lhesymbiont had become an organelle—a chloroplast.  karyote and the other from the plasma membrane of
Al plastids subsequently evolved from this original = the cyanobacterium.

(horoplast. Evidence for the single origin of plastids At least three secondary endosymbiosis events
omes from a variety of sequence comparisons, includ-  led to the plastids in other protists (see Figure 26.22).
ngrecent sequencing of the genomes of key protists, In each case, a nonphotosynthetic eukaryote engulfed
ared alga and a diatom. a photosynthetic eukaryote, and new evolutionary lin-

The first photosynthesizing eukaryote was essen- eages were produced. In one of these events, a red
fially an ancestral single-celled alga. The chloroplasts  alga ancestor was engulfed and became an endosym-

ifthe Archaeplastida—the red algae, green algae,and  biont. In models accepted by a number of scientists,
and plants—result from evolutionary divergence of  the transfer of functions that occurred over evolution-
this organism. Their chloroplasts, which originate  arytime led to the chloroplasts of the heterokonts and
fom primary endosymbiosis, have two membranes,  the dinoflagellates. And, from the same photosyn-
one from the plasma membrane of the engulfing eu-  thetic ancestor, loss of chloroplast functions occurred

FUNANSWERED QUESTIONS |
What was the first eukaryote? s still very much a cyanobacterium and has undergone little of the
Since prokaryotes precede eukaryotes in the fossil record, we assume modification and streamlining we see in the red or green algal
that eukaryotes arose after prokaryotes. The first eukaryote would plastids.
 have been some sort of protist—a single-celled organism with a nu- After a primary endosymbiosis was established, the second chapter in
ceus and some rudimentary organelles, perhaps even a half-tamed plastid acquisition could take place. Secondary endosymbiosis involves a
. | mitochondrion. One approach to identifying which of the surviving eukaryotic host engulfing and retaining a eukaryotic alga. Essentially, sec-
protists is the most ancient has been to infer evolutionary trees from ondary endosymbiosis can convert a heterotrophic organism into an au-
gene sequence data. To determine the earliest branching eukaryote, totroph by hijacking a photosynthetic cell and putting it to work as a solar-
 these trees need to include the prokaryotes. But herein lies the prob- powered food factory. Secondary endosymbiosis results in plastids with
em—prokaryotes are very distant, evolutionarily speaking, from even three or four membranes, and we know that it occurred at least three
the simplest eukaryotes, and the mathematical models used to con- times—once for the euglenoids, once for the chlorarachniophytes, and
struct evolutionary trees are not yet up to the job. Initially, these once for the chromalveolates (a proposed grouping of heterokonts and
' models suggested that some protist parasites, like the excavates alveolates). We can even tell what kind of endosymbiont was involved by
' Giardia and Trichomonas, might be the most ancient eukaryotes, and | thebiochemistry and genetic makeup of the plastid: a green alga for eugle-
this idea fit nicely with the fact that these protists lacked mitochon- noids and chlorarachniophytes, and a red alga for chromalveolates. The
dria. Indeed, for a time it was thought that the excavates might actu- number of secondary endosymbioses is hotly debated, largely because
aly have diverged from the eukaryotic branch of life before the es- not all protistologists support the existence of chromalveolates. Some
tablishment of mitochondria. Nowadays, we know that Giardia and contend that there were multiple, independent enslavements of different
- Trichomonas did initially have mitochondria. The latest research red algae to produce the dinoflagellates, heterokonts, and apicomplex-
shows that they even have a tiny relic of the mitochondrion, though ans. Understanding these events is crucial to confirming or refuting the
- | exactly what it does in these oxygen-shunnjng parasites remains to proposed chromalveolate “supergroup.”
e figured out. Thus, trees depicting Giardia and Trichomonas at the A nice example of secondary endosymbiosis-in-action was recently
| | base of the great expansion of eukaryotic life must be viewed with discovered by Japanese scientists who found a flagellate, Hatena, with
| some caution—these protists might be the surviving representatives a green algal endosymbiont. Hatena hasn’t yet assumed control of en-
of the earliest cells with a nucleus, but they might not be. We simply dosymbiont division and has to get new symbionts each time it divides,
need better methods for identifying just what the first eukaryotes SO it appears to be at a very early stage in establishing a relationship.
were like. We also want to know how secondary endosymbioses proceed because
; : . . , _ they have been a major driver in eukaryotic evolution. The heterokonts,
' How many times did plastids arise by endosymbioses? y J . ¢
for instance, are the most important ocean phytoplankton and are key
For many years researchers thought that the green algae, plants, and il | |
| _ _ g to ocean productivity and global carbon cycling. Knowing exactly how
red algae were the only organisms to have primary endosymbiosis- , |
. . * _ they got to be autotrophs in the first place is fundamental to under-
derived plastids. However, a second, independent primary endosym- , he 1Y
- . . | standing the world we live in.
biosis has been recently discovered in which a shelled amoeba has
captured and partially domesticated a cyanobacterium. This organ- Dr. Geotf McFadden is a professor of botany at the University
ism, known as Paulinella, is a vital window into the process by which O{Me?boume‘ He studies the early evolution of eukaryotes,
. i . especially the origin and evolution of plastids and mitochon-
autotrophic eukaryotes first arose some 600 million years. Paulinella . | ¥ o
| | | dria. You can learn more about his research by visiting
- has tamed the cyanobacterium sufficiently to have it divide and seg- http://homepage.mac.com/fad1/McFaddenLab.html.
regate in coordination with host cell division, but the endosymbiont
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