
A 13-K~bda.kon Maize Mitochondria1 Protein in E. PATH 3-mf~3-T construct,  PATH^^-T, is 

wli Confers Sensitivity to Bipolark mqdk Toxin transcriptionally regulated by the np pro- 
moter of E. cdi and produces a 13-kD 
 rotei in that cross-reacts-with an antiserum 
to the U$3-T protein and comigrates elec- R. E. DEWEY, J. N. SIEDOW, D. H. TIMOTHY, C. S. LEVINGS 111 trophoretically with the mitochondrial 
~ $ 3 - T  protein product of M-T maize as 

The Texas malt-sterile cytoplasm (mu-T) of maize carries the cytoplasmically inhaited determined by protein blot analysis (Fig. 1). 
trait of male sterility. Mitochondria isolated from ar-T maize are specifically sensitive Nudeotide sequence analysis confirmed that 
to a toxin (BmT-toxin) produced by the fUngal pathogen B w  -dby race T, and the U$3-T reading h e  in pATH13-T 
the cacbamate h e d a d e  methomyl. A mitochondrial gene unique to am-T milizc, was identical with the maize reading fiame 
which produces a 13-kilodalton polypeptide assodated with cytoplasmic male sterilityy (11). Although identical in nucleotide se- 
was expressed in l3abkbh cdi.  After addition of BmT-toxin or methomyl, inhibition quence, a difference in amino acid composi- 
of whole cell @tion and swelling of spheroplasts were observed in lkberMa wli ' tion of the pATH13-T and U$3-T proteins 
cultures producing the novel mitochondrial pain., these cEscts arc similar to those may exist because of a possible difference in 
observed with isolated M-T mitochondria. The amino-taminal region of the 13- codon usage. In higher plant mitochondria, 
kilodalton polypeptide appears to be essential for p r o p  interaction with the BmT- CGG codons are believed to designate ayp- 
toxin and methomyl. T%ese results implicate the 1 3 - k i l d t o n  polypeptide in confer- tophan rather than arginine as predicted by 
ring toxin sensitivity to mitochondria of mu-T maize. the universal code (12). Urfl3-T and 

pATH13-T contain a single CGG codon, 

M AIZE (Zm mu.  L.) PLANTS CAB- A p i b l e  explanation for the simulta- corresponding to amino acid position 87 
tying Texas male-sterile cyto- neous reversion of the two traits is that a (6). 
plasm (mu-T) are particularly sus- single locus of extranudear origin encodes A truncated version of the U$BT gene, 

ceptible to the fungal pathogen Bipda*rr both phenotypes. We have recently isolated pJG 13-T, that produces a form of the 13- 
(H~l~tztthwpmium) may&, race T, the caw- and characterized a unique mitochondrial kD protein missing amino acids 2 through 
ative agent of Southern Corn Leaf Blight gene firom arr-T plants, designated ~$3-T, 11 was also constructed and expressed in E. 
(I). A host-specific pathotoxin (BmT-toxin) that encodes a 13-kD protein associated cdj by means of the plasmid vector pJG200 
isolated fiom the fungus specifically alters with the ans trait (6-9). To determine (13). Construct pJG13-T is under thermoin- 
membrane permeabilities of mitochondria whether this ans-associated protein is in- ducible control of the CI857 themlabile 
fiom M-T maize. A carbamate inxcticide, volved with susceptibility to disease patho- repressor and& promoter of bacteriophage 
methomyl, mimics BmT-toxin e&cts (2). In genicity, we expressed the U$3-T gene in A. E r d d  wk cells containing plasmid 
response to BmT-toxin or methomyl, arr-T E r w  odi and studied the effects of pJG13-T abundantly expressed the modified 
mitochondria exhibit rapid swelling, uncou- BmT-toxin and methomyl in this heterolo- form of the 13-kD protein after temperature 
pling of oxidative phosphorylation, inhibi- gous system. induction at 42°C (Fig. 1). 
tion of malate-driven respiration, and leak- The entire ~ $ 3 - T  gene was cloned into We measured the effects of the BmT-toxin 
age of small molecules such as NAD+ and the plasmid vector PATH 3 and expressed in and methomyl on respiration in E. cdi cells 
Ca2' (3,4). The site of toxin and methomyl E. wli strain JM109 as described (10). The containing the pATH13-T and pJG13-T 
action is believed to be at the inner mito- 
chon&al membrane. Two other distinct flg. 1. Expression of the ~ $ 3 - T  protein product of m - T  a b c d e 

cytoplasms, s and c (arr-~), confer mitochondria in E. wli. Protein preparations from nnr-T mito- - - 1 ~  .L- .. -- - 18 

chondria and E. wli were separated electrophoretically in 18% 
cytoplasmically inherited male s t d ~  to (wt/vol) SDS-plyacrylamide gels and blotted to nitrocellulose L- - 1 4  

mahe. Mitochondria from maize plants con- (15). Protein blots were challenged with an antiserum directed 
raining .either the S or C male-sterile or against the uvfl3-T gene product as described (7). Lane a, total - 6 

