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Chapter 3 

ADHESION OF FOULING DIATOMS TO SURFACES: SOME BIOCHEMISTRY 

K. E. COOKSEY AND BARBARA COOKSEY 

Department o f  
U.S.A., 59717 

M i  c rob  i o 1 ogy , Montana S t a t e  U n i v e r s i t y  , Bozeman, Montana, 

3.1 INTRODUCTION 

I n  s p i t e  o f  t h e  f a c t  t h a t  most s t u d i e s  o f  m i c r o b i o l o g i c a l  f o u l i n g  show t h e  

presence o f  d iatoms on f o u l e d  sur faces ,  l i t t l e  i s  known o f  t h e  c o n t r i b u t i o n  o f  

these organisms t o  t h e  eco logy  o f  t h e  b i o f i l m .  A cu rso ry  assessment o f  t h e  

m i c r o f o u l i n g  l i t e r a t u r e  may suggest t h a t  b a c t e r i a  rep resen t  t h e  o n l y  f o u l i n g  

problem. Whi le t h a t  may be t r u e  f o r  su r faces  t h a t  a r e  dark ,  i t  c e r t a i n l y  does 

no t  app ly  t o  t h e  l i g h t e d  sur face .  A l l  s u b s t r a t a  t h a t  a r e  wet and i l l u m i n a t e d  

u l t i m a t e l y  w i l l  suppor t  t h e  growth  o f  an a l g a l  popu la t i on .  I n  many cases these 

algae w i l l  be diatoms. Diatoms may p l a y  a cons ide rab le  r o l e  i n  t h e  n u t r i e n t  

dynamics o f  t h e  b i o f i l m  (Charack l i s  and Cooksey, 1983; Escher and Charack l i s ,  

1982) th rough s y n t r o p h i c  i n t e r a c t i o n s .  Such i n t e r a c t i o n s  a r e  w e l l  known f o r  

t he  water  column ( B e l l  and Sakshaug, 1980; Brock and C l i n e ,  1984) where the  

syn t roph ic  p a r t n e r s  a r e  much f u r t h e r  a p a r t  and d i f f u s i o n  pa ths  much longer  than 

i n  a b i o f i l m .  Cross- feed ing  i n  b i o f i l m s  may i n v o l v e  much more than exchange o f  

o rgan ic  molecules.  I t  cou ld ,  f o r  ins tance,  i n v o l v e  t h e  d e t o x i f i c a t i o n  o f  t h e  

b i o f i l m  environment by b a c t e r i a l  r e s p i r a t i o n  o f  pho tosyn the t i ca l l y -p roduced  

oxygen. 

Before  d ia tom attachment takes  p lace ,  t h e  c e l l s  must be t ranspor ted  t o  a 

surface. I n  a l l  b u t  t o t a l l y  qu iescen t  s i t u a t i o n s  t h i s  process occurs by 

hydrodynamic means (Breznak e t  a l . ,  1985). 

It i s  t h e  purpose o f  t h i s  paper t o  th row some l i g h t  on some o f  t h e  

metabo l ic  events  which t a k e  p l a c e  immedia te ly  f o l l o w i n g  t h e  a r r i v a l  o f  a 

raphe-bear ing d ia tom on a sur face .  

3.2 METHODS 

3.2.1 Choice o f  organism 

Except where s t a t e d  o the rw ise ,  t h e  exper imenta l  organism used i n  t h i s  

study was Amphora c o f f e a e f o r m i s  (Agardh) Kutz (F ig .  3.3). A. co f feae fo rm is  

grows h e t e r o t r o p h i c a l l y  and m i x o t r o p h i c a l l y  on g lucose (Cooksey and Chansang, 

1976). 



42 

3.2.2 E l e c t r o n  microscopy 

Th is  has been desc r ibed  (Webster e t  a l . ,  1985). 

3.2.3 Video r e c o r d i n g  

Video reco rd ings  were made i n  t h e  6-111 mode on a Toshiba reco rde r  (Model 

V8500T). Images were ob ta ined  f rom a Re iche r t  phase-contrast-microscope f i t t e d  

w i t h  an RCA v ideo  camera (Model TC2011). The v ideo image was m o d i f i e d  t o  

c o n t a i n  a t ime/da te  s i g n a l  (RCA Model TC1440B). The o v e r a l l  m a g n i f i c a t i o n  was 

330x (microscope 16x, e l e c t r o n i c  approx imate ly  20x1. 

