ) After shock = - trials
Fm (=T 0I3 ) 7000 *¥ —71

§2m B B 7 ¥ A i S EU R 39

57 S — 11 0T D
§3E T 061 7 " 138 g

* = p<.05 ** = pc.01  ? = .1>p>.05
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DISCUSSION

Various types of condltlonxng have been carrled out successfully
with different .kinds of fish, and using electric shock as an UCS
(Denny, 1970). I . did not £ind -any previous  work involving
conditioning of Swordtails. However, I - did observe. the swordtails to
exhibit a behavior described by Denny {(1970). In his study using
mullet, a light was used as the CS and electric shock as the UCS, and
the UCR was a frenetic dash toward the positive electrode. The CR he
observed was a slow withdrawal from the positive electrode. He was
able to obtain a 98 percent level of condltionlng within 70 trials,
and he  also observed a progressive increase in respiration rate
(Gpercular openlng) follow1ng the ucs, Lo Tt 2

It is’ now well establlshed ‘that most 59901es of fish,. espe01ally
teleost fish, have trichromatlc color vision (Denny, 1970; Reynolds,
1877). One of the main problems, however, in -testing for color
discrimination 1is accounting  for changes in intensity at different
wavelengths. This must be controlled in order to be sure that it is
the differences in wavelength and not intensity to which the fish is
responding. One experiment using operant conditioning of goldfish
successfully controlled for this variable (Muntz,1966). In Muntz's
experiment, the fish were trained to go toward one colored panel over
another to get food and continued to go to the correct panel even
when no food was glven. Varying degrees of intensity of the colored
panels were used in varying combinations. His results suggest that
goldfish have a predisposition to respond to a visual stimulus on the
basis of 1its' c¢olor rather than on the basis of. brightness (Muntz,
1966) . - S » S S E ’

It is necessary in <classical conditioning that the (S be
perceived by the fish, but that it is not aversive enough to elicit
an UCR. It was evident from Figure 3 that the Swordtails perceived
‘the red light. The response to the light being turned off is also an
‘interesting phenomenon. It could possibly be-a defense response to
the dimming of surroundlng light caused by a predatory fish overhead.
"This response could cause difficulty in the experiment if  the red
light going off was acting as a UCS to the fish rather than the
electric shock. However, tests performed with shock alone showed a
response to the shock, especially in the males. The greater
sensitlvity to,the shock in males could be due  to their generally
ﬂmaller size and larger surface area to volume ratio. '

4 The results, especxally from S2m, would seem to indicate that
ingstead of learning to respond to the C5, the fish were habituating
‘to the UCS. This can be seen by the extinction of the response and
an increase in ventilation rate following electric shock. As the
response began to diminish; an attempt was made to avert this problem
by increasing the voltage, but even at a very high voltage the
response continued to decline. ’ _

The results for Slm seemed to show more potential ~for learning
because the UCR was maintained, -although unfortunately this fish
died. I cannot conclude whether or not learning occurred, based on
these observations, because of the habituation to the UCS, which may’
.

S
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actually be- considered learning in itself, However, because of this

shortcoming in the’ experlmental method, no testing for dlscrlmination
was attempted.- -

Further attempts at investigatlng color vision in £fish wusing
classical conditioning may be more successful if- changes are made in
my procedure. Perhaps mullet could be used, since they have

' previously been conditioned using electrical stimulation (Denny,
1970). Some response other than change in ventilation rate may be
- more salient and could be measured using other methods. One’ poss1ble
method of observation would be a remotely-monitored video camera.
Also, since variations between individuals was so evident in this
experiment, a greater number would be necessary to obtain significant
results. However, even though the initial goal of this experiment
was' not -<achieved, I did demonstrate habituation 'to shock and
perception of the colored light. These observations may help further.

the exploration of fish physiology and behavior and the methodology
of classical conditioning. .
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TURBULENT EDDY FLUX MEASUREMENT USING A PRESSURE
PRI MODULATED RADEOMETER, AN OVERVIEW “

) by Scott Alan Bud21en
ABSTRACT et e e

Thls paper 1s based upon a Dlrected Inqu1xy performed durlng the
summer . of 1984 . under-.the direction of Dr.,: W.G. "~ Mankln at the .
National Center for Atmospher1c Research. = The ‘use . of  a pressure
m@dulated .‘gas cell as a selective modulator in a° radlometer will be
discussed. in relation- to turbulent eddy gas flus® measurement.,ﬂ The
feasibility . of .measuring ‘methane fluxes with’ “such &’ ‘filter'is
evaluated based. -upon simulated spectra calculated® on ca Cray computer
£rom, McClatchey spectral line:data.. -This paper is an excerpt from
the orlg1na1 fea51b111ty study, and it serves as an overv1ew of the
qumlltat1vefaspect@ of flux measurement,_~ ‘

L - e

FLUX MEASUREMENT

Until recently it had been thought that much of the variability
of atmospheric components was due to geosphere-atmosphere
interactions, - However, it . has ' —become apparent that
biosphere-atmosphere interactions play a much larger role than
previously anticipated, at least for certain gases. Both types of
interactions can be thought in terms of sources and sinks of gas in

the ground-atmosphere interface and gas fluxes across - surfaces
parullel “to the ground.. The. 1nten51t1es, locatlons, influences, and
- causes of ‘these’ soupces and ‘sinks - id " interest to atmospheric
chemistry. Turbulent eddy flux measurement can yxeld 1nformat10n
cancerning thelr 1ntens;tles .and. locatlons.-‘

i . . AT

Measurement : oE .gas .. fluxes “is Jkéij?tO}> 'undérstéhding
bimsphere-atmosphere ‘interactions. Several ' methods ' have been
employed in the study of such. fluxes. One of the simplest is’ the box
method, which- dnvolves: covering ‘a -patch ~of - ground w1th a 'box,

measuring the initial gas conuentratlon, letting it sit for a period
of: time,.>and . measuring the final gas concentration. Although this
method- has.the advantage. of slmp11c1ty,;1t perturbs the system it |is
meaguring by isolating the~iair the box from’ the rest of the
atmosphere. This suggests that there' might be -a more accurate
alternate method available.

TURBULENT EDDY FLUX MEASUREMENT

Turbulent eddy flux measurement is somewhat more complex than
the box method, but it perturbs the atmosphere very little. The
measurements involve determining the velocity and gas content of
parcels of air. The gas content can be found radiometrically, and
the velocities can be measured with a sonic anemometer. From these
data, instantaneous fluxes can be calculated and averaged to yield
the flux.

Secott Budzien i1s a senior Physics major from Memphis, Tennessee,
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1TMOSPHERIC TURBULENCE

It is well known from everyday experience that the atmosphere is
turbulent: the wind blows, thermal currents rise, weather systems
pass, etc. Obviously, this indicates several scales o¢f atmospheric
turbulence from the highly-localized to the glcbal. 1In essence,
there is a spectrum of turbulence sizes; in general, the higher the
turbulent eddies occur in the atmosphere, the larger they tend to be
(fig. 1la and 1b). :

In the case of turbulent eddy flux measurement, the turbulence
of interest occurs in the surface layer, a portion of the boundary
layer of the troposphere. The boundary ' layer is characterized by
large diurnal variations and eddy exchange. The vertical extent of
the boundary layer varies, depending on atmosphere~surface
interactions. Depending upon surface roughness, wind velocity, and
temperature, this may extend from a height of from a few hundred
meters to over a kilometer above the ground. 1In this layer the
effects of pressure gradient, the Coriolis force, and eddy viscosity
forces play an important role in circulation, compared to the
atmosphere above the tropopause (Mateev, 1967).

Within the boundary layer lies the surface layer. The surface
layer is defined as the region of the atmosphere where the
coefficient of turbulence increases with height under any condition.
This region typically extends to a height of 50 to 100 meters.
Turbulent eddy flux measurement is concerned only with the vertical
velocities of turbulence in the surface layer of the atmosphere,

The vertical wind velocxty in 'the boundary layer is given by

aul + avl

ETL T o

¥z
where W = vertical velocity vy = v /U
U = horizontal velocity X=X / L
L = horizontal scale -yl='y / L
H = vertical scale W= W / W
u,= u /U zy= z / H

u, v, and w are the x, y, and z components. of
the mean ve1001ty of air volume.

The quantltatlve details of this relationship are really of no
. concern 1in getting a general feel for vertical wind velocity. H
corresponds roughly to the height of the troposphere, the quantities
Uyr Viy X1s Y3y Yy %, and the bracketed terms are on the order of
unity, and U is general y about 10 m/s, so W depends mainly upon the
horizontal extent of the phenomenon, The characteristic horizontal
scale of turbulent eddies can vary from several centimeters to tens
of. hundreds of meters. These lengths correspond to the size of an
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area in which the velocity of air has the same direction, up or down
(Mateev, 1967). This characteristic 1length  is very important to
turbulent eddy gas flux measurement: its goal is to measure the gas
concentration and the vertical velocity of an individual parcel of
air and the characteristic length indicates the size of the parcel.

Since both size and velocity. can be associated with eddies, they
zan ~be thought of in terms of frequencies as well. High frequency
eddies of around 10 Hz occur near the ground, and lower frequencies,
say 1 Hz, occur a few meters up. The lowest frequency eddies have .
periods of about 20 mlnutesa and are of the size associated with &
cloud. . » : V|T= '

Generaliy, turbulence- comes in groups - of eddies -containing a
full range ©of. ' characteristic frequencies. -When 'making flux
measurements, the highest frequency eddy must be sampled at the
Nyquist frequency, twice the characteristic frequency of the eddy.
in order to make measurements over a sufficient portion of the
.frequency spectrum, the sampling time should correspond to the period
of the largest eddy of interest. Thus to make '“measurements on one

group of turbulent edd1es, the measurement. txme needs to be about 20
,mlnutes.

