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Project Summary

X itr_g,.'i_ Control of Chloroplast Developrrlent and Differentiation

G Nx, Schrnidt. Department of Botany, Lniversitv of Georoia. Athens. C A .',(g-_).:.

The ,_':owth and de',eloprnent of plants and photosynthetic microorganisms is commor_lv limited by
Lhc a', ailz_bilitv of nitrogen. When the synthesis of arr,ino acids, nucleic acids and pigments is restricted
by ni:rogen deprivation, these organisms appear respond by altering the activities of photosynthesis
,,nd o'her metabolic pathways. Hence. the classical symptom for nitrogen deficiency is chlorosis. Ou:
'aork concerns understanding the mechanisms by which plants and algae that are subjected to nitrogen
dcpri,,:_tion alter the composition of photosynthetic membranes and enzymes involved in
photosvnthetic carbon metabolism. To_,vard these ends. _,vestud)' biosynthetic and gene exprt.ssion
processes in the unicellular green alga Chlamydomonas reinhardtii :'.hich is grown in an ammonium-
limited _.ontinuous culture w,stem. We have found that the expression of nuclear genes, including
those encoding for light-harvesting proteins, are severely repressed in nitrogen-limited cells whereas.
in general, chloroplast protein synthesis is attenuated primarily at the level of mRNA translation.
('orl'. e:-_eh', nitrogen deprivation appears to lead to enhanced synthesis of enzymes that are involved
in st:_;_h and storage lipid deposition. In acldition, as a possible means bv which pb.otosynthetic
_:Icct;an transport activities and ATP svnthesis is sustained during chronic periods of nitrogen
dcpri',,ation, thylakoid membranes become enriched with components for chlororespiration.
Ch_._r:,,,:tcrizz_,tionof the chlororespirato O" electron transport constituents, including cwtochrome
comp:c:x,es and :<,_d'D(P)H dehydrogenase is a major current eft'orr. ,,Mso. we are striving to isolate the
,_,cno.,encoding chlororespiration proteins to,,vard determinin_ ho,.v they and others that are stron..].,,
:,.'_,p.."-sive to nutrient avaiJabilitv are regulated.

1990.1991 Progress Retx_rt and Continuation Request

During the past tv,o years we have strived to resolve three major aspects of the effects of
:: t:,..._'._.._',a\ailabilitv on chloroplast biogenesis and pi'u'siolog3': 1) Isolation and characterizatic)n of
,.,,_nc nuci_:ar genes that are differentially expressed as a function of nitrogen availability: _>
t3i,,c'-. '::aical and ph)siolo_zical_ characteriz,_tMn of the components of the chlort)r_.splrator__' electron
tr,_l>,:......t p._.th',_av that is prominent in nitrogen-limited chloroplasts 3) Resolution of the
c, ,p,s..'.: cnces of impaired synthesis of chlorophyll and or carotenoids, a classic.ai symptom ofnitrog_:n..
dcfic e::c\', on the expres.,;ion of nuclear and chloroplast genes encoding pigment-binding protein:,.
I",_,,, .... "'.licavi,>ns.one of v,hich is in revie',,,, have been generated and arc appended.

