
l-rrE

I TLg

EFFECT OF MANGANESE ON

GROI,IIH OF SPHAEROTILUS

DISCOPHORUS

THESIS SUB}IITTED TO THE GRADUATE DIVISION OF THE

T]NIVERSITY OF }TAWAII IN PARTIAL FI]LFILLMENT

OF THE REQUTRE}IEMS FOR THE DEGREE OF

I'IASTER OF SCIENCE

IN OCEANOGRAP}IY

AUGUST 1977

By

Jean-Pau l  N.  N ico l

T h e s i s  C o u m l t t e e :

Pau l  A .  LaRock ,  Cha i rman
K e l t h  E .  C h a v e
Edward  A .  Laws

San fo rd  11 .  S lege l



INTRODUCTION

Bacter ial  mineral  t ransformation is an i rnportant component

of  mineral  cyc l ing in  the sea.  Depending on in si tq physical

paraaeters such as pH and o>rygen tension and b io logical  Paraneters

such  as  nu t r i en t  ava i l ab i l i t y ,  bac te r i a  can  e i t he r  ox id i ze  o r  reduce

mine ra l s ,  p rec ip i t a t i ng  o r  so lub i l i z i ng  t hem.

Th i s  s tudy  w i l l  f ocus  on  one  po r t i on  o f  t h i s  ove ra l l  p i c fu re ,

bac te r i a l  Banganese  ox ida t i on .  Th i s  p rocess  has  been  i np l i ca ted

in  t he  fo rma t i on  o f  m :nganese  nodu les  (6 ) .  These  conc re t i ons  o f

Eanganese ,  i r on ,  and  t race  e lenen ts  a re  f ound  w ide l y  d l s t r i bu ted

on  the  ocean  f l oo r .

Fo r  t he  pu rposes  o f  t h i s  s tudy ,  t he  bac te r i um Sphaero t i l us

d i scopho rus  was  chosen  as  a  t es t  o rgan i su  as  i t  was  read i l y

a v a i l a b l e  a n d  h a s  b e e n  u s e d  i n  p r e v i o u s  s i m i l a r  s t u d i e s  ( I ,  7 , 9 ) .

A l t hough  S .  d i scopho rus  i s  no t  a  mAr ine  bac te r i um,  de ta l l ed  know ledge

on  the  phys io logy  o f  i t s  ab l l l t y  t o  ox id l ze  nanganese  u lay  p rov lde

a  mode l  aga ins t  v rh i ch  o the r  sys tems  may  be  comPared -

Sphae ro t i l us  d i scopho rus  i s  a  f i l amen tous  shea thed  bac te r i um

tha t  can  depos i t .  f e r r l - c  and  mangan ic  ox ides  i n  l t s  shea th .  I t  i s

gene ra l l y  f ound  i n  aqua t l c  env i ronmen fs ,  pa r t i cu la r l y  s f reams  and

d r a i n a g e  d i t c h e s .  ( 1 5 ,  5 )

Cons ide ra t i ons  such  aS  morpho log l ,  t exono6y ,  and  nu t rL t i on  a re

c o m p r e h e n s l v e l y  t r e a t e d  i n  a v a l l a b l e  r e v i e w  a r t i c l e s -  ( 1 5 ,  5 ) .

P r i ngshe lm  ( f5 )  rev iews  ea t l y  s tudys  on  Sphae ro t i l us  and  s ln i l a r

o rgan l sms .  The  recen t  wo rk  o f  Donde ro  (5 )  rev lews  the  en t l r e



l i te ra tu re  f rom 1B88 to  1974 inc lud ing  a  couprehens ive  l i s t ing

of previous reviews. l lore recent works include a study on the effect

o f  . rnganese on  the  growth  o f  S .  d iscophorus  (7 )  and a  s tudy  o f  the

ro le  o f  i r on  ox ida t i on  i n  S .  d i scopho rus  (17 )  -

The quest ion of  autot rophy in  the f i lanentous sheathed

bac te r i a  has  been  con t rove rs ia l  s i nce  1888 .  I n  t ha t  yea r  W inog radsky