ATMOSPHERIC METHANE

Methane is a: minor ccnstltuent of the atmosphere with a mixing
"ratio of approx1mate1y 1.6 parts per million. It is a fairly stable
gas, produced in biological processes. Its major source is decay in
wet environments, such as swamps, marshes, and paddy fields. The
sinks of methane are for the most part unknown; it may be "destroyed
biologically or oxidized (Iribarne, 1980). ’

Infrared spectroscopy confirms chemists®' classical tetrahedral
model of the molecule, The molecule is a spherical top and is
therefore highly degenerate.” Only two of the fundamental vibration
modes are allowed due to symmetry considerations: the vy and vy

bands, centered at 3019 and 1306 cmlrespectively (Goody, 1964). For

the purposes of this study, the v3 band is of primary interest.

'MEASURING FLUX

Consxder a locallzed region of the ground-atmosphere interface
- {fig. 2a and 2b). Naturally, there is a considerable amount of
c¢irculation and turbulence over the interface. Note an individual
parcel of air as it circulates with respect to the flux surface S.
In this feasibility study the gas of interest is methane. If S is a
methane source, then the downward travellng parcels will contain less
methane than the upward travelxng ones. -'On the other hand, if a sink
lies beneath S, then the rising parcels will contain less methane
than the descending. parcels.
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Nearly every quantlty can be expressed as the sum of a mean and .
a deviation:  x' = ¥ + x'. In flux measurement it is convenient to

use this scheme to express vextical wind velocity and ‘concentrations.
Hence .

W= Wt and c=¢+ ¢

where w is vertical wind velocity and ¢ is the methane concentration.
Note that W, the mean vertical wind, is zero (i.e. no wind coming
out of the ground), and that ¢, the mean concentration, has _a
definite value greater than zero, equivalent to approximately 1.6
ppm. In measuring flux, w' and c' are determined. The product w'c’
is the amount of material moving up or down at any glven tlme, and
the time average of these values <w'c'> is the flux. -

For investigations of surface fluxes the time resolution of the
instrument must be on the order of a few Hertz and the period of
integration should be about 20 minutes. This sampling procedure is

sufficient to sample the full range of boundary layer turbulence
(Delaney et. al., undated).

Another consideracion in mgklng flux determlnatlons 'is the . area
from which the flux information is actually coming. This will depend
upon the average horizontal wind velocity and the vertical position
of the instrument (fig. 3a, 3b, and 3c). When the horizontal wind
speed is high or the instrument is well above the ground, the sampled
area 1is far from the instrument and large. The reason for this is
that the concentraticn information is being blown downwind to the
instrument, Depending on the speed of any given gust, the data
corresponds to slightly different sampling points. 1In this way the

wind distribution can be directly correlated with the sampling
loccation distribution (fig. 4).

INSTRUMENT DESIGHM -AMD FUNCTION

To perform £flux measurements conveniently, an instrument

~positioned a couple of meters off of the ground is desirable. Being

close to the ground means that the turbulence measured will be
generally small and fest. This means that the instrument must have a
small characteristic length, and be able to make fast measurements.
This also implies  that the sampled area will be fairly close and
small, assuming a moderate wind speed.

The length of the sampling cell must be on the order of the size
of the smallest turbulent eddies. Since w' and c¢' need to be
measured for each tuvbulient eddy passing through the cell, if the
cell is too long, two or more eddies might be measured at once. In
this case rather than finding w'c’ for each eddy, a space average of
¢’ "would be meaQLred, while w' would be found for only one of the
eddies. Obviously, w'c' in this case is simply not the flux -of a

single eddy, or even an acceptable approxlmatlon.

The concentrations are found by computlng the molecule number
density based upon the transmission of the gas in the cell. The =~
absorption cell could bz a Pfund cell or a White cell, depending .on
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FIGURB 3c. This flgure depicts a typicel sampling area. The
nuﬁbars on the curves indlcate.the percentages of sampling in-
formation originating from the area insldy the curve, Thué,

due to the wind speed distributton, 50% of the dats originated
in the smallest region, while 90% of the dats originated in the
largest region. Note thut 100% of the date originated im the
dashed curve, uhich extends from the Instrument to fnfinity, in
order to take into sccount wind speeds from 0 to an infinite

nurber of meters per sacond, {7]
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the 1ine intensities and the concentration of the absorbing gas of
interest. (Since the cell length must be fixed to the characteristic

size of. the turbulence, the only way to get increased absorption is
to increase the number of reflections.)

The instrument consists of. Na globar Isourée,v:the _atmospheric.
absorption  cell, the pressure modulated c¢ell,-a-filter,”a condensing
lens, and the detector (fig. 5). Radiation 1is produced by the
globar, partially absorbed. by -the atmospheric-cell,- further absorbed
by the pressure modulated cell, passed through the.filter to_ isolate
the spectral region of interest, and focused onto the detector by a
collecting. lens. Then . the signal is amplified, -and the power
reaching’ the detector can be found. Knowing the source function of
the globar ‘and the -detected power, the absorption within. the
atmospheric cell can be computed, and from that the methane

concentration in the sampling cell, . This 1is then -correlated with
velocity measurementa to yield the flux.

.
-

THE PRESSURE MODULATED RADIOMETER

‘The pressure modulated radiometer is an instrument that uses 'a
gas "cell whose pressure is being varied in.time. The cell is filled
With the atmospheric gas being measured. . As the pressure is varied,
the "transmittance of the cell changes, so that the radiation passing
through-the cell onto the detector is modulated. Hence, the signal
may be amplified by an a.c. system. But more importantly than that,

the ‘only portions of the spectrum being modulated are the places: at

which absorption lines occur for the gas being studied. ~So, ideally,

the a.c. system only "sées™ those absorption lines, and’ ' the - output
reflects only the concentration of the absorbing gas. -

P

‘é:»ETEc__cgaz ‘c‘.oltjéf’c;ﬁn(, PREssuRc o '(pFuND) AT SPHERLC
. . pubutAted sAm?uNé C-ELL-
i 1 ' - . o _ GLOBAR-_~

. . , ) ';‘, &JME .
FIGURE §. THE TURBULENT EDDY FLUX MBASUREMENT SYSTEM - b '
USING A PRESSURE MODULATED RADIOMETER.
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A DIURNAL AND SEASONAL INSECT SURVEY
4 | 'by Richard Samuels
ABSTRACT
A diurnal and seasonal sweep net survey of the insect pﬁpulation o
‘of a cow-grazed pasture in southern Mississippi was . performed. Three
diurnal- ‘sweep- net trials were made. Each trial consisted of five

sweep ‘net collectlons (with three samples per: collectlon) per- 24
hours. ' The seasonal survey consisted of collections 'on five dates

- from June -9 to August 10, Ninety-nine percent;-bf- the insect
community (by number of individuals) consisted ©0f six orders:
Orthoptera, - Hemiptera, . Homoptera, Coleoptera, = Diptera, = and

ymenoptera° .Many spiders (Class Arachnida, Order Araneida)  were
also captured. The Orthoptera, Coleoptera, Diptera, Hymenoptera, and
Araneida showed circadian behavior. Generally, activity was. low  at
06:00; moderate at 11:00, low at 15:20, and highest at 20:30. The
seasonal survey revealed changing population size of:.the. Orthoptera,
Coleoptera, Hemiptera, Homoptera, and Diptera. :The: changing
population size was attributed to changing grass. height and p0551ble'
seasonal reproductive cycles. ‘

;INMRODUCTION

Thls experlment was a sweep net survey’ ‘with two object1ves. The
irst “objective was ‘to =record which orders of insects inhabited a .
“section of pasture land near Wwiggins, a town in the’ southern tip - of
Mississippi. - The second objective was to record changes in the
numbers of insects in each order over three 24-hour periods and over
the summer months from early June to middle August.

There are'many methods for capturing 1nsects= the - sweep . net,
“suction, pitfall trap, dry funnel, and photo-electric methods.
: Auchennoérrhyncha :{1982) found that the pitfall trap complements  the
‘gweep met by capturlng individuals of certain sexes and ages that the
:sweep net often misses. Tormala (1982) found that the suction method
‘was’ * the - ‘most effective method (74-100%) for capturing all .orders of
insects.  However, because of the ease of handl1ng and minor expense,
the sweep net alone was used, and 1naccurac1es with its use were
‘expected. s Pd :

‘Basically, the ‘sweep net works on the premlse that, Since most
: insects - are phytophagous (Borror, 1976), the activity of individuals
‘in an order is directly proportional to "the . numbers of insects
* feeding on the @available vegetation. Inactive, nonfeeding insects
" may be on the ground or on low portions of stems in .order to evade
‘preédators or - heéat; or both; these insects would be out of the range .
of the net. Active, feeding insects might seek the leaves.and tender
stems. Because most of this vegetatlon is high enough above the
;*ground to be ‘in the ‘range of the sweep net, more. 1ndiv1duals would be

Richard Samuels S'fa 'juniOrv Bioldgy .majdfi;from._Newu.EOrleans,
“fL0u151ana. o ’:' oo o B L S L .
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captured when the insects are active (feeding) than when inactive,
Thus, by recording the numbers of insects captured at regular
intervals over a 24-hour {(diurnal) period, circadian cycles in insect -
abundance may be noticed.