(male-fert.) ,-+OP~ms are mitochondria1 proteins from nnr-T maize (inbred 873) (7). 

fmed by the BmT-toxin or methomyl. Total E. wli proteins were examined fiom cells containing the following plasmids: PATH 3 (lane b), 
pATH13-T (lanes c and d), and pJG13-T (lane e). CLIkUreS were induced for maximal plasmid 

A strict correlation exists between suscep- expression for all cells except those in lane c, which were grown in a noninducing medium (10, 13). 
tibility to the B. my& pathotoxin and the Approximate molecular masses (in kilodaltons) were determined by running molecular weight markers 
cytoplasmic male-sterility (ans) trait in arr- (BRL) in parallel lanes. 

T maize. Both traits are maternally inherited 
and attempts to separate the two effects have ~ 1 ~ .  2. of B ~ T - ~ ~  A B 
been u n s u d .  Regeneration of anr-T and methomyl on  O2 con- 
maize callus firom h e  cult- both with sumption of E. di cells ex- 
and without BmT-toxin selection has given ;'''S6$ z&::-Tf 

to ~~t plants that are not only BmT-- (780 ng/ml) 
resistant to the BmT-toxin, but are also male- or  methomyl (4 mM) we= 
M e ;  no stable revemnts have been obtained made to E. wli cultures ex- 
that are male-sterile and toxin-resistant or P ~ ~ " ~ ~ ~ P ~ ~ P * T H  

male-fertile and toxin sensitive (5). 3 (A), pATH13-T (B and 
C), and pJG13-T (D). The 
reaction medium contained 

R E. Dewey and D. H. T Dcpamnt of Cro 42 mM Na2HP04, 22 mM 
SCkIKC, NO* bh si%~VCl'Slt)', hk& ~8 KH2P04, 8.5 mM Nach 19 
27695. mM NH.+Cl, 10 mM glu- J. N. Sicdow, 
w . N C  2w dm' UnivQSiw cox, and han 150 to 200 pg of  E. r d  protein. Orysn consumption was measured polarographicaUy 
c.s.Lcvm$q 9Y-  w- with a Clark oxygen e l d e  at 25°C. Respiration rates are expressed as nanomoles of O2 consumed 
ma State Uwcts~ty, eigh, NC 27695. per minute per milligram of E. di protein. 
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plasmids. Oxygen consumption was com- 
pletely inhibited by the addition of BmT- 
toxin (780 nglml) or methomyl(4 mM) in 
cells producing the complete 13-kD protein 
(Fig. 2, B and C). Respiration was not 
altered by toxin or methomyl in control cells 
transformed with the PATH 3 vector con- 
taining no insert (Fig. 2A), or in the cells 
producing the truncated version of the 13 
kD protein (Fig. 2D). 

The time required to completely inhibit 
respiration after toxin addition in E. wli cells 
was dependent on the concentration of the 
toxin. Although O2 consumption was com- 
pletely inhibited at toxin concentrations of 
7.8 nglml, 8 to 9 minutes were required for 
full inhibition (11). In contrast, complete 
inhibition was achieved after approximately 
1 minute of exposure to toxin at 780 ng /d  
(Fig. 2B). 

In cms-T mitochondria, BmT-toxin and 
methomyl cause a rapid decrease inAsm that 
has been interpreted as mitochondrial swell- 
ing (3). BmT-toxin and methomyl induced 
dramatic swelling in spheroplasts from E. 
cdi cells that produced the 13-kD polypep- 
tide (Fig. 3, B and C); no effect was seen 
with spheroplasts containing the PATH 3 
control plasmid (Fig. 3A). In accord with 
the respiration results, E. wli spheroplasts 
producing the truncated 13-kD protein 
from plasmid pJG13-T showed no stimula- 
tion in swelling after the addition of toxin or 
methomyl (1 I). 

To determine the effect of the BmT-toxin 
on E. wli growth, the AS, of pATH13-T 
induced cell cultures was monitored for 
several hours both in the presence and ab- 
sence of toxin. No growth was detected in 
E. wli cultures (logarithmically growing) 
expressing the 13-kD polypeptide during a 
6-hour period after addition of BmT-toxin 
(780 nglrnl), whereas the same cells without 
toxin exhibited growth rates similar to cells 
containing the PATH 3 control plasmid 
(11). 