I-he . .:ratili,::xtian o: nuclear gene::, theft are differentially expressed as a function of nitrogen lt:',el:
;,r<,_ _.:d to c{)ntinuous cultures of C/z/,_rr:,do,m,,ras entails a rather novel protocol....x,s outlined in
.i_c , - .3:nal prc,pos::!, the small nuclear genome size of Ckhlmvdomomas enables direct screening ,,i
:_,cn,.,::. ' lambd:J ph,_ge libraries via plaque h\'bridization with radiolabeled eDNA> generated t.v
r_:_c:->.' transcripti,:._n of rnRNA preparations from contro! vise. N-limited c_._lturcs. .-\lthot_gh :_
muir.' .!c of p]:_ques that exhibit po._;iti\e or negative control b\' nitroger_ have been identified _nd
c,,_l:. .... cd to be ditterenti,ailv expressed. ,,vr disct)'Jt2rcd th,']t it was neccssam to na{_dif\ the pr()ccd.urc
f,>r t" .:q,Je-purific:ttion and subcloning _l _hc 1_.-,_"_kI)a .inserts. This was dictated by the finditag theft
m;,_,.. ,, the ph;:_,e..,harbor ..,,cnes that arc constitutively expressed ira addition to contit:u{_us loci th,_
._., " i-.,),,cn-reeul:_ted..._. Hence. ditfercnti._tl h\'bridizati,,n sie.nals._become diminished as pl_quc
l,t.lril .:tic)tj pzt)coeds duc to saturatit>n with radiolabc]cd, constitutive eDNA pr_,bcs. In thc:,c
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2n.,,t;_nccs, v,e haw:', resorted to amplification of phage from unpurified plaques and utilization of.
.c',;ciscd inserts for Southern biot anab,_e.s _,,ith the N'-limi.ted and control cDN/L_. Ufx)n identification
of the _£enc fragmenl.s that are differentiallv expressed, preparati;'e agarose gel electrophoreses is
crnpio>ed for isolation of the DNA of interest and it.*;subcloning into plasmids, lt'rose, together v,ith
larger clones that have been successfully obtained through plaque-purification, are then us.cd to
re;_!iirm gene cop,,' number in Souther blots, to characterize the transcription products detected in
n,_.rthern blots, and..finallv to assess the nature the gene product and its D-_ssible regulate o' features
bv scquenci.ng. The last aspect of this pro]ect has just been initiated and _,,il),_ a major effort during
the to_:thcoming funding peri(_.

A,s established in the accompanying reprint, a somewhat surprising characteristic of nitrogen-
liFnitcd cells is the high actixit'v of chlororespiration and the coincidental high abundance of
.",ADi P)H dehydrogenase and novel Wtochromes (hl and h2) associated with thylakoid membranes.
\\e h:_ve proposed that the development of this activity enables the maintenance of the
p_otc, svnthetic electron transport chain under conditions when CO-, reduction might be (or need to
bcl attenuated. 'Tl'aus. nitrogen-limited chMroplasLs become some_vhat distended with starch and
triglyceride dcposlLS _hen cell growth and division is restricted by limitations of amino acids and
nucleotide.. There are several outstanding problems about chlororespiration that include: 1) Is the
t;_thx_,_v requisite for prevention of sundD' photoinhibitory' reactions and. hence, cell su_ival2 21)
\\}a,_: :,,rc the biochemical features of" the chlororespirato_' electron transport chain with regard to
tl-_-,.'dct_v,.trogenase, putative cytochrome b c complex and cytochrome oxidase'? 3) \Vhere are the
s >units <.,fchlororespiratorv electron transport enc,:_ed?

For problem 1. it ,,,,ill be necessa_ to generate mutants with impaired chlororespirato U
,_,:Jxit,, and test for their ability tc, su_'ive nitrogen deticiencv. .,-Mternati_elv. specific inhibitors oi"
c}:]c>r,,Icspirati_n mi_,t_t be emplc,,,ed but the be,st of these, antimycin and mvvc_thiazol are also
:::}_ib:tors of mitochondrial respiration..'.loreover, since we control the extent of nitrogen deficiency
ti, r,_u::h the use of a continuou:, cuJture svs.tem, the inhib.itor approach xvould be quite costly. Hence.
t!.c _:_',:t_nt approach is more appropriate if useful strains can be selected. \Ve have obtained one
F:..,,,,::,_;tc,_ndid:_tc _ccidcntallv. Mutant 6.2f was isolated as a high fluorescence mutant but. unlike
,,.!'_cr str:.,ins of this phenc, type. no defects in photosynthetic electron trar_spc_rt could be discerned.
1-t,,_:, c:-. the lie.ht-t_,._p,c'sting :_pc,prc_te_n:._of this strain appeared lo mi.£:ra,e sli::htl\' differentlx than
t"-,>>cc,f ',,,ild-_.,,pccells. ,,_ this could b.e due to a p<',sttransl,_tional modificg,.,tion. ,ae studied in vivo
I":,,":'; L,._F,Ia,ti,.::r_<,°,thr LHC p_oteins. \\'hereas LHC proteins norrnallv arc phc, sphc, rvli_ted in _ light-
' . ....... his could be duedc.:,c:q,.icnt n_:_r_ncr thc,,_e _>f 6."f are phosphorylated also in darkness, \Ve reasoned, ' "

t.. ,_ i-.i..,ck,_t thr tc',c_a <}t"terminal chlorcrespiratc, rv electron tr_ns,por_. c_using' _ reduction of _.he
;'.i.:_,:.,,i,_inc,i.e p<.,_-,!to :_cti',,_,te:he LHC protein kinase. Henc.e. an assessmen_ c,f the chlororespiratorv
,",..: :: ill tt'.v :_"_Lat:_Ii__,:_,', made Io find that in fact it is diminished. C,,incidcntailv. there is a