Obviously, both population size and activity will affect the

"number of insects captured. One does not expect population size to
"change greatly .over 24 hours; any changes in the numbers of

individuals - captured “~should ' reflect changes in the location of the

‘insects on the vegetation'and not changes in -the actual number of

insects in the field. - However, over three months, population sizes
could change greatly, and thus changes recorded over this length of
time may not K result from a circadian cycle. When only comparing data
collected on d;fferant days at the same time of day, any changes in
the numbers of insects collected per order should be due to changing
population size over time or changing act1v1ty due. to varying
temperature and. not to changing actxvxty due to a circadian cycle.

MATERIALS AND METHODS -

A, Study’Area

A 45x25 meter rectangular section of pasture land near Wiggins,
Mississippi, was sampled. The land was moderately grazed by cows but
otherwise -undisturbed. Three parallel, 45 meter paths were marked at
each end with stakes. Each path was separated by 8 meters so that a
collection on one path would not disturb the others. Native
centipede grass, bahea grass, and various weeds covered the plot. .

B. General Outline:

In the diurnal study, the insect populatloﬁ changes over a.
24-hour period. were recorded in three. trials: on July 3, July 13,

~and July 20. . On each of these dates, a sweep .net collection

(consisting of three separate samgles per collectxon) was performed

- every 4 hours 50 minutes for 24 hours. Because .sunset varies
-slightly (approximately 45 minutes) from . June through August and

insects react to the position of the sun (Borror et al., 1976), these

times can be translated into circadian time (based on sunset) only to
"+ 45 minutes. The total number of insects in each order from each

collection was plotted against time of day; the number of insects was
plotted both absolutely and relatively by the percent -maximum.
One~way variance tests were performed to compare the data of each
order for each day; the probability (p) values were recorded. The
coefficients of wvariation [(standard deviation of the samples/the
mean of the samples)x100] were calculated for each collection. to

. compare the collection mean to the individual samples in order to

determlne the consistency of the samples.

In the seasonal study, changes in the numbers of individuals per

" order collected at three times of the day (05:45, 15:15, and 20:10)

on five dates from June 9 to August 10 were recorded. The results
from the three 24~hour trials, as well as data from two other dates
{Juhe 9 and August 10) were used. Only data collected at the  same
time of day were compared. The total number of insects in each order
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arnd of all insects grouped together was plotted against the date of
collection. The: total number of insects 1in each order was also
plotted against the temperature at collection; the total number was
plotted  both absolutely and relatively by the percent maximum.
One-way variance tests were performed to compare the data . of each

order of one time of day over the five dates; the p values of these . .

tests are recorded in Table 3. The coefficients of variance were
calculated for each collection (Table 4). :

C. Method of Collection :

_Bach collection " of insects was composed of  three separate
samples, one sample collected per path. Thus, thrée killjars were
required. 'Ethyl acetate killjars were prepared according to a
procedure described by Borror (1976).

Immediately before'each collection, one killjar was placed at
the -north end of each_ path. The first sample was started at the’
south end of the path and performed by slowly walking northward while
making 80 consecutive .sweeps with the net. Approximately two sweeps
‘were made per meter. A sweep consisted of one short rapid stroke per

steg the rim of the net travelled as low to the ground as possible
without being grossly impeded by the ground or hick vegetation.

After the 80th sweep, the insects were transferred - into the
appropriate killjar. To do this, the net was swished three more
times above the vegetation to force the insects farther back into the
net. The killjar was then opened, the insects were emptied into it,

and the 1lid was quickly replaced. The next two samples were
- collected in the same manner.

The killjars were alloﬁed to remain closed for 20 minutes. . If
there had not been enough ethyl acetate in the jars to kill the
insects, then the jar was placed in a freezer for a few minutes.

After ‘the insects were dead, the vegetation '~ accidentally
collected in the net was removed, the insects were divided into
orders, and the numbers in each order were recorded. In. addition,
all spiders caught were classified together, counted, and recorded.
If the order to which a type of insect belonged could: not be

identified, a few of the individuals were preserved in 70% ethanol to
be identified later.
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RESULTS

gwatez In Figures 1, 2, and 3, dark segments above the x-axis
indicate hours of darkness.)
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FIG._ 2: Insect Abundance (by Order) x Time
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TABLE 3

t P Values from One-Way Varlance Tests of

B8eascnal Trials

TIME 06100 15120 20130 'AVERAGE
ORDER : : \
: L
T.Orthoptera. 0.036 0.013 0.004 0.018
Hemiptera 0.086 0.011 $.010 0.036
Homoptera " 0.000 0,008 0.000 - 0,003
Coleoptera. 0.002 .0.002 0.316 0.107
piptera . 0.000 0.000 0.000 0.000
Hymenoptera | 0,403 0.518 0.099 0.340
Araneida 0.444 0.109 0.958 0.508
AVERAGE 0.139 . | 0.094 0.198 .
COeffiqlents of Variation f{x (+range)l of

Table 43 .

Seasonal Trials

_ TIME 06100 15120 20130 -“ AVERAGE

ORDER

Orthoptera 35.5 (11.8) 31,9 (30.7) 20,0 (12.4) 29.1
iemiptera 45.7 {15.9) 70.8 (36.6) 68,9 (51.9) 61.8
_uomOpteré' 36.0 (43.5) 34.5/(13;0) 39.7 (33.3) 36,7
Coleoptera 41.8 (41.7) 53.3 (34.9) 27.1 (25.4) 40.7
piptera 39.0 (37.9) 51.0 (82.1) .| 31.6 (26.7) 40.5
uymenopteza' 58,0 (31.2) 102, (31.2) 48.1 (43.6) 69.4
Araneida 43,7 (18.1) 40.9 (26.4) 41.9 (35.1) 42.2
AVERAGE 42.8 54.9 39.6
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TABLE S: Approximate Relative .
' Grass Height ‘

HIOHMI GNDIH MCH-IDIMD

. DATE

DISCUSSION e o

A.‘JGenéral'Observations S

Although a casual walk over the pasture revealed little insect
activity, a few sweeps of the net showed that the field was teeming
with insect life. Ninety-nine percent of all, insects collected were
in one of the following orders: Orthoptera (grasshoppers and .
crickets), Hemiptera (true bugs), Homoptera (hoppers), <Coleoptera
(beetles), Dipnera (true f£lies), and Hymenoptera (ants, wasps, and
bees). Many spiders (class Arachnida, order Araneida) were 'also
collected. In _all 27 collections, less than ten insects were
captured in each of .two other orders, Odonata (dragonflies and
damselflies) and Lepidoptera (butterflies and moths) thus data for

‘these orders were too sparse to be included .in “the. graphs. Almost

all . hymenopterans captured were ants. All data collected on insect
abundance were recorded in terms of numbers of - insects per .order

" rather than biomass per order; thus 600 small gnats (dipterans) would

seem more significant than 50 orthopterans. By rough estimation,
orthopterans consistently .occupied the most biomass. in a collection

while coleopterans usually occupied the second highest biomass.
A
B. Diurnal Surveys

The activ1tygo£jmahy~inse¢£s follows a . GEUrnai or circadian

cycle. For - instance, many insects are actlve during the day and

inactive during the night. ' This rhythmic behavior {is mostly
dontrolled_by the sun. However, because certain insects continue the
circadian cycle for a while when placed in continuous 1light or
darkness, some physiological factors must be responsible for the
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behavior as well (Borror et al., 1976).

Insect activity is also affected by temperature. Because the
insect 1s poikilothermic - or cold-blooded, its ‘internal temperature
drops as the environmental temperature drops. Consequently, the
insect's physiological processes are slowed (Borror, 1976). High
temperatures- can also reduce the activity of an insect. Because the
insect has a large surface area to volume ratio, there 1is a
:elatlvely large area for water loss through the exoskeleton. In
addition, the waterproof nature of the lipid (wax) .covering of the
axoskelton can be reduced in high temperatures. Insects threatened
with water loss might -seek refuge from the sun by staylng in the
shade of vegetatlon close ‘to the ground and thus be out of range of
the sweep net.  Because the changing temperature and. -light cycle are
closely related, it is difficult to determine whether: diurnal
activity cycles are due to light | r temperature .or both. The
eemperature changes over the 24-hour perlods followed this pattern:
- beginning at dawn,‘ the temperature” increasged- until approx1mate1y

15:20; then it decreased through dusk and nlght untxl’dawn, when it
hegan to rlse agaln.. ' e . : :

Finally, fluctuatlons in 1nsect act1v1ty refleét the need to
elude predators. Insects may remain low to the ground during

daylight to avoid capture by predators, such as birds, who locate
prey by sight. During dusk and night, periods of low visibility, the
insects may be able to safely feed higher up on the vegetation..