Fig. 3. Effect of BmT-toxin and A 
methomyl on the A1120 of E. wli 
spheroplasts expressing the 13-kD 
ar-T protein. Decrease in absor- 
bance of ar-T mitochondria by 
BmT-toxin and methomyl has been 
interpreted as mitochondrial swell- 

- 
ing (3). Erchnicbh wli cells express- 
ing the plasmids PATH 3 (A) and 
pATH13-T (B and C) were treated &EL. 
with toxin (780 nglml) and metho- 1 min 

my1 (4 mM) . Eschcrichia wli sphero- 
plasts were prepared as outlined 
(1 6). Absorbance measurements 
were made spectrophotometrically 
in a medium containing 10 mM 
ais-HC1, pH 8.0, 30% sucrose, 10 
mM EDTA, 10 mM glucose, and 
from 0.45 to 0.6 mg of E. wli pro- 
tein in a final volume of 2.0 ml. 

Incubation of cms-T maize mitochondria 
with d i c y c l o h e x y 1 ~ d e  (DCCD), a 
reagent that preferentially binds covalently 
to carboxyl groups in hydrophobic regions 
of proteins, confers protection against the 
effects of BmT-toxin (14). Pretreatment of 
mitochondria with 4 to 15 pikf DCCD 
prevents toxin-induced inhibition of malate- 
dependent oxidation, dissipation of the 
membrane potential, and leakage of accu- 
mulated calcium. Preincubation with the 
water-soluble carbodiimide, l-ethyl-3-(3-di- 
methylaminopropyl)carbodiimide, does not 
protect cms-T mitochondria from toxin ac- 
tion (14), suggesting that DCCD modifies a 
component situated in a hydrophobic envi- 
ronment. 

Two major DCCD-binding proteins, ap- 
proximately 6 and 14 kD in s k ,  were 
observed when normal and cms-T mitochon- 
dria were incubated with '4C-labeled 
DCCD (Fig. 4). The 6-kD protein presum- 
ably is subunit 9 of the mitochondrial aden- 
osine mphosphate synthase complex, a poly- 
peptide commonly referred to as the 
DCCD-binding protein. The identity of the 
14-kD polypeptide is unknown. Immuno- 
precipitation of [ ' 4 C ] ~ ~ l a b e l e d  maize 
mitochondrial proteins with an antiserum 
direaed against the ~ $ 3 - T  protein product 
revealed that DCCD binds to the 13-kD 
protein (Fig. 4). In our gel system the 
DCCD-labeled 13-kD polypeptide comi- 
grated with the [14C]DCCD-labeled l4kD 
protein observed in both normal and T 
cytoplasms. Similar to its characteristics in 
cms-T mitochondria, the 13-kD polypeptide 
produced in E. wk by pATH13-T is also 
Iodized in the membrane and binds DCCD 
(11). In theE. cdi system, we have also been 
able to confer resistance to the BmT-toxin 
by preincubating cells with DCCD (1 I). 

The evidence indicates that the amino- 
terminal region of the 13-kD polypeptide is 
involved in conferring BmT-toxin and 
methomyl susceptibility to cms-T mitochon- 

Tot; lmmpt 

Fig. 4. DCCD binding to mitochondrial proteins 
from n o d  (N) and mak-sterile (T) cytoplasms 
of maize. Total mitochondrial proteins were la- 
beled with ["CIDCCD (Amersharn), separated 
on SDS-polyacrylamide gels, and detected by 
autoradiography as described (17). DCCD-la- 
beled mitochondrial protein preparations were 
immunoprecipitated (Immpt) with an antiserum 
directed against the protein product of u@3-T 
(7). Mitochondria were isolated from etiolated 
scadllngs of the maize inbred B73 (7). Approximate 
molecular masses are indicated in kilodalm. 

dria or E. wli. Hydropathy profiles suggest 
that the amino-terminal portion of the pro- 
tein is the region most likely associated with 
the membrane (7), the site where toxin 
action is believed to occur. In addition, E. 
wli cells that express the truncated fbrm of 
the 13-kD protein encoded by plasmid 
pJG13-T, lacking amino acids 2 to 11 from 
the amino terminus, are not sensitive to 
BmT-toxin or methomyl. The truncated 
protein, like the intact 13-kD polypeptide, is 
localized in the membrane of E. wli (11). 
Therefore resistance in these cells cannot be 
explained simply by a lack of association 
between the truncated protein and the mem- 
brane. 