3.2.4 Chemotaxis Exper iments 

Two methods were used. I n  t h e  f i r s t ,  s t e r i l e  90 mm P e t r i  d ishes  were 

f i l l e d  w i t h  a r t i f i c i a l  seawater medium ( P r o v a s o l i  e t  a l . ,  1957), m o d i f i e d  t o  

c o n t a i n  5 mM Ca2+ and 2% agar  (Cooksey and Chansang, 1976) t o  a depth  of  4 mm. 

A w e l l  was c u t  i n  t h e  agar  which was then f i l l e d  w i t h  s t e r i l e  10 mM g lucose i n  

t h e  same medium. A f t e r  i n c u b a t i o n  a t  28°C ove rn igh t ,  d iatoms were a p p l i e d  t o  

t h e  su r face  o f  t h e  agar i n  a l i n e  20 m from t h e  g lucose -con ta in ing  w e l l .  A 

f i n e ,  s t e r i l e  p a i n t  b rush  which had been d ipped i n  an axen ic  d ia tom suspension 

was used f o r  t h i s  ope ra t i on .  N ine teen hours f rom t h e  a d d i t i o n  o f  t h e  g lucose 

t o  t h e  agar,  ' the p l a t e s  were observed as descr ibed above. C e l l s  moving up o r  

down t h e  g lucose g r a d i e n t  were i d e n t i f i e d  by means o f  t h e  t r a c k s  l e f t  i n  t h e  

agar su r face  and counted. I n  some exper iments,  t r a c i n g s  o f  t h e  t r a c k s  were 

made and used f o r  measurements o f  changes i n  d i r e c t i o n  i n  response t o  t h e  

g lucose g r a d i e n t  i n  t h e  agar.  

A second method f o r  t h e  d e t e c t i o n  o f  chemosensing o f  g lucose was based on 

t h a t  o f  Zigmond (1977).  I n  t h i s  procedure diatoms a t tached  t o  a g l a s s  m ic ro -  

scope cover -g lass  were exposed t o  a chemical  g r a d i e n t  e s t a b l i s h e d  between two 

w e l l s  i n  an a c r y l i c  p l a s t i c  microscope s l i d e .  Again c e l l s  moving up o r  down 

t h e  g r a d i e n t  and t r a v e l l i n g  a t  an ang le  o f  no more than 45" t o  t h e  g r a d i e n t  

were counted. Th is  represented  a h i g h l y  conserva t i ve  assessment o f  o r i e n t a -  

t i o n .  Resu l t s  were c a l c u l a t e d  w i t h  respec t  t o  a normal approx imat ion  o f  a 

b inomia l  d i s t r i b u t i o n  w i t h  P<0.05 and compared t o  a t h e o r e t i c a l  d i s t r i b u t i o n  o f  

50% p o s i t i v e  o r i e n t a t i o n .  

3.2.5 I n c o r p o r a t i o n  o f  r a d i o - l a b e l l e d  subs t ra tes  

D e t a i l s  a r e  g i ven  i n  each exper iment.  The genera l  procedure has been 

pub l i shed  (Cooksey, 1978). Where drugs were used, c o n t r o l  i ncuba t ions  con- 

t a i n e d  t h e  same c o n c e n t r a t i o n  o f  s o l v e n t  as t h e  d rug -con ta in ing  i ncuba t ions .  
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3.2.6 Adhesion assays 

These were c a r r i e d  o u t  as desc r ibed  e a r l i e r  (Cooksey, 1981). 

3.2.7 P repara t i on  o f  d ia tom foo tpads  

C e l l s  were a t tached  t o  g lass  microscope cover  g lasses  as descr ibed 

(Cooksey, 1981). The cove r  g lasses  were r i n s e d  t o  remove unat tached c e l l s  and 

placed i n  10 mM e thy lene  g l y c o l  b i s  (B-aminoethy le ther )  N ,N I - te t raace t i c  a c i d  

(EGTA) i n  minimal media l e s s  ca l c ium a t  pH 7.7 f o r  20 min. a t  room temperature.  