- Upon examining the changes in the "number of insects captured"
{I.C,) of all orders grouped together, it is obvious that activity
varies accordlng to some 01rcad1an pattern (Fig. 1). . .The general
pattern” is 1) a decrease in " I.C. from dusk (20 30) untll dawn
{06:00), 2) little change in 1.C.~ from dawn to . 15:20, and 3)
'lncrease in I.C: at dusk (20:30). ' L B

~0:thopterans,“ coleopterans, hymencpterens, and araneldans
exhibited similar activity patterns (Flg. 2. and Fig. = 3). "The
oeneral pattern, beginriing at 20:30, ‘was 1) a large decrease in I, C.
until a minimum was reached at: ‘dawn; 2} ‘a smaller decrease’ or 'slight
increase in I.C. . until 11:00; 3) a larger décrease in I, C.,' until
15:20;  and 4) a 1arge increase ‘in I. C.' to a maximum at dusk The
}arp decrease in I.C. durlng the- nlght “could be explalned “by a
ﬁetrease in act1v1ty due’to the drop in temperature. (From 01 Go to
'06:00 in Trial 3, the I.C. of Orthoptera. remained falrly constant
and” the 1.C. of Hymeneptera actually 1ncreased p0331ble reasens for
these ‘irregularities are not known ) The smaller decrease. slight-
increase from 06:00 to 11:00 may have' indicated that the 1nseets were
somewhat more able to feed at the temperatures (75-85 deg. " F) of
this period.. From 11:20 to 15:20, the sharp decrease in I.C. may
have indicated that the insects need shade at the hottest part of the
day. .Then, as the temperature fell to approximately: 80 .degs " F at
eunset, the I.C. inéreased to its. max1mum; at this time the insects
we$e most actlve at thelr presumed optlmal temperature.% S

T
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The dipterans, homopterans, and hemipterans exhibited different
activity patterns. The I.C. of Diptera reached a minimum at 01:00
{instead of 06:00), after which the 1I.C. increased slightly at
06:00. The I.C. then increased to a maximum at 11:00, decreased at
15:20, and lncreased greatly at 20: 30. Perhaps the 06:00 increase in
the I.C. ' was due to  some advantage that sucking insects (like
dipterans) have in dew-covered grass. The afternocn increases in
I.C. ~ at 11:00 may have been due to the fact that the. temperature of
flight muscles must be maintained above a certain point in .order to
function optimally; an . increase to an optimum temperature may have='
brought more insects into the range of the net. . :

A ‘circadian pattern was not discernable for Homoptera and
Hemiptera.  The I.C.s of Homoptera alternately rose and fell at each:
oollectlon, with an . overall tendency to increase from dawn to dusk.

tThe I.C. S of Hemiptera remained falrly constant throughOut the trial.

. The.one-way analysis of variance of the diurnal surveys (Table
1) 'measures by a standard method the probablity (to a 95% level of
confidence) that the I.C.s of different collections of the same order
are. ."not 'equal”; thus the one-way tests can tell if change in I.C.
occurred between collections. The probability (p) value must be less
than 0.05 to indicate a significant change.. Homoptera and Hemiptera
were the only orders that had p values greater than 0.05 in all three
trials, indicating that the I.C.s. of this order remained fairly
constant, as mentioned above. , L :

The coefficients of variation (c.v.) of the collections were

" approximately the same, except for those of the hemipteran and

hymenopteran .collections. The c.v.s of these orders were the
highest, showing that variability among the samples of these orders
was greatest. The population of ants (hymenopterans) tend to be
highest around their nests. Thus, a net sweep over a nest would pick:
up an unusually 1large number of ants. Hemipterans may also
concentrate in certain areas of the pasture. The orthopterans and
araneidans exhibited the smallest coefficients and thus the greatest
consistency between samples. The orthopterans and araneidans
probably spread out evenly over the pasture,

C. Seasonal Trials - C -

Because only collections taken at the same time of 'day' were
eompared, changes in I.C. of each order should not be the result of

“differences in activity due to a circadian cycle. Changes could be

caused by temperature contingent activity or by changes in population

size due to seasonal reproductive cycle or changlng grass height (a
variable. not accurately measured).

In Fig. 4, the I.C.s of all orders captured in a collection
were grouped together; thus the fluctuation in total insect abundance
was plotted against the date of collection. The .I.C.s varied
consistently for all three collection times (06:00, 15:20, and
20:30). There was little or no change in I.C. from June 6 to July
13. However, there was a marked increase in 1.C. for July 20 and
August 10. Although this marked increase c¢could be due to sone
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seasonal reproductive cycle, it seems more reasonable to attrlbute it
to changlng grass helght, as dlscussed below. '

The act1v1ty patterns of - Orthoptera, ' Homoptera, Hemiptera,
t@lﬂoptera, and Diptera’: can be attrlbuted both to a reproductlve
¢ycle and changlng -grass height.' An estimation of - relatlve grass
heights .over the seasonal trial is prov1ded in Table 5, Logically,
higher grass should - ‘provide food and protection for a 'greater
populatlon ‘of insects. The changlng abundance of Hemlptera séems to
approximately follow thel changes . grass “height. The’ changlng
abundance ' of - Orthopteéra = seems also " to correspoad to grass height
changes until the collection on August 10. On this ‘date, when -the
grass was hlghest, the I.C. of Orthoptera 1ncreased, but it did not
exceed the’ I.C. ‘on June 9 when the grass was shorter.', Perhaps on
August . 10, - the populatlon of - Orthoptera ‘is beq1nn1ng to decline
because of some reproductlve _cycle., The I.C.s of Coleoptera'
underwent changes similar to Orthoptera. ' The changes in the I.C.s of
Diptera and Homoptera generally also corresponded to changes in grass
helght except on the first collectlon, June 9. "The I.C.s. ‘of. both
orders were. greater on July 3 than on June 9, yet grass was hlgher .on
June 9," Perhaps a sedsonal populatlon 1ncrease had occurred between"
June 10 and July 3.7 : : » '

One—way varlance tests performed ‘on the seasonal data ‘showed
that" the 'I.C.s of Hymenoptera and Araneida. underwent no apparent

sxgan1cant changes (Table 3). Also, no obsérvable connectlons could

be discerned between the changes of the I.C. of any order and the
temperature of collectlon. . : . «

*° “As-"in’ the dlurnal samples, ‘the c.v.s of all 'of the “collections
wére ‘approx1mately “the’ same, except that the c.v.s of ‘the’ hemlpteranf
cotlections were “again somewhat greater than: most. Agaln, the: Co v.st
of the orthopteran collectlons were the smallest. C ‘
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THE ROLE OF MICROTUBULES IN THE CELLULASE SECRETION
: OF Trichoderma reesei

_ by Mérion Herndon
ABSTRACT

The filamentous fungi Trichoderma reeseli was tested for its
sensitivity to ° anti~-microtubular drugs in hopes of Eurther
understanding the role of microtubules in the secretion of cellulase.
The compounds nocodazole, IPC and griseofulvin were used to test for
microtubular sensitivity; a 2 M solution of nocodazole and a 200 M
solution of IPC were found to inhibit secretion by at least 50%.
Griseofulvin was found to have no effect.

INTRODUCTION.

In 1882, Sigmund Freud described longitudinal elements in the
living crayfish nerve fiber (Soifer, 1975). As the biological study
~of the cell continued, it became clear that microtubules could be
found in many areas of an organism. In the early 1930's, regulation
of cell growth and function was a guickly growing field. Colchicine,
a toxic alkaloid from Colchicum autumnale, seemed to stimulate cell
mitosis in germative tissue, therefore aiding the study of cell
division. = It was hypothesized though, in 1939, that colchicine
arrested division by destroying the fibrillar apparatus. In 1955, it
was stated that colchicine was a very specific inhibitor of cell
division and that the alkaloid attached to a particular component - of
the spindle fiber, This was confirmed again in 1965 using labeled
colchicine., 1In 1967, a colchicine~binding protein was isolated,
finding it to be abundant in nerve cells of the brain as well as in
dividing cells., On the basis of identical structure in higher and
lower plants and animals, this colchicine-binding protein was
determined as the structure of microtubules, which had been named in
1963. It was later suggested that the colchicine~binding site was a
subunit of the microtubule (Dustin, 1980). This subunit is now known
to be tubulin. ‘

Tubulin is often mistaken to be one protein but is rather made
up of .two subunits, alpha-{(a ) and beta-(8 ) tubulin, which are
globular molecules. The tubulins form dimers, and if present in high
enough concentration, they associate to form various intermediate
structures with a tube as the final product. The -formation of
microtubules from these subunits occurs in a region of both plant and
animal cells known as the microtubule organizing center (MTOC). An
MTOC appears to function as a focus for wmicrotubule growth and, in
fungi, it has been noted that they possess discrete structures at the
poles of the spindle apparatus known as the spindle pole structures,
and, in Ascomycetes, appear to be an integral part of the nuclear
envelop (Hepler and Palevitz, 1974). The control of an MTOC is due
\ tq an equilibrium process whereupon the subunits polymerize given the

; : .
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proper condltions;. This may infer proper pH, an optlmal level of
ions (most notably Mg**t and catt) or temperature (801fer, 1975) .

