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0 erv iew:
Collections of hwntni DNA fiagmenB are maintairwdfor research purposes as clones in bacterial
host celk However for wknown reasons, some regions of the human gerwme appear lobe
U.nclonableor unstable habacteria Our team hASdeveloped a symem using episomes
(extrachromosoma~ auttmomou.dy replication DNA) that maintains large DNA fragments in human
cells. This human artiicitd episonud chromosomal (E4..EC) system may prove use$d for coverage
of these especially difiult regions. In the broader biomedical community, the M.EC system also
shows promise for use injltnctional genomics and gene zherapy. Recent improvements to the
HA.EC system and its application to mapping, sequencing, andfh.nationally studying human and
mouse DNA are summarized below.

Mapping and sequencing the human genorne and rnodel organisms are only the first steps in
determining the fimction of various genetic units critical for gene regulation, DNA replication,
ehrornatin packaging, chromosorrd stability, and chromatid segregation. Such studies will require
the abiIity to transfer and manipulate entire functional units into mammalian cells.

1. Human Art iflcid EDiSOrnaI Chr~oso mm (HAECk~ #
The development of extrachmmosomal large-capacity cloning veetors for marntmdian cells
represems a powerful tool for funcrionzd genomic study. Our laboratory has developed the HAEC
system to establish large I)NA fragments as episomes in human cells, using the Iatent replication
elemt?nrsfrom the human herpes EpsMn-Barr virus (EBV). A llrst-generaticm episomal vector
based on the latent origin of replication oriP and its transactivator EBNA-1 from E13Vwas used to
establish and maintain Upto 350 kb of circular DNA in human cells. Such a system allowed the
generation of a random clone library covering 10% to 20% of the human geriome as
extrachromosomal self-replication episomes in human ceils.

2. Infectious ~E~4-6
Cument methods of transferring DNA into mammalian cells are particularly laborious and
ineffective. To improve delivery of large genomic inserrs into human cells, our team developed a
second-generation HAEC system based on engineering EBV. Such a mini-EBV vector carries the
minimal cis elements for replication and packaging rhe cloned DNA into infectious virus particles,
In combkation with a helper cell line, it was shown that up to 180 kb of non-EBV DNA can be
packaged and delivered into target human cells as self-replicating HAECS. Functional gene delivery
by this rnirii-EBV HAEC system was demonstrated by introducing speeific human genes coding for
the hypoxanthine guanine phosphorybosl cransfwase andRmconi’s anemia (FA) group C in
lymphobktstoid cells from people suffering from Leash-Nyhan and FA, respectively, In vitro
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hourestir infiltration-300 mM H202, the levels d 6A and $A In haves inor-=d
five-foldover the levels detected In oontrolleaves. The aoounwlathn of W and SA was
preoaded by the rapid 8ctivatlon ~f baozok ?acid2-hydroxylasa (Wi-i) in the i@2-

Miltrated tiewes. This enzyme oataiyzesthe formationof SA from BA, We observed
that the enzyme imtivationwaa not a resultof changes in W amount of 8A21-iprotein
and could be reproduod h vifh by uddition of H202 or curnene hydroperoxide to the
away mixlwa H202 UUaamoat effective in Wn3when aw~~ ~ ~ ~M ~n~n~ti~n” In
w-h 8oth/ation of BA2H by peroxideswas inhibitedby the oatalase inhibitor3-amino-
1,2,4-triazole. We suggested that H202 wMvates W+ biosynthesisvia two mechanisms.
FkstiY,H202 stimulates 6A2Fi wMvttydkectiy or via the formationof it6 wbstrete,
mol~lar oxygen, in a oataiasa-madiated nwmtion-$econcily,H2Q releases BA fiom
the ?x@ugded pool. Higher 6A levels induoethe mcumulatlon of BA2H proteinin the
oells and provide more substratefor thisenzyme.

The resulb of this reeearohwera publishedin: Le&fi,J,, M. A. Lavhn, and L F&kin.
1905. hydrogen peroxide stimulatessalkylk acid bksyfithesis in tobcm Plant
Physio1. 108, 1$73-1678.

(M). During the last funding year we made substantial progress in
uncielwtandingthe role of oxidative8-s in the resistanceresponse of TMV-
imxulatad ~~~acooplants. The most important resuttswe mentioned below

We are dweloping a method for meaeurernentof hydroxylradicals in
tobacco leaves dufin~ pathogerwis. TMS method utilizes the ability of hydroxyl
radioedsto non+nzymatkaily hydroxylataaromaticcompounds,w@! as satkylic
acid (SA). The dlhydroxyla@dcompoundsforrn~ am 2,3 and 2,5
dihydroxybenzoicaoid (DIIBA), which oan be quantified by I+LC- EC. This
method has been suocessfutiy wed in studyingoxidative inJuryin mammalian
organs, We wanted to tad whether we could rnonltof the produotbn of “OHin
TMWnoouJated and heaithy tobmmoplants by usingendogsnous SA as a
hydroxylationsubstrate. We $ucceaded In adoptingthe ilPLC-EC systemto
measure DHE3AsIn extractsfrom healthy and TMWinocuiatecitobaooo ieavea.

Three different experirnenkltmtmen&t were used to determine the
kinetkm of WfBA prodwlion; TMV.inocuiati~n gftobacco, and two abiotic
treatments that are known to generate active oxygen species: paraquat (a
wmmoniy used herbicide) and UV-indiation of tobacoo. Both paraquat and UV
produoeda largehrease In DliBAs In tobacco leaves infiltratedwith SA. A
temperature shill system was also employaci, whereby tobacco plants inoculated
with W werw kept at 32*C for 4 daya and then shiftedto 24”C. The
ternpanyturashift allowa muoh strongermanifestationof hypersensitiveresponse
that foiiowsTM/ Inoqdation of Xqnt&n~ tobacoo.T’helevels of free ElHi3Asin
TMV-irlfectodtobaooo [eaves increased more than ten-kdci (21.4 ng&W) at 10
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hour$after W’npenatureshift, paralhdlngthe hwrease in free SA. No inGrease
was detected in mocMnoculated plants shifted# 24”C. Our data indicate that
SA funoticm$as a $wavengerof hydroxylradkal$ producedduringthe
hypersendtlve response. The formation of dihydroxybenzo!cacld~ In ~h8 -W
may be q re$ultof non+mzymatic hydroxylaticmof SA and can be wed to
quantifythe sevwity of the oxidativeatresa,

The resultswere published in: Le6n, J., M.A. Lawton, and L Raskin. 1995. Hydrogen
peroxide tiirnulates sallcyllcacid biosynthesisin tobaooo. Plant Physiol. 105, lE373-
~(378.
and in Wama,Y.K., J. Lw5n,L Raaichl,tLR. Davis. 1996. Ozone-induced responsesin
Arabidop81sthalianct:TM role of sa!ioyNcacid in the accumulationof defense-raluted
transcript and induced resiatanoa.Proc, Natj, Acad. Sci. U5AA3, 5099-5104.
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