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Biogenic organic matrices are common components of various marine
regimes, especially sediments, and may significantly alter transport and reaction
processes. This Thesis explores the impact of two types of biogenic organic
matrices. mucous secretions and organic tube linings.

Mucous secretions of the naticid gastropod Polinices duplicatus are mostly
water, have a high inorganic component, and owe their special character to a
carbohydrate-protein complex. The pedal mucus' viscous and lubricatory
nature is explained by the presence of a sulfur-rich, highly charged

macromolecular complex, whereas the additional need for consolidation and



compaction of debris in the case of hypobranchial mucus is apparently satisfied
by a slightly higher protein content relative to pedal mucus. When exposed to
natural microbial assemblages, it decomposes steadily, with the protein moiety
being selectively decomposed first.

The gel-like, viscous mucus of P. duplicatus inhibits the diffusion of
inorganic and organic solutes. The inhibitory effect is on average more
pronounced with the fibrous burrow lining of the ampharetid polychaete
Melinna cristata. This difference suggests a structural semi-permeability effect on
DOC diffusivity. A charge effect on diffusion has not been observed here, thus
contradicting previous reports. However, size-dependent inhibition of diffusion
Is demonstrated. Inhibition increases with increasing size, but no threshold
"filtering" effect was found up to the investigated size of MW 70,000. Organic
solute diffusion is enhanced in seawater relative to patterns predicted by
relationships derived from distilled water diffusion experiments, due to changes

in the conformation of organic macromolecules in electrolyte solutions.



Table of Contents

List of Figures vi
List of Tables Vil
Acknowledgements IX
Introduction 1
References 1
Figures 2

Part I: Characterization of the Mucins of The Marine Naticid Gastropod
Polinices duplicatus

Introduction 3
Materials and Methods 4
Results 6
Discussion 7
Conclusion 9
References 10
Figures 12
Tables 14

Part 11: Anoxic Decomposition of the Mucins of The Marine Naticid
Gastropod Polinices duplicatus

Introduction 19
Methods 21
Results 23
Discussion 24
Conclusion 26
References 26
Figures 28

Part I11: The Impact of Mucoid Matrices On Diffusion of Solutes in Marine
Sediments

Introduction 32
Methods 33
Results 38
Discussion 40
Conclusions 42
References 43
Figures 45
Tables 56



Introduction
Figure 1

Part |
Figure 1
Figure 2

Part 11
Figure 1

Figure 2
Figure 3
Figure 4
Part 111
Figure 1
Figure 2
Figure 3

Figure 4
Figure 5

Figure 6

Figure 7

Figure 8

List of Figures

Schematic of a typical macrofaunal assemblage in
Long Island Sound, U.S.A. (Aller, 1977)

HPLC Chromatogram of THAA in the pedal mucus
of P. duplicatus.

Pedal mucus of P. duplicatus stained with Alcian Blue
8 GX and viewed under an optical microscope.

The change of (a) SCO,, and (b) NH,"
concentrations with time during a plain mucus
incubation experiment.

Results of plain mucus incubation experiments.
Results of sediment-mucus incubation experiments -
linear regressions.

Results of sediment-mucus incubation experiments -
logarithmic regressions.

Effects of charge on diffusion through organic
matrices.
Mucus of adult P. duplicatus, stained with Alcian Blue
8 GX (Sigma) at a pH=2.
A Scanning Electron Micrograph of Onuphis jenneri
burrow wall lining (Aller, 1983).
The diaphragm-diffusion cell.
Development of calibration curves for use with
Polystyrene sulfonates.
Typical time progression diagrams of the change of
the logarithm of concentration difference ratios for
(a) bromide, and (b) ammonium, through Melinna
cristata burrow wall linings.
Coefficient ratios of diffusion through control and
through organic matrices produced by two infaunal
species for five inorganic solutes.

The transport of polystyrene sulfonate of MW 4,600

Vi

12

13

28

29

30

31

45

46

47

48
49

50

o1

52



Figure 9

Figure 10

Figure 11

through P. duplicatus mucus-coated and clean beads, as
demonstrated through emission spectra of outer cell
solutions at an excitation of 280 nm at various time
points.