Mlcrotubules are a common cytoplasmlc feature of all eukaryotic
cells, They are invoived in “a.. variety of cellular processes
including chromosome movement, 0111ary and flagellar movements .and
the maintenance and development of ¢ell form. Of recent interest is
the role of microtubules in the release and/or movement of .stored
secretory products. Many theories have been presented in recent
years, but the relatlonshlp ‘between . secretory- .- granules ang-
microtubules has''yet to be solved,, ‘A very genelal hypothesis was
- made by Poisner and Bernsteln in 1971 which stated that . microtubules
casgist . in- the transport of secretory granules to the cell surface
+involving mechanlcal and chemical initiated . movement -and . that . the
final dlscharge - of the secretovy product was 'controlled. by
iicrotubules'.as well. HMicrotubules have .been shown - to: rregulate
membrane processes (Garraway ‘and Evans, 1984). In support of Poisner
andg Bernstein's theory, Richard Allen proved . that
vesicle-to-microtubule binding exists and that the binding appears to
be of a.fllamentous material rather than discrete brldges s (Allen,
-1975). {Discrete brldqe binding was. the general theory in-the. early

-1970°'s.) Addltlonal ‘evidence for the .role of microtubules in: the
movement ~ of = ‘membrane~bounded vesicles . comes . from - the uSe of

mlcrotubule~act1ve .agents such as colch1c1ne, Another example is the
drug - ‘oncodazole . or nocodazole,v, benzimidazole 2<yl carbamate
Funglc1de, which blnds to the, colch1c1ne binding: site of: ' mammalian-
tubulin, - but has varV1ng effects -in ‘fungi (Heath, 1978)." ‘Another
" group of drugs which effects microtubule- systems . are. the* phenyl
carbamates of which  IPC is a member. - IPC Teleases Cafﬁ‘from plant
mitochondria (Gunnlng .and Hardham, - 1982), mentioned. . .above as
essential 'to tubulin polymerl/zatlon° Griseofulvin, .a Penicillim
nroduct, may also have antimitotic colchicine-like effects “‘but . also
works "in other wajs whlch are not antlmlcrotubule in. nature (Heath,
1978 Turner, 1971} . - z - :

‘The uae of mlcrotubule"lnhlbltors is 1mportant because many
) o*ganlsme secrete substances which-can be monltored, and if they are
densitive to substances ‘such as colchicine, we can then theorize the
‘wechanism of the organism's secretion. The filamentous fungus
Trichoderma ressei is one such organism, and its secretion of
wellulase . is of great .industrial importance. However, the mechanism
by which thls happens still remains unclear. Therefore, the primary
- goal of" this directed. inquiry -was to expose. the. fungus to
'antimlcrotubule agents and. note any. effect the. compound had uyon the
“ﬂeeretlon of cehulase° . _ _ 5 O . o '

x*?ATER_‘IA{JS‘AND, Memoas_ JP S N
. ‘'Spore Culture: A'{cuiture of Trichoderma reesei. .QM6a (ATCC
13631), was maintained .on .slants of potato .dextrose.agar (PDA).
‘Celtures were. grown. at 25 C unéer constant fluorescent 1llum1natlon.

Mealum° The medlum used was a. modlflcatlon of” that 'used by
Mandels and Reese {1957} ‘and included the following: 1.4 g (NH )5 50y
0.3 g urea, 14.7 ml of (.2% KﬂzPO : 2. 4 ml of 0 03% MgSO H, O, %
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ml of 0.3% CaClz, 0.005 g of FeSO4, and 1 ml of 0.012 M ZnCl,. This
was mixed with one liter of distilled water. One gram of glucose was
added if the medium was to be used for growth (MRG) or 0.34 g of
iactose was added if the medium was to induce secretion of’ mycellum
{MRL). The pH of the medium in either case was adjusted to 5.3 using

0.1 M NaOH. This was autoclaved (except for a whlte precipitate) and
&tored for later use. :

Growth of mycelium: Prior to inoculating. growth medium (NRG), a
spore suspension was prepared by pouring 5 ml of sterile 0.1% Tween
80 over a seven day old slant of T. reesel and agitating the surface
of the slant with - sterile glass rod. The suspension was
transferred to 25 ml of sterile 0.1% Tween 80, and a one ml sample
was aseptically . transferred to a hemacytometer for spore cognting.
The standard aseptic inoculation of spores in MRS was 7.5 x 10®spores
per 500 ml of growth medium, each 500 ml volume of MRG being in a one
liter Erlenmyer flask. These cultures were incubated in a New
Brunswick Environmental Shaker (reciprocal) at 29°C, 100 rpm, under
constant fluorescent illumination.

Induction: Mycelia from forty—eight hour old MRG;cultures were
harvested by filtration over miracloth, washed with an equal volume
of distilled water and weighed, The standard . inoculation for
induction was 1 g of mycelium (wet weight) per 100 ml of MRL
contained in 250 ml - flasks. These were incubated in the New

Brunswick Environmental Shaker at 29 C, under constant fluorescent
illumination. . - ,

Sampling: Three ml samples - were - removed from. cultures at
intervals, usually  about seven hours after induction. These were
assayed for cellulase activity after being centrifuged at 2400 rpm in

an IEC clinical centrifuge for 30 seconds, and the mycelium-free
medium was decanted. - : '

Cellulase Assay: A viscometric assay specific for endocellulase
activity was used. The substrate consisted of 1.2% carboxymethyl
cellulose (CMC) in 0.018 M citrate-NaOH buffer, pH 5.0, made in
0.05K% in merthiolate, Five ml CMC in a size "300" Ostwald-Fenske
viscometer was equilibrated at 30 C in water bath for 15 minutes.
Once activity was noted, 1 ml of decanted sample was added, the
solution was mixed for 10 seconds, and an initial flow rate (t=0) was
measured. The flow rate was measured again at 30 minutes, and fresh

samples taken once more after the initial reading (t=0).

Enzyme units were expressed as an increase ‘in relative fluidity
x 1000, ,

1
A
—_ ) & 1000
At -
l t -t
where np = specific viscosity= :

0

t, = flow time - of water as a reference to liquid
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in Experiment A, 100, - 200, and BOOMM solutions of IPQ were made

u&xng 10 "w4. stock. The appropriate weight of IPC was mixed with one
ml of DMSO and diluted slowly with distilled water to achieve a stock

sciution, Each group of mycelia had a final concentration of 1%
1%:}0- s ‘

In Experlment B, 0»3, 2, add SQM soiﬁtions of - nocodazole were

made . using SOOuM stock. The: ‘compound was. weighed and mixed with ten-

6l DMSO,; Each group of mycelia had a flnal concentratlon of 1% DMSO.

' In Experiment C, 20, 50, and 100 pM solutlons of griseofulv1n
wore . made,, the substance was dzssolved in dcetone and the- Elqal

“wﬂcnntration 1n all: trials was . l%.
BE ULT? . | |

Graphical results of the experiments are at the end of .the
discussion. . - ‘Graph A shows IPC clearly has an inhibitory effect‘upon

secretion; however, -it is noted that a 100 M concentration is not

atrong enough to. glve 6951red 1nhibit10n.f'

1

Graph B of nocodazole expresses the éupreséing _éffect’ of . the
d;ug in seemlngly -small . concentrations. - ~The 'greater the

concentration, the smaller the activity for cellulase secretion:® =

Graph C without a doubt states griseofulvin had no effecti: - As

wall,. it .-seems apparent that us1ng acetone as a- solvent had little,
if any, effect.z Coen s D ‘ :

L gy
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DISCUSSION

The graph of IPC shows relatlvely llttle 1nh1b1t10n of IOOHM IPC
while increased concentration certainly curtailed secretion.- IPC has
been shown to be antimicrotubular in algae and induces abnormalities
of <cell division in higher plant and animal cells. However, larger
concentrations have been used in the past. A ten millimolar
concentration was used by Gull and Trinci in 1973. They found that
IPC produced an array of cells arrested at metaphase but that a
number of multinucleate cells were produced. This infers that IPC
caused disorganization of spindle microtubules in the dividing cell
Basidiobolus ranavum and therefore decreased the growth rate of the
colony. However, since the growth rate of Trichoderma was not
observed, .such an assumption cannot be made. It has been noted that
IPC causes the release of calcium from mitochondrial stores. If this
is in fact true, then it seems that secretion would have been
repressed linearly. At this point in time, I am unaware as to the
mechanism of IPC. Since the fungus was able to build up calcium
stor€s during growth and had extracellular calcium available at the
time of induction, it might be that the fungus was able to withstand
a slight depletion of its stored calcium in the presence of 100mM
concentration of IPC. It would have been interesting to note the
effects of concentrations of IPC in the presence of added calcium to
see if stores of the ion could be replenished or. at least
equilibrated. It might be added that a prior experiment was
performed wusing 2.5, 5, and 10uM concentrations and no effect was
seen, T S o B

An analysis of variance was performed in order to determine if
there were two or more data sets in which results. were synonymous.
This test showed that the absence of IPC and the 100#M concentration
portrayed no metabollc effect, whlch is what the graph shows as well.

The graph of nocodazole dlsplays 1nh1b1tlon of secretlon of
cellulase, correlating to some degree with concentration. Nocodazole
{oncodazole) has been shown to induce mitotic arrest in
chotyostellum, and inhibit growth in Aspergillus (Walker, 1981},
There 1s now increasing evidence that nocodazole has a mechanism of
action similar to MBC as it is a competitive inhibitor of colchicine
for the binding site on tubulin (Hoebeke, J et.al. 1976; Havercroft,
J., . et.al., 1981}, One micromolar concentrations gave almost
complete inhibition of microtubule formation, and while we cannot
weigh this experiment heavily because the variable was mammalian
tubulin, it can be noted.

Assembly of amoebal microtubule protein was almost "completely
inhibited wusing 2uM solution of nocodazole (Quinlan et. al., 1981),
and it was interesting that in this particular study, similar
micromolar concentrations of nocodazole were just as effective during
in vitro growth as in in vivo growth. Its inhibition does vary,
however, from organlqm to organism. Nocodazole affects ascomycetes
{of which Trichoderma is a member) but no oomycetes or zygomycetes
(Gunning and Hardham, 1982).

