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ABSTRACT 

Three projects were continued during the year and definitive data were 
collected in each case. (l) Mitochondrial polysomes in isolated organelle prep
arations were identified as sites of protein synthesis. The individual ribosomes 
of the polysomal aggregates are held together by a strand of messenger RNA, which 
guides the translation into particular proteins. These proteins were of comparable 
molecular weight to those described by others for yeast adapting to oxygen, while 
our system involved respiratory adaptation during glucose derepression. (2) The 
DNA molecules of yeast mitochondria replicate according to a Cairns-type mode and 
not according to a "rolling circle" model. The replicating molecules were of var
ied contour length, thus substantiating their reality and casting further doubt on 
the claim by Borst that all yeast mitochondrial DNA is 25-26 p.m long. (3) During 
our investigation of mitochondrial biogenesis we discovered that all the separate 
profiles of a yeast cell actually constitute sections through a single giant mito
chondrion. This discovery must lead to an extensive reevaluation of data collected 
from many studies of mitochondrial genetics and biogenesis. A new perspective is 
required since our model of the mitochondrion shows that previous notions of form, 
size, and number per cell were totally wrong. 

NARRATIVE 

Mitochondria were isolated from yeast spheroplasts undergoing glucose de
repression and incorporation of radioactive uracil into RNA and amino acids into 
proteins was followed in organelles devoid of cytoplasmic contamination or contri
bution. Radioactive uracil was incorporated into polysomal RNA and not into hS. 

or 5S species in short pulses; and the polysomal RNA species was not ribosomal. The 
one remaining RNA type which is known is messenger, and we tentatively have con
cluded that the incorporation was indicative of a mitochondrially-synthesized 
messenger RNA. Experiments designed to determine sites of protein synthesis within 
mitochondria revealed that radioactive amino acids were incorporated preferentially 
in polysomes, the synthesis could be abolished by erythromycin but not by cyclohex-
imide, and puromycin treatment led to release of nascent polypeptides from the poly
somes. Using polysome size as a measure of messenger RNA length, we calculated 
that proteins which were preferentially synthesized during respiratory adaptation 
on these polysomes had molecular weights of 27,000-30,000 and 34,000-40,000, re
spectively. Some polysome fractions were inactive in protein synthesis at these 
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times during adaptation which led us to suggest that regulation of protein synth
esis may occur at the level of translation.rather than transcription exclusively. 
Proteins of similar molecular weights were described by Schatz as being synthesized 
preferentially in yeast adapting to oxygen, a system comparable to our own. The 
evidence we have collected from electron microscopy of polysome fractions from grad
ients, incorporation of radioactive precursors, sedimentation and electrophoretic 
analyses, and physical studies all lead us to conclude that protein synthesis in 
the mitochondrion occurs specifically on polysomes under the guidance of messenger 
RNA transcripts of mitochondrial DNA information, for some proteins unique to the 
organelle during respiratory adaptation. We are the first to demonstrate the ex
istence of functional polysomes in the mitochondrion. 

Electron microscopy of mitochondrial DNA released from intact isolated 
organelles by osmotic lysis was accomplished to determine the mode of replication 
of these molecules and whether or not the DNA was a heterogeneous population of 
circles. The replicating molecules were present at one specific brief interval 
during synchronous cell growth; they formed replicating topologies of the type de
scribed by Cairns for E_. col i and not the "rolling circle" type; and the DNA con
tour lengths varied between 0.5 and 10.0 ym. Physical studies indicated that the 
DNA molecules did not include significant levels of circular forms as a result 
of hydrogen bonding of cohesive termini, but that covalently closed circles pre
dominated. Since molecules of varying lengths were found in the process of re
plication, we believe that Borst's claim is unsubstantiated and that yeast mito
chondrial DNA exists as a heterogeneous collection of circular molecules rather 
than as a homogeneous population with a contour length of 25-26 ym, as we have 
claimed all along. The genetic analysis of the yeast mitochondrion will require 
different assumptions for heterogeneous DNA than for a homogeneous 25~ym population, 
which is the major implication of our data. 

During the course of our study of mitochondrial biogenesis in synchronous 
cell cultures we perceived that all the separate mitochondrial profiles in electron 
micrograph thin-sections actually were cuts through a single giant mitochondrion 
per cell. We have reconstructed models of the organelle to scale. The mitochond
rion grows during 80-90% of the cell cycle, flowing into the developing bud cell, 
and then is pinched in two when the new wall is completed between mother and bud 
cells. The questions about mode of biogenesis must be recast in new terms since 
the older notions about growth-and-division versus addition of new membranes from 
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non-Tnitochondrial sources all were based on intracellular populations containing 
numerous, small mitochondria. Indeed, reevaluations of many kinds of mitochondrial 
studies would seem to be required because of our proposed model of the organelle; 
especially in relation to genetics and the physiological modifications during 
growth in various environments. We believe that the proposed model will have a 
profound effect on the future course of investigations of mitochondria in many kinds 
of cells in addition to yeast. We expect to complete autoradiographic analyses 
concerning mitochondrial DNA synthesis and thus to add data to our overall study 
of the mitochondrion in synchronously growing cell cultures. 

Articles published or expected to be published during this support year: 

Hoffmann, H.-P. and C.J. Avers. 1973- Mitochondrion of yeast: Structural model 
of the one giant, branched organelle per cell. Science, submitted. 

Cooper, C.S. and C.J. Avers. 1973. Evidence of involvement of mitochondrial 
polysomes and messenger RNA in synthesis of organelle proteins. Second 
Conference on Mitochondrial Biogenesis, Bari , Italy. (to be published 
in the symposium volume; will be submitted at the time of the conference 
June 25-28, 1973) 

Percentage time/effort devoted to project by Principal Investigator (Charlotte J. 
Avers) from August 1, 1972 until July 31, 1973 = 20%, academic year; 50% 
two summer months. 


