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Photosynth Res. 2002;73(1-3):5961.]| GREEN BACTERIA

PROCHLOROPHYTA
A MATTER OF CLASS DISTINCTIONS

Ralph A. Lewin

Scripps Institution of Oceanography, University of California (San Diego), La Jolla, CA,
92093-0202, USA, rlewin@ucsd.edu.

Prochloron (a marine symbiont) and Prochlorothrix (from freshwater plankton) contain
chlorophylls a and b; Prochlorococcus (common in marine picoplankton) contains
divinyl-chlorophylls a and b. Like cyanophytes they are all clearly photosynthetic
prokaryotes, but since they contain no blue or red bilin pigment they were assigned to a
new algal sub-class, the Prochlorophyta. However, since their possible phylogenetic
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Prochloron (a marine symbiont) and Prochlorothrix (from freshwater plankton) contain
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divinyl-chlorophylls a and b. Like cyanophytes they are all clearly photosynthetic
prokaryotes, but since they contain no blue or red bilin pigment they were assigned to a
new algal sub-class, the Prochlorophyta. However, since their possible phylogenetic
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Scripps Institution of Oceanography, University of California (San Diego), La Jolla, CA,
92093-0202, USA, rlewin@ucsd.edu.

Prochloron (a marine symbiont) and Prochlorothrix (from freshwater plankton) contain
chlorophylls a and b; Prochlorococcus (common in marine picoplankton) contains
divinyl-chlorophylls a and b. Like cyanophytes they are all clearly photosynthetic
prokaryotes, but since they contain no blue or red bilin pigment they were assigned to a
new algal sub-class, the Prochlorophyta. However, since their possible phylogenetic
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new algal sub-class, the Prochlorophyta. However, since their possible phylogenetic

PHYLUM: CYANOPHYTA



Photosynth Res. 2002;73(1-3):59-61.| GREEN BACTERIA

PROCHLOROPHYTA
A MATTER OF CLASS DISTINCTIONS

Ralph A. Lewin BLUE-GREEN BACTERIA

Scripps Institution of Oceanography, University of California (San Diego), La Jolla, CA,
92093-0202, USA, rlewin@ucsd.edu.

Prochloron (a marine symbiont) and Prochlorothrix (from freshwater plankton) contain
chlorophylls a and b; Prochlorococcus (common in marine picoplankton) contains
divinyl-chlorophylls a and b. Like cyanophytes they are all clearly photosynthetic

PHYLUM: CYANOPHYTA <
DIFFERENT CLASSES

o9



DIVERSITY









DISTRIBUTION









HABITAT




%
-
|
A.
N
LL
<
e
<
P




GREEN BACTERlA '3







GENERAL
CHARACTERS



CYTOLOGY



THYLAKOID






' - e
--‘ L ~l'l\w..m... "
"‘9-» .

“'s

i \
-‘\."' ‘-’""n' .\‘.-’p.. ..:.

-y
: b ' ' ; '““*w-wv-v‘“"“.-"‘ N
- ] M“.“p‘,.-_,,‘m-\_‘ ' - * ""“.“Mm drv‘ -
R """"" '*-““v-——.om T, . : ~

\4
+

‘wtb“.-m_'w‘_
- .ﬁ\u‘.-’--".__‘m‘
u‘ Vo M S > o

- ,&... e . = 4

CYANOBACTERIA

- —_— o e e e — — P a— - —
o T S T S w,r'r‘w "\'.._. |3 s

PV SEINPRSTIERNESTSTINENUE LS D S et e L e TS e .

GREEN BACTERIA ;

A T — n —

- - ] .
e St — ," N h -, - b | - < .

SN



' - e
--‘ L ~l'l\w..m... "
"‘9-» .

“'s

i \
-‘\."' ‘-’""n' .\‘.-’p.. ..:.

i wv—'v-‘* M“.“~'~~"M —
MM ‘M“‘V -

‘wtb“.-m_'w‘_
- .ﬁ\u‘.-’--".__‘m‘
u‘ Vo M S > o

- ,&... e . = 4

CYANOBACTERIA

- —_— o e e e — — P a— - —
o T S T S w,r'r‘w "\'.._. |3 s

PV SEINPRSTIERNESTSTINENUE LS D S et e L e TS e .

GREEN BACTERIA ;

A T — n —

- - ] .
e St — ," N h -, - b | - < .

SN



' - e
--‘ L ~l'l\w..m... "
"‘9-» .

“'s

i \
-‘\."' ‘-’""n' .\‘.-’p.. ..:.

i wv—'v-‘* M“.“~'~~"M —
MM ‘M“‘V -

‘wtb“.-m_'w‘_
- .ﬁ\u‘.-’--".__‘m‘
u‘ Vo M S > o

- ,&... e . = 4

»<]  STACKED
| THYLAKOID
VESICLES

- —_— o e e e — — P a— - —
o T S T M ALY w,r'r‘w "\'.._. |3 s

PV SEINPRSTIERNESTSTINENUE LS D S et e L e TS e .