\
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If in fact nocodazole binds to tubulin, then this would prevent
alpha and beta tubulin from peolymerizing. Thus, microtubules would

not form in order to aid the movement and/or secretion of cellulase
vesxcles. . '

~ An analysis of variance was performed as well on the glven data
and merely reaffirmed graphical results that each concentration of
nocodazole had a unique and visible effect,

The results of an experiment using griseofulvin as a microtubule

inhibitor clearly shows that there was no inhibition. This certainly

agrees with some experimentation but is puzzling in 1light of other
results, ‘In 1960, it was noted that low dosgses of griseofulvin
produced a characteristic hyphal ‘distortion. It seemed that the
effect was due to the fact that the cell wall éonsisted of chitin
{Ainsworth and Sussman, 1965}). However, interesting results were
cbtained using the fungus Aspergillus nidulans. Griseofulvin was
shown to affect spindle functioning and selectivity interfere with
microtubule assembly but did not affect colchicine binding at 1000pM
concentrations (Davids and Flach, 1977). This might imply that
griseofulvin and colchicine do not compete for the same binding site,
and once colchicine has bound to tubulin, a conformational change
takes place covering up griseofulvin binding sites. Perhaps though,
that part of griseofulvin's activity 1is due to the proteins
associated with microtubules which control polymerization. 1£
griseofulvin's action is upon a microtubule component and not
tubulin, then it would explain the variability of effectiveness upon
different organisms; this may imply that organisms have microtubule
assoclated proteins unique to their genera or class. For the most
part, griseofulvin has been shown to be ineffective (Heath, 1978),
Another criteria to consider is that it has been reported that enzyme
degradation of griseofulvin has occurred in plants and mammals

(Heath, 1975).

The daté also shows that acetone had no real effect upon the

fungus, although a control against acetone should have been done in
order to rule out all possibilities.

An analysis of variance only reaffirmed by theory that

griseofulvin had no effect upon the cellulase secretion of
Trichoderma reesei. : .
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THE TEMPERATURE DEPENDENCE OF THE ABSTRACTION OF
BENZYLIC HYDROGEN BY BROMINE

by Jeff Wright
ABSTRACT

The abstraction "of benzylic  hydrogen from toluene and
4~chlorotoluene by molecular bromine has been studied at several-
temperatures. A plot of ln(kx/k) vs. 1/T yields a "two point"
isokinetic temperature of -31.0.C, The dependence of the relative
rates ‘on temperature as exgressed by the Arrhenius equatlon exhibits
excellent correlation ~ (r ) = .0.998) for the 5 points above the
1sokinet1c temperature, but exhibits a dramatic departure from
linearity below . the 1sok1nct1c temperature. The results also
indicate that our understanding ‘of the transition state in the usual
terms ' of - "polar effects" |is 1nadequate,_ rather the results. are
discussed in terms of entroplc contributions to the . free energy of
activation. The failure of the isokinetic relatlonship is discussed
in terms of enthe}pic vs. entropic control of the reaction.

INTRODUCTION

Substltuent effects in the homolytic .abstraction of hydrogen
from substituted toluenes have been widely studied (1,2).
Brominations using molecular bromine, as well - as. N-bromosuccinimide
{(NBS), have also been extensively studied (3,4,5,6). The results of
these studies, in conjunction with their correlation in Hammett-type
linear free energy relatlonshlps (7), have been given considerable
weight in interpretlng the nature of the transition state for - these
reactions, as well as for ‘hydrogen abstractions in other analogous
systems (1. The generally accepted reaction mechanism (40) 1s

k .
Br2—-—3--~> 2Br,~

"Br” '+ ca-. 'R = -cs'-x+ HBr . {eq. 1)
S -1 . : :

X ‘4 B

Br

281+ -—-—Ls Br

“The commonly held model for the transition state, as first~app1ied to

benzylic bromination by Russell (8), and summarized by Pryor (9),

involves charge separation in the abstraction step (eq 1),‘ involving .
three resonance structures (eqg.2). : ’ :

Jeff Wright is a senior Chemistfy mejor fromAPoplar Bluff, Missouriﬂ
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E:Ra noug_...x > Rai %—'—x > aamc»i@-x] eq.2

A variety~of evideﬁcevhas heen offeted to' SUpport‘ this. concept ‘of
partial separation - of "charges . in’ the. transition. atate, commonly
called the "polar effect"™. Unfortunately, only .limited studies- of
the  temperature -dependence - of this .reaction 'series have . been
performed (10,11,12). Preliminary results in the work of Gilliom, et
al., as well as the work of others (11), indicate that more.than the
polar effect” must be considered in understanding the behavior of
the toluene series towards hydrogen abstraction by bromine.,f :

A transition state involving charge 'aeparation was considered
because of the correlation (8) of competitive rate data for benzylic
hydrogen abstraction by a variety of radicals, {including bromine,
with both Hammett . aigma and Okamoto-Brown-sigma-plus substituent
constants (eq.3). - S . S C

loglo(k /k)'s pa. or PO f  "‘v(eg,§)_“

aespite some dispute (13 14}, ‘better ‘correlation |is generally
obtained with sigma-plus values (15). Since the sigma-plus constants
-are based on the’ SOIVQlysis of cumyl chlorides in 90% acetone (16),
which, ‘unambiguously - yield a’ carbonium ion intermediate, it was
reasoned that toluenes must also generate a positive charge at the
reaction center(a)r as indicated by structure II. To . agree with the
nﬁpirical data, polar canonical structures, such as ll., must
stablilize the transition state (17,18), resulting in a 1lower
activation energy, with a subsequent increase in reactivity. By this
reasoning electron withdrawing substitiuents, such as 4-chloro, will
decrease the stability of the incipient transition state relative. to
that of toluene, and thus react at a slower rate relative to toluene,
whereas electron donating substituents, e.g. 4~methoxy,_“exert the
opposite effect on the rate relative to toluene., This_ is what is
generally observed (3,4,5,6), so the polar effect model fits in well
with the data collected from a narrow range of temperatures. The
potential energy diagram, Figure 1, illustrates the "polar. effect” on
the anergy of activation for free radical abstractions (19)

The polar concept ‘was also strengthened by the" observation that'
negative rho values were observed for electrophilic radicals (17}°
These negative rho values for abstracting radicals which readily take .
on  negative ~charge were. taken as evidence for significant
contribution to the transition state by structure II. The sign and
magnitude of rho have thus been taken toc be a measure -of the
electrophilicity of the abstracting radical and of the extent of bond
breaking in the transition state (17 20). - . o
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Transition
State

—— p-Cl A

Potential
Energy

Reaction Coordinate
Figure 1. Evans-Polanyi diagram illustrating "polar effects."

As late as 1972, no positive rho values had been observed for
abstractions of hydrogen from substituted toluenes (21).
Furthermore, of the five radicals then extensively studied in
benzylic hydrogen abstractions (chlorine, bromine, trichloromethyl,
t-butoxy, and phenyl), the electron affinities closely paralleled the
absolute magnitude of rho(17). The electron affinities of these five
radicals are in the order

C1l*>Br*>t-C,Hg0" >C1,4C" >CHg* (22).

Taking the absolute magnitude of rho as a  measure of the polar
effect, vide supra, the order of sensitivity to the polar effect for
these radicals decreases in the order :

Br->c13c->c1!>t-c HgO+ >CHe® (17).

49 6

The inconsistencies of these values have been explained in terms of
the extent of bond breaking in the transition state (8,17) .

A novel viewpoint of this reaction was suggested in 1972 by
Zavitsas and Pinto (21). The observation that there was a linear
correlation between rho and H of reaction for toluenes with the five
radicals mentioned above led Zavitsas and Pinto to conclude that rho
is a function "only of the extent of bond breaking” (since H
reflects the extent of bond breaking by approximating the bond
diksociation energy (BDE) of the alpha-hydrogen) and that "charge
separation in the transition state either does not occur or is an
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unnecessary assumption” (21). Concurrent with this hypothesis is
that all values of rho must be negative, i.e., electron withdrawing
substituents will reduce the reactivity of toluene, whereas electron
donating substituents will enhance the reactivity, regardless of the
nature of the abstracting radical. Thus, the value of rho is
independent of the electrophilic nature.of the abstracting radical.
Figure 2 illustrates the BDE explanation and its effect on activation
energy.(19) : ’

'[Ra;ﬁ-Ar]

Potential
Energy

Ar-l + Ra’ "Ra-H + Ar*

"Reaction Coordinate

Figure 2. Evans-Polanyi diagram illustrating the BDE
hypothesis of Zavitsas and Pinto.(21)

h Y

The BDE hypothesis put forward by Zavitsas and Pinto has
generated a wealth of chemical 1literature in response to their
hypothesis. At this time it is evident that this reaction requires
further study. Empirical data for abstraction reactions gave
ambiguous mechanistic indications, e.g., relative rate data give
equally good correlations with sigma-minus as with sigma-plus
substituent constants (21). Additionally, there 1is still a great

deal of uncertainty in the bond dissociation energies of
alpha-hydrogens for substituted toluenes, as well as for toluene
(24). There has been some difficulty in reproducing rho values for

~different groups of workers (21,23), and early work (6) demonstrated

the dependence of Hammett reaction constants (rho) on experimental
method.