They were then r i n s e d  f u r t h e r  w i t h  minimal medium and observed m i c r o s c o p i c a l l y  

us ing  phase-cont ras t  o p t i c s .  

3.2.8 Drugs, i n h i b i t o r s ,  rad iochemica ls  and coun t ing  procedures 

3-(3,4-dichlorophenyl)-l,l- d imethy lu rea  (DCMU) was ob ta ined  f rom K&K 

Labora tor ies  Inc . ,  and r e c r y s t a l  1 i z e d  f rom aqueous e thano l  be fo re  use. 

a - isopropy l -a - [  (N-methyl-N-homoveratryl )-a-amino p r o p y l ]  -3,4,5- t r ime thoxy -  

p h e n y l a c e t o n i t r i l e  (D-600) was a g i f t  f rom Kno l l  A. G., West Germany. Carbonyl 

cyanide -3 -ch lo ropheny l  hydrazone (CCCP) , cyc lohex imide  (CH) and tun icamyc in  

were ob ta ined  f rom Sigma Chemical Co., USA, and used w i t h o u t  f u r t h e r  p u r i f i c a -  

t i o n .  A l l  d rug  s o l u t i o n s  were made i n  d i m e t h y l s u l f o x i d e  o r  70% (V/V) ethanol  

a t  such a c o n c e n t r a t i o n  t o  a l l o w  no more than 1% o f  t h e  s o l v e n t  i n  t h e  

i ncuba t ion  m ix tu re .  3H-glucose was ob ta ined  f rom I C N  Corpora t ion ,  USA. Radio- 

a c t i v i t y  was determined i n  c e l l s  a f t e r  s o l u b i l i z a t i o n  i n  P ro toso l  and coun t ing  

i n  Aquasol I 1  (New England Nuc lear  Corpora t ion ,  USA). 

3.2.9 C e l l  counts  

Diatom c e l l s  were counted i n  a haemocytometer. V iab le  c e l l s  were counted 

a f t e r  t r e a t i n g  w i t h  Trypan b l u e  ( f i n a l  concen t ra t i on ,  0.5%). Unstained c e l l s  

were cons idered v i a b l e .  

3.3 RESULTS AND DISCUSSION 

- A. co f feae fo rm is  has been shown t o  respond t o  a g lucose g r a d i e n t  i n  agar 
by moving up t h e  concen t ra t i on  g r a d i e n t  (Tab le  3.1).  I n  t h e  absence o f  g l u -  

cose, c e l l s  move i n  a s e r i e s  o f  random e l l i p s e s .  The cause o f  t h e  e l l i p t i c a l  

movement i s  p robab ly  t h e  geometry o f  t h e  raphe systems. A. co f feae fo rm is  

possesses two raphes on t h e  v e n t r a l  s i d e  o f  t h e  organism. I t has been 

suggested (Cooksey and Cooksey, 1986) t h a t  one o f  t h e  raphes i s  i n  c l o s e r  

contac t  w i t h  t h e  subs t ra tum than t h e  o t h e r  and thus  t r a n s m i t s  t h e  'dominant '  

d r i v i n g  fo rce .  When i n  a g rad ien t ,  however, A. co f feae fo rm is  moved i n  a s e r i e s  

o f  separate s l i g h t l y  curved l i n e s ,  each o f  which f o l l o w e d  a d i r e c t i o n  change so 
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TABLE 3.1 

Chemosensing i n  a g lucose g r a d i e n t  i n  agar.  