" of >no ,_I :he nc,',ci cvtochrc_me, h2. but it is not comt",letelv i_bsent. 1-t;c Ic:_kJness of {_.2f
l,. ,:i,, ,:pp;_rvnt in nitr,>e.crl.lin.itine._r-ov, zh conditions: its _rov, th isdin_inish,c.d but the culturcscan

: . ,,...:.':: :,cd. T}-_., c\i,cricncc indicates ,,nat it ma,, be possible to isolate t_eht chl_rorespirator'v
, . _):-, ::, ::, <,n thr b:_s;,, ,,f clc,,a_cd chlorc,phvll.. tluc.rescence. Ho',_ever. th.crc ,s r_t_(,bxious rncans to

c".,;,...-_:], di.,,crin}inz_tc htlv, tori chl(',rorespirat<,r,, vs. ph_tos',nlhc, tic iT_t.;t:_l_ts except b\ brute.

t,:..,i,cr:,ac,_l m.c'h_d.',. (Tt_n.,cq_.:cr_t1,,,thr Inut.;_nt h_r_t is not <_ng,,,',_ing.Ira thr fu_urc it mi:v t',e p,_:ssible
t,: dc:-c' :_c chl,,_r(_r,.:_,F:,irat{',.,wFnutg_ntsdirc,ztlv via transformation v,ith in \itr<, mutated ecncs encoding
:,._."._:::> .,f thr ,._,,l__j_l.,_ics."|his _,,,._:it.sc}-_aracteriz;ii_i(_n_f the chl_:,r_rcsp_,_,,Fv pr(_tcins and their
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.-\ second year graduate, Jeff Blanchard. lh:ts embarked utx_n purification of .the
ci,.,,,_rcspiratorv NADH dehydrogenase and also has initiated characterization of the hl and h2
c', ,",c_r_,;:acs. \\lth non-ionic detergents, solubilized thvlakoids from N-limited cells yield membrane
c_,;,:plc-\cs _hat have been fractionated by sucrose gradient centrifugation. Cvtochr_mes hl and h2
,.,: :,c_;:_._cnt as hi_h-m lecular _ .- _.! o weight complexes that pellet with Photosvstern I particles. The
dc}_x,Jr,:,gcnasc is of smaller size and co-sediments v,ith the residual light-har,'esting complexes of N-
lir.:_:oJ th',iakoids. .adthough these complexes are present in Io,,,, vields from control cells grov,n
mi,,,,:rophicallv. ',,,e have decided that an expedient means to puri/\' the complexes a,,vav from
pt'_,.,:.',>>n_heticcontaminants is through the use of Chh_mvdomonas mutants that are missing LHC.
PSi ,,r both. Consequently, it should be possible tc)obtain intact complexes suitable for spectroscopic
:_n.:'_bcs and protein purification, e-Mnalternative method is to employ' aff'inirv chromatography, v,ith
imr>c,bilized cytochrome c to enrich for cytochrome oxidase. Finally, v,'e have obtained or requested
,_n_it-,..;dies_o subunits of cwtochrome oxidase, some ofv,'hich have been sho,an to cross-react with the

cc>r:cs;-,c,ndirl_z proteins of bacteria and c_'anobacteria. These can be used /i)r immunoaffinity
p_r{fic._tion as ,,,,ell as measurements of immunological relatedness via imrnunoblotting. We have
rcp,'.r_.'d _hat the major subunits of the dehydrogenase have molecular sizes that are close to that of
cx:::-_o._:_cteria (Peltier, G.. and G.W. Schmidt. 1.9'91.Proc. Natl..-._cad. Sci. USA. _.kg:4791-4795) and
her.ct. ,ae expect the chiororespirator?, components to be structurally related to the complex of the
t>r,';i..r',o!ic plasma membrane. Following purification of the major subunits, they, will be subjected
_,', ".-,.c_!, :lc fragmentation and microsequencing. Oligonucleotide probes to nondegenerate amino
:_ci,5:,c,!'_e:_ccs _ill be employed to screen the genomic ]ambda libran' and differentially regulated
,..'c......_.'.}q;._,tnave been described above.