GREEN BACTERIA ;

R —

o i ——




' - e
--‘ L ~l'l\w..m... "
"‘9-» .

“'s

i \
-‘\."' ‘-’""n' .\‘.-’p.. ..:.

i wv—'v-‘* M“.“~'~~"M —
MM ‘M“‘V -

‘wtb“.-m_'w‘_
- .ﬁ\u‘.-’--".__‘m‘
u‘ Vo M S > o

- ,&... e . = 4

CYANOBACTERIA

- —_— o e e e — — P a— - —
o T S T S w,r'r‘w "\'.._. |3 s

PV SEINPRSTIERNESTSTINENUE LS D S et e L e TS e .

GREEN BACTERIA ;

A T — n —

- - ] .
e St — ," N h -, - b | - < .

SN



TRUE PLANT
CHLOROPLAST

ULTRASTRUCTURE

STROMA

DOUBLE MEMBRANE

"

THYLAKOID
CHL A&B + CAROTENOIDS

~ . THYLAKOID

GRANA

STACKED

VESICLES

By N\
\
.‘.
N
\\
" g |
L
&
>3
\ - ;4 F,
- N /
’tf:'vf'l\‘.’\
“{'ﬁ‘f
B
"\\ =



GREEN BACTERIA
GRANA
PRESENT

TRUE PLANT CHLOROPLASTS
GRANA
PRESENT

CYANOBACTERIA / GREEN BACTERIA



PIGMENTATION



PRIMARY
PHOTOSYNTHETIC
PIGMENTS



' - e
--‘ L ~l'l\w..m... "
"‘9-» .

“'s

i \
-‘\."' ‘-’""n' .\‘.-’p.. ..:.

-y » .
’ b -3 > | v - ) A “—-‘w‘wm ‘_‘ '~-
o Qv‘“d’“m“.“p"~~"m~\.‘ ' - * M‘AMWUW‘ ol

“‘“"""'“"““ -l ' ’ ) LTI .. o) i I ) e

3 *

s Py ey w"' X ”‘q‘ ‘.,
v

’-\.“"' s e s W % "‘.
. . Fuil o
e PR A5 1.
g .

ot P -3 , ot

S e

" .

o - - » ' ".' £
<l = . W A, (Q.'\'

- -
AR, ‘—Aa.!,“- AR A o

CYANOBACTERIA

- —_— o e e e — — P a— - —
o T S T S w,r'r‘w "\'.._. |3 s

PV SEINPRSTIERNESTSTINENUE LS D S et e L e TS e .

GREEN BACTERIA ;

A T — n —

- - ] .
e St — ," N h -, - b | - < .

SN



_‘ ."" : 5 » L*:‘_‘ ¢ I \f'r""l";w;;n;\':u";,i
A e
* 4 ~1 PSYN PIGMENTS
7S HIGH

CONCENTRATION

. N - SR g I

~ S i, M —n':‘“ T cat o -

)'..:’ “ 2 -p*
.3 .

s Ay, - ———————— —

- "y - - oe

Ehh 8 M e AN
A it ANl tntptmmrtl e ~
- ,-~- . y " SN -

1 THYLAKOID

CYANOBACTERIA

PRI .. gmgdnev st i Tt AT e A ¢ z -
: L T L M'* ~ enin ~. o I XN VN
) :

. PV PNESERPRSSEEETRSTRETIRE L B E D ST i S S S S RN -iJ

GREEN BACTERIA ;

o —— - A T — ~ —

g B i ). i - h, " 4 i 5 AT N




_‘ ."" : 5 » L*:‘_‘ ¢ I \f'r""l";w;;n;\':u";,i
A e
* 4 ~1 PSYN PIGMENTS
7S HIGH

CONCENTRATION

. N - SR g I

. -—

e
"

e i o
-p* »

S
N At it ——rea . )
- -y - - - S
Ehh 8 M e AN
A bt SOy Atk LA LS 5 ~
: ."'._ y " SN e -
. - ’ . »

A . . ’ . ) . .
et o ' ‘ Kol £
. “s3 P (AP ) W
“ "y
e CHLA&B
.'. » -.: T a ‘.' ’ . .
» B8 % ']_ o @« . ¥
NS  w at \

CYANOBACTERIA

PRI .. gmgdnev st i Tt AT e A ¢ z -
: L T L M'* ~ enin ~. o I XN VN
) :