Expt. No. T o t a l  c e l l s  counted Percent moving towards g lucose 
? (S.E.)a 

3 1  
38  
50 
82 
74 
48 

90 i (66 - 99) 
92 f (74  - 99) 
92 ? (77 - 99)  
77 2 (63 - 88) 
85 i ( 7 2  - 94) 
71 f ( 5 1  - 86) 

aResu l ts  s i g n i f i c a n t  a t  Pc0.01. 

as t o  m a i n t a i n  movement a long  t h e  g r a d i e n t  ( F i g .  3.1).  I t  i s  p o s s i b l e  t o  

rega rd  u n d i r e c t e d  movement as a s e r i e s  o f  e r r o r  accumulat ions w i t h  respec t  t o  

an imag inary  s t r a i g h t  l i n e .  On t h e  o t h e r  hand, d i r e c t e d  movement as a r e s u l t  

o f  t h e  repeated  sens ing  o f  a chemical  g r a d i e n t ,  r e s u l t s  i n  cons tan t  e r r o r  

c c r r e c t i o n  and i m p l i e s  t h a t  a t  l e a s t  i n  t h i s  organism d i f f e r e n t i a l  raphe 

c o n t r o l  i s  p o s s i b l e .  

CHEM0SENSING:DlRECTlONAL CHANGE 

- 
_ -  - - glucose - _ -  

constructed track 

mean directional change 37t 3 degrees 

F ig .  3.1. D i r e c t i o n a l  Changes i n  Response t o  a Glucose Grad ien t .  ( i )  The 
t r a c k s  o f  a d ia tom on an agar  su r face  were t r a c e d  f rom t h e  v ideo mon i to r .  ( i i )  
The s e r i e s  o f  curves  i n  ( i )  were s t r a i g h t e n e d  i n  o r d e r  t o  measure t h e  ang le  
changes made by t h e  diatom. The mean ang le  change (a - h )  was 37" ? 3". 
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Although t h e  agar  p l a t e  method was p a r t i c u l a r l y  s u i t a b l e  f o r  t h e  observa- 

t i o n  o f  t h e  behav io ra l  responses o f  t h e  c e l l  t o  a g lucose g r a d i e n t ,  i t  was l e s s  

SO f o r  t h e  q u a n t i f i c a t i o n  o f  t h e  concen t ra t i ons  o f  chemoat t rac tan t  necessary t o  

e l i c i t  a response. For  t h i s  work we chose t o  use a Zigmond chamber - an 

apparatus v e r y  conven ien t  f o r  t h e  obse rva t i on  o f  slow-moving organisms i .e. 

those t h a t  move a t  a few vm/sec. F ig .  3.2a shows t h e  r e s u l t s  o f  a t ime-course 

w i t h  0.5 mM glucose. A f t e r  random movement a t  f i r s t ,  c e l l s  become o r i e n t e d  

a f t e r  20 min so t h a t  70% a r e  moving up t h e  g r a d i e n t .  A t  p resen t  we do n o t  know 

whether t h e  l a g  i n  response t o  g lucose i s  caused by t h e  t ime  needed f o r  t h e  

g r a d i e n t  t o  be e s t a b l i s h e d ,  o r  t h e  t ime  necessary t o  induce a me tabo l i c  

response t o  glucose. Glucose up take and metabol ism i s  an i n d u c i b l e  p r o p e r t y  o f  

t h i s  organism t h a t  no rma l l y  t akes  25 min t o  develop (Cooksey, unpub l ished 

obse rva t i on ) .  It w i l l  be i n f o r m a t i v e  t o  d i scove r  whether glucose- induced c e l l s  

a l s o  show t h i s  l a g  i n  o r i e n t a t i o n  response. Should such an i n d u c t i o n  p e r i o d  be 

necessary t o  sense a l l  e x t r a c e l l u l a r  chemical  s i g n a l s ,  i t  would imp ly  t h a t  a 

t ime o f  t h i s  o r d e r  would be necessary f o r  t h e  c e l l  t o  adhere as a r e s u l t  o f  

such a s i g n a l .  T h i s  seems u n l i k e l y  t o  us. The minimal glucose g r a d i e n t  

de tec ted  was 0-0.1 mM g lucose which was e s t a b l i s h e d  over  2.5 mm d i s tance .  Th is  

t r a n s l a t e s  t o  an approximate g r a d i e n t  of  0.04 uM/pm o f  c e l l  l eng th .  I n  c o n t r o l  

exper iments,  where no g lucose i s  p resen t  c e l l s  moved randomly (F ig .  3.2b), i . e .  

o r i e n t a t i o n  was n o t  d i f f e r e n t  f rom 50%. 
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TIME-COURSE: 0.5mY GLUCOSE 