The ability to confer sensitivity to BmT- 
toxin and methomyl in E. wli cells by ex- 
pressing the pATH13-T plasmid is compel- 
ling evidence that an interaction between 
the toxin (or methomyl) and the 13-kD 
protein of cms-T maize mitochondria is re- 
sponsible fbr the deleterious effects of this 
toxin in mu-T mitochondria. Synthesis of 
the 13-kD protein in E. wk may be a 
convenient system for investigating the in- 
teraction between toxin and protein and the 
mechanism by which respiration is inhibit- 
ed. The heterologous E. wli system may be 
valuable because mutagenesis studies can 
easily be conducted to determine the specific 
amino acids or domains of the 1 3 - 0  poly- 
peptide necessary for susceptibility to BmT- 
toxin and methomyl. 
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DNA Amplification for Direct Detection of HIV-1 in 
DNA of Peripheral Blood Mononuclear Cells 

By means of a selective DNA amplification technique called polymerase chain reaction, 
proviral sequences of the human immunodeficiency virus (HIV-1) were identified 
directly in DNA isolated from peripheral blood mononuclear cells (PBMCs) of 
persons seropositive but not in DNA isolated from PBMCs of persons seronegative for 
the virus. Primer pairs from multiple regions of the H N - 1  genome were used to 
achieve maximum sensitivity of provirus detection. HIV-1 sequences were detected in 
100% of DNA specimens from seropositive, homosexual men from whom the virus 
was isolated by coculture, but in none of the DNA specimens from a control group of 
seronegative, virus culturenegative persons. However, H N -  1 sequences were detect- 
ed in 64% of DNA specimens from seropositive, virus culturenegative homosexual 
men. This method of DNA amplification made it possible to obtain results within 3 
days, whereas virus isolation takes up to 3 to 4 weeks. The method may therefore be 
used to complement or replace virus isolation as a routine means of determining H N -  
1 infection. 

A LTHOUGH SEROLOGIC ASSAYS IDEN- 

tify persons with prior exposure to 
human immunodeficiency virus 

( H N - l ) ,  they do not specifically determine 
current infection; this requires isolating the 
virus from an HIV-1-seropositive person. 
HIV- 1 isolation involves prolonged coculti- 
vation of peripheral blood mononuclear 
cells (PBMCs) with phytohemagglutinin 
(PHA)-stimulated lymphocytes from an un- 
infected donor or with a susceptible unin- 
fected indicator cell line (1). The procedure 
takes up to 3 to 4 weeks and lacks sensitivity 
in that viruses cannot be consistently isolat- 
ed from persons with documented infec- 
tions (2-4). 

The objective of this study was to directly 
determine the presence of HIV-1 genetic 
information in the DNA from PBMCs of a 
patient and to correlate this with the ability 
to isolate virus from the same patient. The 
number of peripheral blood lymphocytes 
expressing viral RNA, as detected by in situ 
hybridization (5), in an infected person is 
less than 1 in 10,000 cells; therefore, we 
used a DNA amplification technique (6- 

amplified region; a specific restriction endo- 
nuclease was then used to cleave the result- 
ant hybrid to yield an HIV-1 diagnostic 
fragment (8). This PCR technique takes less 
than 3 days to complete. 

We tested three groups of patients (Table 
1) for the presence of HIV-1 proviral DNA 
in their PBMCs. Those in group A (n = 11) 
were randomly selected seropositive and vi- 
rus culture-positive homosexual men from 
California (12); those in group B (n = 11) 
were randomly selected seropositive and vi- 
rus culture-negative homosexual men from 
California (12). Lymphocytes and sera from 
persons in these two groups were collected 
between April 1984 and July 1985. Persons 
in group C (n = 13) were randomly selected 
negative controls who were seronegative 
blood donors from the Atlanta area, and 
their lymphocytes and sera were collected 
between January 1985 and July 1985. 

H N - 1  proviral sequences present in the 
PBMCs of the persons in groups A through 
C were amplified by means of primer pairs 

I]), the chain reaction ( P C ~ ) ,  C.-Y. OU, S. W. Mitchell, J. W. Krebs, P. Feorino, D. 
Warfield, G. Schochetman, AIDS Program, Center for 

to amplify specific regions of HIV- 1 provi- Infectious Diseases, Centers for Disease Control, Public 
ruses present either as the free episomal Health Service, U.S. Dep-ent of Health and Human 

Services, Atlanta, GA 30333. 
form or as the integrated form in patients' S. Kwok, D. H. Mack, J. J. Sninskv, Dep-ent of 
chromosomal DNA. The amplified viral Diagnostics Research, Cetus Corporation, Emewille, 

DNA could be detected by hybridization of CA 94608. 

a 32~-labeled DNA probe to a portion of the *To whom correspondence should be addressed. 