(19 )  conc luded ,  f r om h i s  obse rva t i - ons  o f  Lep to th r i x ,  c l ose l y  re la ted

to  Sphae ro t i l us ,  t ha t  t he  o rgan i sm was  au to t roph i c ,  ob ta in ing  ene rgy

f ron  the  ox ida t i on  o f  f e r rous  i r on .  I n  191 I '  Mo l i sch  (13 )  pub l i shed

f i nd ings  tha t  d i sag reed  w i th  t hose  o f  W inog radsky .  He  conc luded  tha t

Lep to th r i x  was  he te ro t roph i c ,  r equ i r i ng  l ow  l eve l s  o f  o rgan i c  ca rbon

fo r  g row th .  I n  1919  L ieske  (12 )  sugges ted  tha t  Lep to th r i x  was

ab le  t o  g row  m ixo t roph i ca l l y ,  ob ta in ing  ene rgy  fo r  t he  ass lm i l a t i on

o f  o rgan i c  ca rbon  f rom the  ox ida t i on  o f  i no rgan i c  ma te r i a l ,  i . € .

mpnganous  o r  f e r rous  i ons .  Subsequen t  s tud ies  by  Cho lodny  (4 )

and  Ca ta ld l  ( 3 )  f a l l ed  t o  demons t ra te  e l t he r  au to t rophy  o r  m ixo t rophy

in  t he  members  o f  t he  Sphae ro t i l us -Lep to th r i x  g rouP .

As  fe r rous  i r on  can  spon taneous l y  ox id i ze  a t  phys io log i ca l  pH '

whe reas  manganous  manganese  does  no t ,  t he  l a t t e r  has  been  p re fe r red

ln  modern  s tud ies  o f  t he  p rob lem.  Work  by  P rav6  ( f 4 )  sugges ted  tha t

manganese  au to t rophy  n igh t  ex i s t .  Johnson  and  S tokes  (9 )  rePor ted

tha t  S .  d i scopho rus  d id  ac tua l l y  p roduce  Mn( IV )  f r om l l n ( I I ) '

consuming  o )cygen  i n  t he  p rocess ,  and  tha t  t h i s  ox ida t l on  was

med ia ted  by  an  l nduc lb le  enzyme sys tem.  A11  and  S tokes  ( f )  r epo r ted

tha t  he te ro t roph i c  g row th  was  s t imu la ted  by  t he  p resence  o f



manganous iOnS, and t .hat  autot rophic growth occurred in  a mineral

sal ts  medium conta in ing Mn(I I )  as the only enerry source and t race

leve l s  o f  b i o t i n ,  t h i am ine ,  and  cyanocoba lam in .  More  recen t  rePorEs ,

howeve r ,  have  p resen ted  ev idence  cas t i ng  doub ts  on  these  resu l t s .

( 1 8 , 7 )

Thus ,  t he  ques t i on  o f  whe the r  Sphae ro t i l us  can  ob ta in  use fu l

ene rgy  f ron  the  ox ida t i on  o f  manganese  has  rema ined  unanswered '

P rev ious  s tud ies  have  focused  on  P ro te in  as  an  es t j -m t te  o f  b i omass

( 1 , 1 8 ,  7 ) .  I n  t h e  p r e s e n c  s t u d y ,  t h e  l e v e l  o f  h i g h  e n e r g y

nuc leo t i des  cons i sC ing  p r i na r i l y  o f  Guanos ine -5 ' - t r i phospha te  (GTP)  and

Adenos ine -5 t - t r i phospha te  (ATP)  we re  used  as  an  es t ima te  o f  b i omass

in  an  a t t enpE  to  ou t l i ne  t he  response  o f  Sphae ro t i l us  d i scopho rus

to  va r i ous  concen t ra t i ons  o f  d i sso l ved  "nganese ,  
and  p rov ide  some

ins igh t  as  Eo  whe t .he r  t he  ox ida t i on  P rocess  p rov ides  use fu l  ene rgy

f o r  t h e  c e l l ,  o r  i s  a  m e a n s  o f  d e t o x i f i c a t i o n '