l-Le final problem v,e have assessed, the roles of pigment synthesis in the expression of
t,ic:-:.cr.:-bnding proteins, has been completed and is described in the accompanying preprint. We
n,_',c .,,:,:,,,_- il"J_t N-limitation leads i.o cl'llorophyll deficiencv, loss of the major transcripts encodir, 2.
_iqc ," ,:)__'::--encc,ded LHC apopro.teins and an apparent attenuation of the translation of chloroplast
T:;F,X_.--_,_.,,r:..,,.encode lieht-ha_estin__. ,, and reaction ,:enter proteins ,'.Plumlev. F.G. and G.W. Schmidt.
z'._-', t-:',,, N_tl..-\c_d. bcl. US.-\. dq6:_6.b-__8_). I_ has no_ been clear,,_hether these effects arc duc

:,, ' ',i' {:x,of nitrooen-si_:nal.,,. _ systems, or v,hether it is mc)re closely related to impaired piement
,,', ' ::;_:,,,,. 5nee tD_isproblem is nearly intractable in studies v,ith N-limited cells, we recruited a series
,_: _.,' ,,:' .,e_,n,:., n lute.nts that are blocked in chloroph?ll or carotenoid synthesis, In addition, the

, . , _, these proteins was examined, lt is:rc...._:.:=7,c.-- ol light in ,he expression of the eenes encc_d_n..,
• . _ ._.>..-:, :_:.:: re_i:_tion of nuclear I.HC gene expression and chlor()paast mRNA translation are not

_l_,..,:c., t',>pigrne;_t synthesis in the alga since normal levels of the transcr;ots are present and norm.;_l
r._,_: .." c!. ,,rc, pl:-st protein synthesis are obtained. Ho,,vever. bo_.h chloroph.vll and carotenoid are
r_:,:.. :c.{ :,r ,.t.:_.i-iliz:_tionof the chloroplast-encoded pr_:,tcins. ',,.hich ,,,,hen synthesized in their

_, _, tt>,iakc, id insert],._n, lt als{, appears, c_eeradation is a n'tajor means of:_.t,.,,::. ,.. :.::_.'dc,,_::,.Jcd follov,in= . _
:c- ..... c !.e :_c,.cnqUiationin '/.._,,'lakoids,_,fthe LHC al.,,,F,r_,_cin.,;in the absence of the pigrnc_ts
: .::..c :-:.:.:: .:,nti:,:_.:s ,:'_n be detected. Hov. cvel-, thr nuclcar-cn,.'_,dcd I..HCs seem to he synthesized
:: :,.: ....._:.: r,_',_.-,.,rais,ng the p,__ssibilitv of transl_tic:,nal control., elicited by pigrnent-def]ciencv.
Ir .:: :. ::'.,,'-.:1 r_:_,:-!,_tic_p, i:i even more conspicuous ira dark-gro_n, chlorophyll-less ceils but. under
"._-'--.,:" :,,.i ',,n'._. ,};c ]evcl of LHC transcripts is alsc_ alter_.:d in a manner similar to, but less sc',crc
",,::. :.._ : .",.!it:; ted cells. Darkness a!.,;o affects the translati(_n of the chlorotrlast-encoded/zsi_A
: -_t<",..a,.t-i. acxcr. thi-, effect is likely due to differences in the rate of selective turnover qf this

•,;..:..:. ::J !-_c l:,:}_.tv,hich, in turn. somcho',v results in enhanced translation of the/)sg_ mRNA.
(.).c-•: ' l}, ".,,c ,,'udic:, sh<),,v that n).lrogen contr(_l of nucJcar ,.4cno cxprcs.,;ion and also tha_ tt_c
:_v: _ .... ,:I,_'ct.,,_,n chl_rc_plas_ protein svnthcsi.,, ._rc unrcl;_tcct t(; pigment synthesis. In the latter case,
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N-limitation, seems to affect chloroplast protein synthesis at the translational, as opposed to the post-
translational, level.
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