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CHAPTER I

2K103UCTI01

It has been known for sou© time that hydroxyproiine *
a structural analogue ©f proline s has the ability to inhibit
growth of plant tissues* Steward al* discovered that
hydroxyproliae reduced growth of carrot tissue explants and
that proline reversed its effect J* Cleland found that proline
affectively reduced the hydro^prolina-induced inhibition ©f •
Arena ooleoptile elongation«““

Although the exact mechanism of hydroxyproltne action
is not clearly understood at the present time 5 there have
been numerous reports of the role of proline and hydroxyprollne
in various plant tissues« Steward et-al* have reported that

3protein in carrot tissue has a high hydroxyprollne content« 
Since Pollard and Steward have found that exogenous hydroxy- 
pr&line is not incorporated to mi  appreciable extent into

C* Steward* skaX*$ «The Effects of Selected
litrogen Compounds on the Crowth of Plant Tissue Cultures 
Biochiffllea ©t BioArMoii m & %  XXmi  (1958) s 308-317*

%U Cleland? «Hydroxyprollne as an Inhibitor of Auxin- 
Induced Cell Elongation*« Mature« CC (1963)* 908-909*

Steward* £2«

1
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bcarrot protein? the presence of hydroxyprollne in carrot 
protein au$t result from the conversion of some substance 
already incorporated into the protein* Steward ©jb al» 
discovered that some proline is concerted to hydroxyprolin©

' fa 'after pmllm is incorporated into earrot tissue protein.
6 .Tim results of steward ;§£ £&« are substantiated, by

workers using plant tissues other than earrot expiants*
Lamport reported that hydyoxyproline was found in the.protein

7 8of sycamore and bean cells* Lyndon and Steward reported 
that some prolla© was converted, to hydroxyproltn© after 
proline had teen incorporated into potato-cell protein-*̂
01son found that the hydroxylation occurred after proliae

tU Pollard and F. 0» Steward? «The Usa of CT^-Preline 
by Growing Cells\ Its Conversion to Protein and to Hydroxy- 
proliae?« SÈmËL 2Ê SSfiêSAfigllJâi £g£âfig> 2 (1959)? 17*32*

%« 0* Steward? et al».. «Mtrosen Metabolism? Respiration? 
and Growth of Cultured .Plant tissue?1* Journal of Experimental 
Botany* XX (1958) f H-^9•

6ibid*
?D. T* A* Lamport5 fi Primary Cell Wall Proteins Structure 

and Metabolisms« Plant Physiology* XXXVII suppl. (1962)5 xvi.
%«  To A» Lamport and 8« H* Morthcote? «Hydroxyprolin© 

in Primary Cell Walls of Higher Plants,5{ SaMnr.Q* CLXXXVIII 
(I960)f 66$*466f '

, % *  F. Lyndon and IV 0* Steward? "The Incorporation of
^O^Proline into the Proteins of Growing Cells?« Journal of 
Experimental .Botany? XXf (1963)$ **2-55.
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wa# incorporated into protoplasmic protein of tobacco ‘ -
10explants and before its deposition in the ©ell wall*

Glel&nd discovered that the addition of hydroxyproline
to oat ooleeptil® sections Caused a slight decrease in
incorporation of proline into protein and that some hydroxy»

11 1 ;proline could be directly incorporated into protein®
Since Pollard and Steward hare reported that there is no 
significant incorporation of exogenous hydroxyproline into 
carrot protein^ it would seem that the mechanism of hydroxy- 
proline inhibition in oat and carrot tissues might bo 
different *

Tilla-Trevise ̂  reported that ethioninej an
antagonist of methioninej inhibited protein synthesis in 
rat liver by trapping ATP.^- Morris found that MSP reversed 
ethionine-induced inhibition of Avena coleoptile elongation

*^A* C® Olson9 «Proteins and Plant Sell Walls* Proline 
to Hydroxyproline in Tobacco Suspension Culturesf* Plant 
Phvsioleev®, XSIX U9&*)* 5̂ 3«55©*

1%, Clelandj «Possible Mechanisms of Inhibition by 
Hydroxyproline of Auxln-lhdueed Growth *»iJ .Plant 
thl supply (1966)* xlvi*

'^Pollard and Steward» £g® Pit*
fiiia-TrevihOf g£j&«t aIh© Bole of Adenosine

Triphosphate Deficiency in Ethionine-Induced inhibition of 
Protein Synthesis*« JojmA S£ SMml£$i£X>
e c r a r a i  Ci963) f i?!?v-iW 3* ;



and suggested that ethionino inhibits protein synthesis of 
segments by interfering with ATP metabolism.^ Since 

ethioníne and hydroxyproline are both structural analogues 
of amino acids 5 it m s  thought that the mechanism of hydroxy« 
proline inhibition of oat ooleoptile elongation might involve 

iaötabeliÄ#
This paper presents the results of an investigation of 

the effects of hydroxyproline on the elongation of Avena 
ooleoptile sections• Data are presented which suggest that • 
ftydroayproline inhibition of growth may involve M f  
«$t9&&L3a*

,1* ferries #p»# -̂ Reversal of Iihio»in@~JndWd, Inhibition of Elongation of Áfona Ctoleoptiìeè by Adenosine, 
TrijftifsphafV*’À£gàtet Si 'SââtlÉSlJte, M à  
c m  W t  a ^ M T