0 10 50 80 

Fig .  3.2. ( a )  Time-course f o r  t h e  Development o f  C e l l  O r i e n t a t i o n  i n  a Glucose 
Gradient.  Diatom c e l l s  on a microscope cover -g lass  were exposed t o  a 0-0.5 mM 
glucose g r a d i e n t  i n  a Zigmond d i f f u s i o n  chamber. T o t a l ,  number o f  c e l l s  ( n )  
moving up t h e  g lucose g r a d i e n t  (pos.)  a r e  expressed as a f u n c t i o n  o f  t h e  t o t a l  
number o f  c e l l s  moving up and down t h e  glucose g r a d i e n t ,  t o g e t h e r  w i t h  t h e  95% 
confidence i n t e r v a l s  (P<0.05), ( b )  a s i m i l a r  t ime-course  i n  t h e  absence o f  a 
glucose g r a d i e n t .  
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The p h y s i o l o g i c a l  requ i rements  f o r  t h e  adhesion o f  A. co f feae fo rm is  t o  

g lass  were i n v e s t i g a t e d  by means o f  t h e  q u a n t i t a t i v e  adhesion assay. We found 

t h a t  Ca2+ o r  Sr2+ were necessary w i t h  no o t h e r  i o n  t e s t e d  be ing  a b l e  t o  sub- 

s t i t u t e  (Tab le  3.2). It shou ld  be no ted  t h a t  a l t hough  c e l l s  would adhere i n  

t h e  presence o f  Sr2+, t hey  were n o t  a b l e  t o  move, whereas c e l l s  t h a t  adhered i n  

the  presence o f  Ca2+ were m o t i l e  (F ig .  3.3b). Fu r the r ,  c e l l s  adhered i n  Sr2+ 

cou ld  be d i s t i n g u i s h e d  f rom those i n  Ca2+ by t h e  morphology o f  t h e  adhesive 

polymer (Webster and Cooksey, unpub l ished obse rva t i on ) .  Th i s  i m p l i e s  t h a t  Sr2+ 

can s u b s t i t u t e  f o r  Ca2+ s t r u c t u r a l l y ,  b u t  n o t  i n  t h e  s e c r e t i o n  process (Cooksey 

e t  a l . ,  1984). The response t o  Ca2+ was n o t  an i s o l a t e d  one and was found w i t h  

severa l  o t h e r  pennate f o u l i n g  diatoms (Tab le  3.3). Adhesion took  p lace  i n  t h e  

l i g h t  o r  dark  and was n o t  i n h i b i t e d  by t h e  photosystem I 1  i n h i b i t o r  DCMU. 

TABLE 3.2 

Adhesive Response o f  co f feae fo rm is  t o  t h e  Presence o f  D i v a l e n t  Cat ions  

I o n  Percent  o f  Con t ro la  

Con t ro l ,  0.25 mM Ca2+ 100 (36)  
5 mM CaZt 
5 mM S r Z +  
10 mM Sr2+ 
5 mM MnZ+ 
5 mFI Ba2+ 0 ( 6 )  

354 t 69 ( 1 2 )  
193 f 4 ( 6 )  

60 f 27 ( 6 )  
427 f 14 ( 6 )  

a Adhesion of  d ia tom c e l l s  t o  a g l a s s  su r face  was measured by t h e  method o f  
Cooksey (1981).  F igures  a r e  means + 1 s tandard  d e v i a t i o n  (no. o f  determina- 
t i o n s ) .  Data f rom Cooksey, 1981. 

TABLE 3.3 

Adhesion t o  Glass by  Marine F o u l i n g  Diatoms Grown i n  A r t i f i c i a l  Seawater Medium 
a t  Var ious  Concent ra t ions  o f  Calc ium 

Organ isn  number 4 6 25 27 
Genus Navi  c u l  a N i t z s c h i a  Trop idone is  N i t z s c h i a  
C e l l  l e n g t h  (urn) 10 13 23 50 
Adhesion i n  ASP-2 
medium + 0.75 mM Ca + / -  + 