Although once disputed (25), Pryor, et al, have observed a
positive rho value .of the tert-butyl radical (26); this value has
since been reconfirmed (27). These findings have generally been
interpreted as evidence for polar effects (28,29), with contribution
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to the tran51tlon ‘'state by the dlpolar canonical structure III.
Positive rho values have since been reported for several other alkyl
radicals, including isopropyl (30) and undecyl . (26,28). The
occurrence of positive rho values’ would seem to seriously question
the valldlty of the BDE hypothesis; alternatlvely, Pryor has shown.
that in at least one system, ' the hydrogen abstraction from
iodobenzene by 4-nitrophenyl radicals, BDE effects must be considered
to explain the observed results (29,30). Davis and Pryor have
postulated that both the effects of substituents on BDEs and on the
free energy of . activation must be considered in explaining the
results of Hammett equation correlations (29,30). Recent work .by
Gilliom et al., (10) on the temperature dependence of the abstraction
of hydrogen by bromine from; toluene have -indicated that entropic
contributions to the free energy of activation must be considered
over both BDBs and dipolar stabilization of the transition state,
since both of' these interpretations. are based on the potential energy
surfaces of the reactlon (10), as illustrated by Figures 1 and 2.

In light of this observation by Gilliom (10), it is clear that
the temperature dependence of these. reactions must be studied. The
available literature seems to indicate that the temperature  variable
has been largely neglected in previous studies (31). We present a

study of the temgerature dependence for the abstraction of benzylic
hydrogen from toluene and -chlorotoluene.

EXPERIMENTAL
Procedure for competitive brominations.

The relative reactivities were determined via competitive
bromination with molecular bromine at various témperatures in CFCl
and CC14. Solutions approximately 1l:1 for each of the tolueneg
were. prepared by accurately weighing 25 millimoles of each toluene
into a 50 ml volumetric flask which wupon dilution would give.
solutions of about. 0.5M (1.0M in CCl,). Prior to dilution, the
inert internal standard, chlorobenzene, was added to give
concentrations - near 0.375M in . the fluorotrichloromethane
determinations.,ﬂ Epoxides have been shown -to .. be particularly
effective in ~decreasing or eliminating ‘hydrogen bromlde reversal in
hydrOQen abstractions which generate HBr (20) by _acting as an HBr
trap. 1, 2-Epoxybutane . was added such that it would be in at least
3:1 molar excess over the total amount of bromlne .to be added.
Bromine solutions for addition were prepared by weighing liquid
bromine into a 25 ml ‘volumetric flask followed by .dilution with
carbon tetrachloride or fluorotrichloromethane to give solutions of

ca. 0.67M. The ratio of total molar quantltles of toluenes to total.
bromine was at least 3:1.

10 ml aliquots of the toluene solution were volumetrically
pipetted. to a 50 ml round-bottomed or pear-shaped three neck flask.
The flask was equipped with a gas-delivery tube, water-cooled
condenser, and pressure~equalizing addition funnel. The flask was
placed in a constant-temperature bath where it was ~allowed to
thermally equilibrate for 20 minutes while dry nitrogen was slowly
bubbled. through the solution. =~ No precipitation of reactants was
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observedtiat the end of this time. Three to five ml of 0 67M bromlne
golution  'was' then ' added drop-wise' via. the . pressure-equa1121ng

_ addition . funnel. Nitrogen bubbling slowly through the reaction

vassel prov1ded -agitation throughout the ‘course of ‘the addition. The
solution. ~was continuously flrradiated w1thva 275W Sylvanla sunlamp
placed externally at a distance : of 30 "cm. _ The rate of  bromine
addition was  maintained so that ‘only a faint yellow’ color was .
obgerved :in. the reaction vessel. - Reaction products accounted for 75%;
to. 90% consumption of the bromine added.._ -
Gas chromatographic analysis ‘was performed on a Perkin Elmerw
Sigma 3B gas chromatograph with flame ionization detector using a 6
ft. by 1/8 in,  Teklab column packed with 10% 0V~101 ..on Chromosorb,
W. ..Chromatograms. were recorded and measured with a Hewlett Packard
3392a ‘integrating recorder. Temperature programming was used with'-
ramp ‘rate of 5 /min for temperatures from 60. to 120 C.. Relative
weights for the peak areas for both of ‘the toluenes to the peak area
of ‘chlorobénzene were- determined "from a sample of the untreacted
toluene- solution taken when an unreacted allquot was. ‘transferred to
the ' reaction vessel. " The relative - welghting factor, Xj . was’
detérmined as A s T R

where C is the concentration (or mass) of the compound and A .is . the
peak area of the compound. The concentration (or massg) of component
i remaining was determined from :

ey =A cis/x Ajg

RESULTS

. P
B

The relative react1v1ty of 4echlorotoluene to toluene (K. /k)
was ““determined by direct competitlon in’ carbon" tetrachloride and 1n
fluorotrichloromethane, through'a range of temperatures £from 45. C
~501.C, . The relative reactivities were determined from the 1n1tal and
final" concentrations ‘of the reactants accordlng the ‘equation
(32 33) L
'k, /k ln ([cnscmx]/mgcsn,,x} )/1n ({cnacsﬂﬁl/[cat3 GHSIO)

.

‘x~:Tahle.ILsummarizes these 4ca1cu1at10ns. ;The“”iimits ;gﬁ‘ error
represent the sample standard deviation. : - : ‘ :
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Table 1. Summary of relative reactivities.

C‘ solyen§ AéO. gngs. kchl/ktol ?point"

45 : CC14 3 0.7362 + 00,0069 1
25 cCl 2 0.7801 + 0.0148 2
10 CFC 3 2 0,8232 +£-0.0173 4.
0 CCl 2 0.8652 + 0.0030 3

0 CEC‘B 4 - 0.8655 + 0.0537. 5
~19 CFC13 -3 0.,9387 £ 0,0008 6
~32 CFC13 -3 0.9846 + 0.0151 7
~42 . CFC13 3 0.7929 + 0.0272 8
-50 CFC13 2 0.7589 + 0.0197 9

The . temperaturé dependence of reactions often follow the
Arrhenius equation: o
: k = A exp(—E /RT)
which can be written
In k.= In A - E_/RT )
For the case of cOmpet?tive reactlons, this becomes
. 1n k /k = in A /A + (E¥*- E®)/RT

" Thus, with , plot of the 'natliral logarithms of the relative

reactivites vs. 1/T, we obtain a stralght line with slope (Epg; -
E.h1)/R and intercept of ln (A.h1/Atoy) s We can thus obtain

the differential energy of . actlva 1on for ' , ,
temperature dependence. We have performed these ‘plots- and present
the activation parameters in Table II. ' N

Table II. Activation parameters for abstraction.

"gntry"”"  “points” Eto1 Ecpy 1D Ach,L ol r?
a 1,2,3 0.6232 -1.295 0.9970
b 4,5,6,7,8,9 ———— o 0.1639 .
c 1-9 —m— ———— 0.0102
d 4,5,6 0.6618 -1.368 0.9969
e - 4,5,6,7 0.5781 -1.214 0.9874
£° 1,2,4,5,6  0.6272 -1.303  0.9975

“Point 3 was ercluded since this value and 5 are"the' same - in both

‘solvents., *“~Subscripts "chl" and "tol" correspond to 4-chlorotoluene

and toluene, respectively.

As seen from the accompanying graph of 1ln k /k VS, .

1/T, the Arrhenius relationship exhibits a sharp deviation from
linearity below -32.0 C. This shall be discussed later. Table
"entries" (a), (d), (e), and (f) all exhibit good correlations.
Entry (e) contains the point for the relative rate at -32.0 C, where
the curve is beginning to show deviation from the Arrhenius
relationship. Omission of this point, as well as for thosi
-42.0 C and -50.0 C, gives the line with the best correlation (r
0.998) and includes a larger range of temperatures. The excellent
agreement between.- the plots for carbon tetrachloride (a) and

£luorotrichloromethane (d), 1lead us to report the Arrhenius

7
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relationship. for: this reaction, in carbon.. tetrachloride and

fluorotrichloromethane, for the temperature range 45 C to -19 C, to
be best expressed by the eguation (f)

In kopi'keor= (315.6 iil?%a)/r - (1.3031 + 0.063)

As can be seen froﬁ Table II} this cOrresponds " to

ﬂtol E&hl’ 0.627 kcal/mol (+ 0.035 kcal/mole), which is - in agreement
with the value of 1.38 kcal/mol obtalned by Gilliom, et al. (10).}‘-

ﬁISCUSSION

As can be seen from Table I, 4-chlorotoluene is 1less reactive

~ than ~ toluene; this  is consistent with the negative rho values

reported for this reaction . (6, 11). However, the .value for the
activation parameters, é;ol Echl’ 0.627 kcal/mol- ' questions the
validity of both the BDE explanation and the traditional "polar
effects” argument. .The -~ observation- that the.Arrhenius enérgy of
activation is larger for more reactive species is  inconsistent 'with
both of these e¢xplanations;  we' would expectfphe species with- the

lowest E_ to .more  reactive., It is evident’ . that entropic
Lontrlbutlons- should be. Considered‘_in this reactlon, as has. been
squested (10,11). ‘j4TO . .determine the magnltude " of ° these

Acontrlbutlons,: we must. ' turn ‘to the transition state theory. The

W

trans1t10n state theory. predicts that the rate constant” of a’ react1on

. will be expressed by

ko= “%‘-T ” e~0etfer L KAT e-'AR"'IRf' as*(r

For a pair of competltlve rate constants, ‘this can be rearranged to
give . ( ~ .

n kz/k o (As*- As*)/R - (AH¢ ~AH*)/RT

So by plotting In k /kt ‘vs. 1/T, as we.did for the Arrhenlus
relgt10nsh1p, -we ogga o line with slope. -(AH&-AHQ)/R and intercept
A&“)/R. Table III summarizes these calculatlons as obtained
from the . plot . "f"t of Table II We - obtain AHcthHtol -0.627
ﬁegl/mol,gpd AS hfﬁsual" -2.589x10" kcal/mol K. o

s

Table I1I. Contributions by entropy of actlvatlon to

.free energy of activation.

fxe}r,vihs'f_ _aud hl AHtol -—T(Aschlwastol) 6&(;’

318,15  -0.6272 . . . +0.824 . 0.197
298.15. . ~0.6272 - - +0.772 0 .0.145
.283,15- ... -0.6272 - S 40,733 . 0,106
273,15 - ... =0.6272 . +0.707 . 0.080
254.65_. - -0.6272 . - . +0.659 . 0,032

.242,20% . .-0.6272.° .. ~+0.627 © 0,000

‘Aalculated two point "isokinetic point" .