Inhibition of diffusion of organic compounds 53
through mucus of P. duplicatus.
Comparison of ratios of diffusion coefficients 54

measured in control and experimental diaphragm
diffusion cells through pig gastric mucus (Desai and
Vadgama, 1991) and pedal mucus of P. duplicatus

(this study).

The effect of ionic strength of solution on the 55
diffusivity of polystyrene sulfonates (Cornel et al.,

1986).

Vil



List of Tables

Part I

Table 1 Summary of studies and their findings on the 14
biochemical composition of mucous secretions of
marine gastropods (listed in alphabetical order of
species names).

Table 2 Monosaccharide unit concentrations in 16
carbohydrates of the pedal mucus of P. duplicatus.

Table 3 THAA composition of pedal mucus of P. duplicatus. 17

Table 4 Composition of the pedal mucus of P. duplicatus, as it 18
was determined by this study.

Part 111

Table 1 Wavelengths of emission peaks at an excitation of 56
280 nm for the polystyrene sulfonates used in this
study.

viii



Acknowledgements

Three persons should be especially acknowledged for their catalytic
assistance with this project. My advisor and friend Robert C. Aller provided me
not only with guidance, financial and material resources, but also with his
encyclopedic knowledge of geochemistry. 1 would mostly like to thank him for
intimately sharing with me his enthusiasm for his field of study and his work.
Christina E. Heilbrun acted throughout as my lab guru, instructing me on
various techniques and practices and also assisting me in the performance of
experiments and analyses. Anitra E. Ingalls discussed with me various facets of
organic geochemistry, and not only, and gratuitously performed the HPLC
analyses. Her support as a fellow graduate student through her experiences and
knowledge enhanced my working experience significantly.

Acknowledgements should also go to:
Members of the Aller laboratory, namely C. Panzeca, S. Eriksson, and Z.-B.
Zhu for assistance and support;
Members of the Lee lab, namely C. Lee for her advise as a thesis reader and
friend, M. Kuznetsova for discussing various protein analyses, and C.C.
Sheridan for various scientific discussions, her support, and
companionship;
B.J. Brownawell, for his comments as a reader and P.L. Ferguson for
stimulating discussions on surface and analytical geochemistry;
J.Y. Aller and V. Madrid for advice on aspects of microbial geochemistry;
D. Greenfield for assistance with the inverted optical microscope and
photography of samples;
D. Hirschberg of the Analytical Laboratory at MSRC for the CNS analyses;
R. Merkle of the Complex Carbohydrate Research Center of the University
of Georgia for the Glycosyl Composition Analysis;
Captain S. Cluett and his crew for assistance with collection of samples on
Long Island Sound;
The Student Geochemistry Seminar where this work was first presented
and discussed,;
The National Science Foundation which funded this work.



Introduction

Early diagenetic processes in marine sediments are defined as those
which cause physical and chemical alterations of matter in surface sediments
(Berner, 1981). A brief look at the surface of sediments very quickly reveals that
there are assemblages of animals inhabiting them, diverse in form and mode of
life (Figure 1). These animals greatly impact these early alterations of matter
which may originate from water column activity or from terrestrial production
or erosion. Diagenetic processes, especially in medium to fine-grained
sediments, are typically strongly controlled by diffusion of various solutes,
especially the electron acceptors which control organic matter diagenesis
(Froelich et al., 1978).

This study investigates the impact of mucous secretions by infaunal
animals on early diagenesis. For the most part, mucus of the naticid gastropod
Polinices duplicatus is the primary focus of study. Its biochemical composition is
determined, its likely decomposition pattern is investigated, and finally, the
Impact of its presence on diffusion of inorganic and organic solutes in
sediments is documented. Organic burrow wall linings of the ampharetid
polychaete Melinna cristata are also investigated to compare the effects of these
two very common types of organic matrices on solute transport in marine
sediments.

The thesis consists of three parts: (i) biochemical composition; (ii)
anoxic decomposition properties; and (iii) impact on diffusion of solutes in
marine sediments.
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Figure 1. Schematic of a typical macrofaunal assemblage in Long Island Sound, U.S.A. (Aller, 1977).