. PV PNESERPRSSEEETRSTRETIRE L B E D ST i S S S S RN -iJ

GREEN BACTERIA ;

o —— - A T — ~ —

g B i ). i - h, " 4 i 5 AT N




TRUE PLANT

CHLOROPLAST
ULTRASTRUCTURE

DOUBLE MEMBRANE

STROMA

GRANUM

—~ VESICLES

¢
‘\\ : “ 2 52 ¥ ?
X o o “ e -
_"". ” -~ \'fg’# . 5

-
- . . n O
= &

THYLAKOID NN
CHLA&B




GREEN BACTERIA
~1 PSYN PIGMENTS
CHL-A & CHL-B

TRUE PLANT CHLOROPASTS
~1 PSYN PIGMENTS
CHL-A & CHL-B

CYANOBACTERIA / GREEN BACTERIA



SECONDARY
PHOTOSYNTHETIC
PIGMENTS



' - e
--‘ L ~l'l\w..m... "
: ‘h}‘ - P “'\.’

i \
-‘\."' ‘-’""n' .\‘.-’p.. ..:.

. ""““"’“‘Oﬂ-——-“.“p‘,.-_.“m-\_‘ . ' .
""th-mm - ' SN
N

n ,_\.“,., -yt

e . . W = Wi “5 Qo' \..
ies : th T ey o e ST L 1
- - v - -~ e
2 -t ‘—Aa.!,“- el o

CYANOBACTERIA

- —_— o e e e — — P a— - —
o T S T S w,r'r‘w "\'.._. |3 s

PV SEINPRSTIERNESTSTINENUE LS D S et e L e TS e .

GREEN BACTERIA ;

A T — n —

- - ] .
e St — ," N h -, - b | - < .

SN



_‘ ."" : 5 » L*:‘_‘ ¢ I \f'r""l";w;;n;\':u";,i
A e
* 4 ~2 PSYN PIGMENTS
7S LOW

CONCENTRATION

. N b S ol B

. -—

e
"

T i e e T
o -

S "
s Ay, - —— . ' ’
- "y oy p - - o
. M A
A st AN ol s e -~
[ Sra ot ) y SN e -

THYLAKOID

PV SEINPRSTIERNESTSTINENUE LS D S et e L e TS A~ 3

GREEN BACTERIA ;

e il . — ~ -
- - . p

i o = — = ~ il s TS S Tl » - » Bar 77 " o -
N e~ P et .~ ...
» "

. . . ' ’
YR YS -” ey " < .




_‘ ."" : 5 » L*:‘_‘ ¢ I \f'r""l";w;;n;\':u";,i
A e
* 4 ~2 PSYN PIGMENTS
7S LOW

CONCENTRATION

. N b S ol B

. -—

e
"

T i e e T
o -

3 )
s Ay, - —— . ' ’
- "y oy p - - o
. M A
A st AN ol s e -~
» Y ) y SN e -
ol . -

P A NS A A K B 4T
. “s3 P (AP ) W
"o
PHYCOBILINS
.". ~ -..' T ‘.' y .'. o
& -l.‘;.-' o a .

PV SEINPRSTIERNESTSTINENUE LS D S et e L e TS A~ 3

GREEN BACTERIA ;

e il . — ~ -
- - . p

i o = — = ~ il s TS S Tl » - » Bar 77 " o -
N e~ P et .~ ...
» "

. . . ' ’
YR YS -” ey " < .




_‘ ."" : 5 » L*:‘_‘ ¢ I \f'r""l";w;;n;\':u";,i
A e
* 4 ~2 PSYN PIGMENTS
7S LOW

CONCENTRATION

. N b S ol B

. -—

e
"

T i e e T
o -

3 )
s Ay, - —— . ' ’
- "y oy p - - o
. M A
A st AN ol s e -~
» Y ) y SN e -
ol . -

Nap ¥, . L ‘ U
. U . ' .
- o ) 'y '

2| PHYCOBILINS
fa ABSENT

PV SEINPRSTIERNESTSTINENUE LS D S et e L e TS A~ 3

GREEN BACTERIA ;

e il . — ~ -
- - . p

i o = — = ~ il s TS S Tl » - » Bar 77 " o -
N e~ P et .~ ...
» "

. . . ' ’
YR YS -” ey " < .




_‘ ."" : 5 » L*:‘_‘ ¢ I \f'r""l";w;;n;\':u";,i
A e
* 4 ~2 PSYN PIGMENTS
7S LOW

CONCENTRATION

. N b S ol B

. -—

e
"

T i e e T
o -

S "
s Ay, - —— . ' ’
- "y oy p - - o
. M A
A st AN ol s e -~
[ Sra ot ) y SN e -

THYLAKOID

PV SEINPRSTIERNESTSTINENUE LS D S et e L e TS A~ 3

GREEN BACTERIA ;

e il . — ~ -
- - . p

i o = — = ~ il s TS S Tl » - » Bar 77 " o -
N e~ P et .~ ...
» "

. . . ' ’
YR YS -” ey " < .