\

LI
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A reaction series observing the proportionality
aft =  pas’ : S
is said to exhibit an isokinetic relatlonshlp (34). A large number

~of reactions  fitting this relationship have been observed (35). A

pair of  rate. constants may exhibit a two~point "isokinetic
relationship” (36). Substitution of the expression for the

.isokinetic relationship into the expre331on for the Gibbs free energy

gives

a6t = (1 ~ 1/8) Al
Examination of these equatlons should make 1t obvxous that when T .-
greater than B , entropic factors dominate the activation energv,
whereas at temperatures below , enthalpic effects will dominate the

-activation energy (36).:

Although we do not have sufficient data to create a Hammett type
plot, we do observe a decrease in selectivity as temperature is
reduced; the data of Kim, et al, seem to suggest the same results in
their work. This corresponds “to a decrease in the absolute magnitude
of rho. -

'If a reaction exhibits an isokinetic relationship, it will

_ uﬁdergo .an . inversion of sign in rho as it passes through the

isokinetic temperature, going to zero as as the .rates become equal and
rho changing sign as the dominance of the reactlon reverses. The
temperature dependence is expressed (37) by
p; = p,{1 - B /T)

The 1s&kinetlc temperature from our Arrhenius relat1onshlp does not
correspond to a change in sign of rho, since the reactivities do not
reverse dominance, i.e., toluene appears to be the more reactive
compound above and below the isokinetic temperature.

This fallure of the isokinetic relationship may be, due to the
perturbation caused by an additional interaction mechanism (38) .
Since this perturbation first appears . significantly in the
neighborhood of the the isokinetic temperature, we can speculate that
our results may be an observation of the switch from entropic to
enthalpic control of the reaction. Data from other substituents is
obviously needed. At témperatures below g, we might then argue for
one of the traditional enthalpic arguments, e.g. BDE effects or

polar effects.

Kim et ali., have suggested that the toluene behavior in
brominations by NBS is controlled by entropic contributions. An
abstract of their work states that the entropic control is due to a
transition state with "considerable translational degrees of freedom”
{11). .Since we usually do not expect translational entropic  factors
to arise internally (39), we interpret the nature of the entropic
factors differently. As the incipient radical begins to. form, the
odd electron becomes increasingly conjugated with the aromatic
system; the entropy decreases as rotational and torsional vibrations
of the ring become increasingly hlndeied " The observation of a
slightly smaller g S¥of ~0.00259 kcalmol™ K—_ is consistent with
this interpretation, since we would expect the inductive effects of
an electron withdrawing substituent to increase the degree of
conjugation of the odd electron with the aromatic system. ‘



CONCLUSIONS

Qur results, as well as recent work of others (10 11), -suggest
caution should be maintained in considering the ~mechanistic
: 51gn1f1cance of rho in free radical reactions. Davis and Pryor have
postulated that ‘substituent effects on ‘both the BDE and stabilization
of a dipolar transition state (29,30) must be considered in
interpreting - ‘the results . of Hammett-type correlations; these

generally tend to be enthalpic arguements (10). Our results suggest

that at least one more interaction mechanism should be considered,
and”:further, that this must be an entropic effect. - We have
postulated that -this is due to increased constraints on’ rotatlon of
the ring as the odd electron formed in the free radical is conjugated
with the aromatic system; this effect is heightened by the inductive
effects of an electron withdrawing substituent such as_4- chloro. our

emplrlcal data agree wlth this hypothe81s. y
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A WORD WITH DR. ALAN JASLOW

by Clalre de Saussure{;;,.

The latest addltlon to the Blology department Dr. Alan Jaslow,’
JOlned the. faculty this past. £all. Dr. Jaslow, primarily an
evolutlonary biologist,:has always loved nature and animals, . with a
special fascination: for snakes, and frogs.v With .a Bachelor's degree
from the University of. Wlsconsln,,Dr.‘ Jaslow did his graduate work
at the’ Unxver51ty of Mlchlgan on the populatlon blology of tadpoles.‘

‘Since then he has explored the evolution of hearing on' land,
Focusing on “hearing in frogs. ‘The. morphology of the frog's ear
varies among 'different spec1es, with some 'completely 1ack1ng the
middle - ear. These "earless” frogs have been.a main interest in Dr.
Jaslow's -research. It had been thought that the. middle -ear was
necessary for hearing high airborn frequenc1es. .Howevet, Dr.; Jaslow

" found that these "earless” frogs could hear,,ln ‘some. casés even :as

wéll as frogs-having a middle ear. This raises questlons concernlng

ﬁthe actual functlon of the middle ear. structures.w:

pr. Jaslow s research took h1m to Panama, where Ihe .speht -two
and a half years studying behavioral, ecological, and evolutionary

vaspects ‘of the population biology of frogs., Dr.: Jaslow has. also
‘been ‘involved-in research at the. University of Chicago, where he will

be. continuing to work durlng the summers,’.concentratlng on three-
projects related to ear morphology and hearlng.“*'One_.lnvolves
studying acoustical impedance in frogs, by looking at what the:middle

" ear does in terms of absorbing or reflecting sound. 1In another

project, he will be investigating underwater hearing in tadpoles.
Finally, Dr. Jaslow will be studying the evolution of mammalian
middle ears, in conjunction with two paleontologists. They will
study the intermediate stages of the evolutionary sequence from a
reptile condition to a mammalian one, and will try to identify the
hearing capabilities for that lineage.

There are a variety of research projects that Dr. Jaslow will
be able to pursue here. He is mainly interested in continuing his
work on hearing in frogs. One such project would use a sound
pressure level meter, which he hopes to acquire soon, to measure
sound levels in the field.

Another project he will be working on is studying the muscle of

“the arms of sexually dimorphic frogs. In these frogs, the males have

relatively larger arms which are used in fighting and holding onto
the females. He will be doing a histological survey of the muscle to
see if there are muscle differences, such as fast and slow fiber

types.

Dr. Jaslow's research is not limited to frogs. Another project
he 1is working on at Rhodes is a histological study of the tongue
integuments of snakes. Apparently the pattern of shedding of the

. epidermis of the tongue 1is unrelated to the shedding of the outer

skin layer, which is regulated by hormones.
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In the near future;‘Dr. Jaslow hopes to go to Australia to
continue work on the T"earless" frogs. The frogs in Panama were
uncooperative in breeding in the laboratory, and ~eggs of these frogs
are hard to find. Dr. Jaslow is interested in 1nvest1gat1ng the
different familles of frogs in Australia. One "earless" group . there
will be easier to collect as eggs and tadpoles, which will be used to
study the development of the éar in theseé frogs. He is interested in
knowing- how the pattern ‘of development changes in frogs that have
cecondanly lost middle ears. Do these missing structures arise then

sappear during development or do they fail to arise at all?

~With all of these fascinating 1nvolvements in research, Dr.
Jaslow  'still devotes considerable time and. energy - to- his- teachlng.
QO‘J.ar, he ‘has- ‘taught Biology 100, Comparative Vertebrate Morphology,
and 1is -currently . teaching Evolution. Dr. Jaslow finds  ‘the
Comparative Morphology class very exciting and enjoyable, ‘and he has
. worked hard to develop this new course. The course has more of an
emphasis on the evolution, function, and. development. of structures -in
organlsms than the traditional anatomy approach. He has also worked
to improve the specimen collection for the course by improving access
to ‘them and by acquiring new ones .which will - be valuable for
teaching. ' . o S : o

- In the short time that Dr. Jaslow has been here he hae already
made "significant contributions to .the Rhodes College community in

--terms of - interestlng research, as well as excellence and. enthusiasm
in teachlng. : ST

LJ]
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~ BIOLOGICAL ILLUSTRATIONS

- by Janet ?reytes'

\ ]

‘The following illustrations are part of a Directed
Inquiry on Biological Illustration. These drawings are
the result of a study of pen and ink as one of the tech-
niques used in Biological Illustration. The next pages

show different views of both the skull and the jaw of a
cat skelton. ' ’ o
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Fig. 1: Left side view of a cat skull B
Jaket Freytes

is a senior Biplqu major. from Rio Piedras,‘Pqérto Rico.
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Fig. 3: Right side view of a cat jaw
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