2.5 mM Ca + - +/-  + 
10.0 mM Ca ++ t +t ++ 

- 

-, no adhesion; +/- ,  g e n t l e  a g i t a t i o n  suspends c e l l s ;  +, shak ing  suspends 
c e l l s ;  ++, shak ing  does n o t  remove c e l l s  f rom g lass .  Exper iment c a r r i e d  o u t  i n  
5 m l  p o r t i o n s  o f  ASP-2 medium (Provaso l  i e t  a l . ,  1957) a t  t h e  Ca concen t ra t i ons  
shown. 
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Fig.  3.3. (a)  SEM Photomicrograph o f  Cleaned F r u s t u l e  o f  A. coffeaeformis. 
Ventral  view showing raphe openings. Bar = lum. (b)  A. coffeaeformis adhered 
t o  glass surface. Note p o s i t i o n  and s i z e  o f  adhesive appendages. Bar = lpm. 
( c )  Phase-Contrast Micrograph o f  Raphe Imprints o f  A. coffeaeformis. Bar = 5um. 
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I t  was i n h i b i t e d  by an energy uncoup ler  (CCCP), an i n h i b i t o r  o f  p r o t e i n  

syn thes i s  ( cyc lohex im ide )  and a Ca2+ t r a n s p o r t  i n h i b i t o r  (D-600) (Tab le  3.4). 

These r e s u l t s  imp ly  t h a t  energy i s  r e q u i r e d  f o r  adhesion, i . e .  i t  i s  n o t  a 

pass i ve  process and t h e  c e l l s  a r e  n o t  i n h e r e n t l y  s t i c k y .  Fu r the r ,  p r o t e i n  

syn thes i s  i s  necessary.  We a r e  aware t h a t  CH has seve ra l  o t h e r  modes o f  a c t i o n  

(d iscussed i n  Cooksey, 1981 and McMahon, 1975), b u t  t h e  f a c t  t h a t  i n  t h i s  

system t h e  same v e r y  l ow  l e v e l  o f  d rug  (3.6 uM) causes an 84% i n h i b i t i o n  o f  

l e u c i n e  i n c o r p o r a t i o n  i n t o  t h e  h o t  t r i c h l o r o a c e t i c  a c i d  i n s o l u b l e  f r a c t i o n  o f  

t h e  c e l l  ( p r o t e i n  and g l y c o p r o t e i n )  tends t o  suppor t  t h i s  obse rva t i on  (Tab le  

3.5).  D-600 a c t s  o u t s i d e  t h e  c e l l  membrane (Mayer e t  a l . ,  1972; Me ishe r i  e t  

a l . ,  1981) and p reven ts  Ca2+ e n t r y ,  thus  suggest ing  an i n t r a c e l l u l a r  r o l e  f o r  

Ca2+. Such a r o l e  cou ld  be i n  t h e  sec re to ry ,  e x o c y t o t i c  process known t o  be 

i n v o l v e d  i n  t r a n s p o r t  o f  t h e  adhes ive  t o  t h e  raphe cana l  (Webster e t  a l . ,  

1985). The proposa l  t h a t  Ca2+ a c t s  i n t e r n a l l y  does n o t  r u l e  o u t  an e x t e r n a l  

r o l e  f o r  Ca2+ a l s o .  I n  f a c t ,  t h e  r e s u l t s  f rom t h e  EGTA exper iments  do imp ly  an 

e x t e r n a l  r o l e .  Footpads o r  raphe i m p r i n t s  were ob ta ined  a f t e r  removal o f  Ca2+ 

w i t h  EGTA, a Ca2+ che la to t -  (F ig .  3 . 3 ~ ) .  A suggest ion  o f  how these i m p r i n t s  

cou ld  be made when a cohes ive  b reak  i n  t h i s  adhesive m a t e r i a l  occurs  as ir 

r e s u l t  o f  t h e  removal o f  C a Z t  i s  g i ven  i n  F ig .  3.4. Raphe i m p r i n t s  such as 

these have a l s o  been found by Gan ie l  e t  a l .  (1980) u s i n g  t h e  SEM a f t e r  

mechanical  removal o f  t h e  d ia tom c e l l s  f rom t h e  substratum. 

TABLE 3.4 

I n h i b i t i o n  o f  Adhesion of  A. co f feae fo rm is .  