_‘ ."" : 5 » L*:‘_‘ ¢ I \f'r""l";w;;n;\':u";,i
A e
* 4 ~2 PSYN PIGMENTS
7S LOW

CONCENTRATION

. N b S ol B

. S i, M .n':‘*. VTt -

o lot o' T
’ . - ‘. .
A ey - — - ’
‘ vy M— - \"'_‘"-""N
R e i e AN
CAS it AN el Mgt s Y, -
» gl " SN e
» Roalll . .

At 5T o i A X )47
i+] CAROTENOIDS
o J. ._._. : ¥ = t.-

PV SEINPRSTIERNESTSTINENUE LS D S et e L e TS A~ 3

GREEN BACTERIA ;

e il . — ~ -
- - . p

i o = — = ~ il s TS S Tl » - » Bar 77 " o -
N e~ P et .~ ...
» "

. . . ' ’
YR YS -” ey " < .




_‘ ."" : 5 » L*:‘_‘ ¢ I \f'r""l";w;;n;\':u";,i
A e
* 4 ~2 PSYN PIGMENTS
7S LOW

CONCENTRATION

. N b S ol B

. S i, M .n':‘*. VTt -

PO 7
- J M

s Ay, - —— . ' ’
- "y oy p - - o
. M A
A st AN ol s e -~
» Y ) y SN e -
ol . -

Nap ¥, . L ‘ U
. U . ' .
- o ) 'y '

2| CAROTENOIDS
PRESENT

PV SEINPRSTIERNESTSTINENUE LS D S et e L e TS A~ 3

GREEN BACTERIA ;

e il . — ~ -
- - . p

i o = — = ~ il s TS S Tl » - » Bar 77 " o -
N e~ P et .~ ...
» "

. . . ' ’
YR YS -” ey " < .




' 1]
i ‘m"‘\\ﬁ-mn- e

)
i ~ . » .
k‘,‘:"",e'?"{c N l;\.h» L ~,r

LA e T ——

'oo..

. ""‘“\o-——“.“p‘,.-_ B Py o,
MM“_‘”

L, L, Ml S el et i o, S -
”‘!‘ —-M— .
.—N
Loh '.t--o-4- e

. , .
. ‘..-"o
LX* »

' . H

D Lo it it w4 AN WP L SR it -ML e 3

GREEN BACTERIA ;

- S —g ~ -

- . . ] g ’
oo e A W AR NP

- " bl # s bee 3 L SF NS
) _




' v ‘4 'e
gy & ~rr'l'x\w..,,,.~“
AT e’ %;\-b»’ a2

“Y‘
LA S ¢t e

“""W'"‘"‘N“"‘.(i oy

- -
b I —d ‘.._._.,.; <
.‘ ,v‘o«m“.“p‘,‘-_“mh ! ‘
. m“\—"—‘“.‘“- o




FiT B 3 ' P e
Ve "’ s ~r‘r't';\w.. ™

> P, o

Lﬁ" '-C.-,')’ (Q.n,‘ Pt b2

J_A

"“'\
T

g
. ."o
h x b . . < . . - ~—~—-—.m‘~‘vv—v~‘ v.La v~-
4 Q"‘“d’“m.“p"~~“ . T N— - | * m“ - -w‘ o 2 ”'f‘
MM“-‘”“‘M , : ' 3 . umvw .‘ v . '.}‘. 3 ‘.
i R T L, *7 ‘:"‘.
v

~ .-\.“ru e e ) %' “:'.
. g AT
f” ’o.o". o :‘_m '” t "‘.
I AP, e o ._'5' Baors, o

S e

- - R —— — - R — - —
o T S T o 1‘< w:r'r‘w "'\'..' Li BV N

PV SEINPRSTIERNESTSTINENUE LS D S et e L e TS e .

GREEN BACTERIA ;

R —

o i ——




' v ‘4 'e
gy & ~rr'l'x\w..,,,.~“
AT e’ %;\-b»’ a2

“Y‘
LA S ¢t e

“""W'"‘"‘N“"‘.(i oy

- -
b I —d ‘.._._.,.; <
.‘ ,v‘o«m“.“p‘,‘-_“mh ! ‘
. m“\—"—‘“.‘“- o




TRUE PLANT

CHLOROPLAST
ULTRASTRUCTURE

DOUBLE MEMBRANE

STROMA

GRANUM

e~ « | [VEsICLES
/ N iy N
/ ‘ l"‘/ .....
> /,
( . 4 \
.. : - N
.i':}. {
‘\' v W \h’ g “’*f;z'ﬁr‘ : ? |

- . . TS
> e 4

THYLAKOID NN
CHLA&B + CAROTENOIDS




CYANOBACTERIA / GREEN BACTERIA
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