Trea tmen t % o f  Con t ro l  -e S.D. 
(No. o f  De te rm ina t ions )  

Con t ro l ,  0.25 mM Ca, l i g h t  100 
5 mM Ca, l i g h t  478 i 168 ( 1 C )  
5 mM Ca, dark  543 I- 156 ( 6 )  
5 mM Ca, l i g h t ,  + 2 UM DCMU 549 i 122 ( 6 )  
5 mM Ca, l i g h t ,  + 5 pM C C C P  
5 mM Ca, l i g h t ,  + 3.6 pM CH 39 It 13 ( 6 )  
5 mM Ca, l i g h t ,  + 25 DM D-600 55 -t 50 ( 9 )  

76 f 4 ( 6 )  

Washed c e l l s  were suspended i n  minimal medium and p re incuba ted  f o r  15 niin. 
(CCCP, DCMU, D-600) o r  30 min.  (CH), b e f o r e  Ca was added a t  t h e  concen t ra t i ons  
shown. Adhered c e l l s  were q u a n t i f i e d  as desc r ibed  (Cooksey, 1981). Data f rom 
Cooksey, 1981. 
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b 

Fig .  3.4. Poss ib le  mode o f  a c t i o n  o f  EGTA i n  caus ing  d ia tom removal f rom a 
surface. 

EFFECT OF TUNICAMVCIN ON MOTILITY 

I 

Fig .  3.5. 
(0.5 
mM Ca!+. Speed o f  m o t i l i t y  was measured f rom a v ideotape.  

E f f e c t  o f  Tunicamycin on M o t i l i t y  o f  A. co f feae fo rm is .  Tunicamycin 
g/ml)  was added t o  a suspension o f  d iatoms i n  min ima l  media c o n t a i n i n g  5 
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TABLE 3.5 

I n h i b i t i o n  o f  Adhesion and L a b e l i n g  o f  Hot  T r i c h l o r o a c e t i c  Ac id  I n s o l u b l e  
F r a c t i o n  o f  co f feae fo rm is .  

Percent  I n h i b i t i o n  

I n c o r p o r a t i o n  

Treatment Adhesion Leuc ine  G1 ucose 

Tunicamycin, 

Cycloheximide, 
5 d m 1  

3.6 UM 

98 

92 

0 

84 

88 

N.D. 

N.D. = n o t  determined. 

The f a c t  t h a t  t h e  cytochernical  work o f  Dan ie l  e t  a l .  (1980) showed t h e  

d ia tom adhesive polymer t o  be an a c i d  po l ysacchar ide  and o u r  subsequent f i n d i n g  

t h a t  an i n h i b i t o r  of  p r o t e i n  syn thes i s  p revented  adhesion, suggested t h a t  we 

i n v e s t i g a t e  t h e  e f f e c t  o f  an i n h i b i t o r  o f  g l y c o p r o t e i n  syn thes i s  (Tamura, 1982) 

on adhesion. Tunicamycin (TM) prevented  t h e  adhesion o f  d ia tom c e l l s  (Tab le  

3.6) and a l s o  a t  a l ow  c o n c e n t r a t i o n  slowed m o t i l i t y  (F ig .  3.5). It was no te-  

wor thy  t h a t  even h i g h  l e v e l s  o f  TM d i d  n o t  a f f e c t  c e l l  v i a b i l i t y  (Tab le  3.6). 

That TM was a f f e c t i n g  g l y c o p r o t e i n  syn thes i s  r a t h e r  than p r o t e i n  syn thes i s  i s  

shown by Table 3.5. Here TM i n h i b i t s  t h e  i n c o r p o r a t i o n  o f  g lucose b u t  n o t  

l e u c i n e  i n t o  t h e  p r o t e i n  and g l y c o p r o t e i n  f r a c t i o n  o f  t h e  c e l l .  

TABLE 3.6 

E f f e c t  o f  Tunicamycin on t h e  Adhesion and V i a b i l i t y  o f  co f feae fo rm is .  

Treatment 
Adhesion V i a b i l i t y a  

(Percent  Con t ro l  Va lue)  Mo t i  1 i ty 

Con t ro l ,  no drug  100 79+9 (4)  a1 1 

83k5 (4) few 81+12 (16) 
52239 (14) 83+2 (4) none 

1.0 g/ml 
5.0 g/ml 
10.0 g/ml " 6+1 ( 7 )  N.D. none 

N. D. j e r k y  
I, 

I, 

0.5 g/ml tun icamyc inb  5 (2) 

a V i a b i l i t y  as measured by t h e  Trypan b l u e  method. 
24 h p re incuba t ion .  

N.D. = n o t  determined. 
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controlled by 

(chemical?) signals 

adhesive/trail substance 

SUBSTRATUM 

Fig. 3.6. A Conceptual Model o f  Pennate Diatom Adhesion. 

The r e s u l t s  presented here, t oge the r  w i t h  t h e  work o f  Chamberlain 's group 

(Daniel e t  a l . ,  1980; Danie l  and Chamberlain, 1981) suggest a conceptual  model 

f o r  t h e  steps i n  d ia tom adhesion (F ig .  3.6). Ves i c les  produced i n  the  

dictysome o f  t h e  Go lg i  apparatus c o n t a i n  po lysacchar ide-1 i k e  m a t e r i a l  (Danie l  

e t  a l . ,  1980). These v e s i c l e s  a re  t ranspor ted  t o  t h e  c e l l  membrane near t o  the  

raphe canal by some as y e t  unknown means, b u t  m ic ro tubu les  may be i m p l i c a t e d  

(Webster e t  a l . ,  1985). Fusion o f  t h e  v e s i c l e s  w i t h  t h e  c e l l  membrane a l l ows  

sec re t i on  o f  t h e i r  contents.  Th i s  m a t e r i a l  (F ig .  3.3b), which i s  s t i l l  

assoc iated w i t h  t h e  c e l l  membrane, a l l ows  t h e  c e l l  t o  adhere t o  t h e  substratum 

(Webster e t  a l . ,  1985; Edgar and Pickett-Heaps, 1983). The i n h i b i t i o n  o f  

adhesion by TM and t h e  p o s s i b l e  s e c r e t i o n  o f  a molecule w i t h  d i f f e r e n t  

rheo log i ca l  p r o p e r t i e s  a t  low TM concen t ra t i ons  suggest t h e  involvement o f  a 

g l ycop ro te in  i n  t h e  syn thes i s  o f  t h e  adhesive. It has been suggested t h a t  

c e l l u l o s e  i s  synthes ized on a g l y c o p r o t e i n  p r imer  (MacLachlan, 1982). Perhaps 

a s i m i l a r  s i t u a t i o n  e x i s t s  w i t h  respec t  t o  t h e  d ia tom adhesive. Calcium i s  

obv ious ly  i n v o l v e d  a t  an i n t r a c e l l u l a r  and e x t r a c e l l u l a r  s i t e ( s ) .  I n t r a -  

c e l l u l a r l y  i t  may be i n v o l v e d  i n  t h e  s e c r e t o r y  process and t r a n s p o r t  o f  

ves ic les;  e x t r a c e l l u l a r l y  i t  cou ld  be i n v o l v e d  as a c r o s s - l i n k i n g  agent between 
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l o c a l i z e d  nega t i ve  charges. Which o f  t he  p rev ious  s teps i s  c o n t r o l l e d  by 

sensing o f  an e x t e r n a l  chemical s i g n a l  i s  n o t  y e t  known, b u t  i t  seems c l e a r  

t h a t  such a c o n t r o l  phenomenon i s  poss ib le .  Whether the  p o t e n t i a l  chemical 

s igna l  i s  processed d i r e c t l y  o r  a f t e r  i n t r a c e l l u l a r  metabol ic  convers ion o f  t h e  

chemical i s  n o t  known. Also unknown i s  t h e  r o l e  o f  t h e  cyc lohex im ide -sens i t i ve  

process. Perhaps t h i s  cou ld  i n v o l v e  the  induced syn thes i s  o f  a p r o t e i n  as a 

r e s u l t  o f  a chemosensory event.  These aspects o f  t h e  work w i l l  form the  bas i s  

o f  f u r t h e r  i n v e s t i g a t i o n s .  
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