CHAPTER I t

■ lmwitits A m  ifpiop

The experimental procedures were identical to those
'% 1 ■ ' ‘ • ■described by Morris«“ Arena. s.atim seeds? Victory strain 

,(|U8* Department of Agriculture , 0*1# 3030)* were used in 
tfasm GatpetiMumtat the seedlings were grown on filter paper 
strips that were lomersed in distilled water which previously
had been aerated* Additional details of the growing method

2'are described by Wiegand and Schr&nk. Only seedlings that 
were 72 hours ©14 and that had 30 k 2 mm* coleoptiles were 
used* ■ • - ,

Growth measurements were made on coleoptiles which were 
isolated from the seeds and, primary leaves* The second 
sections at the apical end were used* these sections were 
floated in Petri dishes containing the media (20 sections/
20 ml* solution). During cutting and transferring? the 
sections were exposed to red light of wavelengths longer

Q ■
than 60?k- A* Wiegand and Schrank observed that wavelengths

% f, BU- lorrisi ^Reversal of ■ Bthionlno^lnduced
Inhibition of Elongation of Arena Coleoptiles by Adenosine

M  M8&. * -CVXI
( 1 9 W  v |52-3f

%« P* Wiegand and A* R* Schrank? «Regimen for Growing 
Uniform A vena eolecfetiles *n - Botanical • '(forart&ft« GUI (19$9)$ 106*110*“



in this portion ©£ the spectrum had no effect ©a the elongation
of floating sections*“̂ The sections wer1'© allowed to elongate 
ia the dark for 2b hoars* At th© end of this perled* their 
lengths were measured with a aicroffi@t©r la the ©malar of a 
stereoscopic microscope* All procedures were carried oat at 
a temperature of 22' I 1°C«>



m m t m  in

besotes

The inhibitory effect of various concent rat ions of 
hyda&xypmllm was first determined« Figure 1, shows that
hydroxyproline in water inhibited elongation of .¿yens. 
coleoptile sections» She elongation of sections incubated 
in hydroxy proline was compared to the amount of elongation 
which occurred in water# The average length of an Avena - 
coleoptile section in water after 2k- hours was 6#7 mm# The 
initial length of a segment was 5*© sa»#| thus$ an elongation
of 1.7 mm* was shown by the control section# A hydroxy-
proline concentration of 1 x 10 M caused 50$ inhibition ofv*elongation and was used as the standard concentration of 
inhibitor' in subsequent experiments# Various eoneentrations 
of proline in water caused 10$ to 33$ more elongation than 
did water alone» Proline in concentrations ranging fro®
X x 10**% to 1 x when mixed with 1 x 10"*% hydroxy*
proline* completely reversed its inhibitory influence* The 
amount of elongation occurring in the mixtures was 10$ to 
20$ greater than in the water control.

The results shorn in Figure 2 differ from Figure 1 only 
in that 1 -x X0~% IAA was used as the control solution. The 
elongation of oat coleoptile sections was greatly increased

f
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in the presence of exogenous IAA. Hydroxyproline? at a eon-
centration of 1 x K T % ? caused about 60$ inhibition of 
auxin-induced elongation* Proline had less stimulating effect 
on growth in ÏÂA- than it did in water solutions* ■ Elongation 
in proline solutions ranging from 5 x XQ*% to %■ x 10* %  was 
10$ greater than in the 2&A control* Proline concentrations 
ranging from 1 x 10* %  to 1 i 10“%  in the presence of hydroxy» 
prolino and XAk completely reversed the inhibition and stimu
lated growth more than'did the sam® prollne concentrations in 
the absence of the inhibitor«

Oleland found that h x 10“%  hydroxyprollne inhibited - 
oat coleoptlle elongation 50% in■the presence of 144
(5 Ug»/ml.)j  sucrose (2$ vt^/vol*)» and potassium raaleat®

12*5 aM)* Auxin-induced growth was inhibited almost 100$ by
1 x XQr%  hydroxyproliae* Prolino completely reversed the
hydroxyprolln© effect and had no influence on growth in the
absence of hydroxy proline * fhe difference in the effective
concentrations of hydroxy proline in this study and in'

2Cleland* s study may be due to the presence of sucrose and 
potassium maleate in the cultive media*

Figure 3 shows the influence of various concentrations 
of Æ P  on elongation in the presence or absence of 1 x 10* %

%« Cleland, ttHydroxyprolins as an Inhibitor- of Auxin- Induced Soli Elongation^ fatur©* CG (1963)» 90B«*9©9*
2Ibid.
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hydrosyproline with water as the control solution® Ourv© I 
indicates that the greatest stimulation of elongation of the 
coleoptile segments was obtained with 2*5 x XO*^M ATP. At 
this ATP concentrations growth was increased 3G$ more than 
the water control Tain©® Higher concentrations of MSP caused 
a marked reduction in elongation* G m m  II shows the ability 
of MSP to reverse the hydroxyprolin© inhibition* Solutions 
of 5 x IG*^ and 7*5 x lOT^H ASP In the presence of 1 at 1CT2M 
hydroxyprolino effectively reversed the inhibition and caused 
about 15% more growth than the water control#

Figure *f shows that hy&rosyproline inhibition of auxin- 
induced growth of coleoptile segments was decreased by about 
15% upon the addition of 5 x lCfSi AEF CGurve II)» Jt is ap
parent upon comparison of Figures 3 and h that solutions of 
MSP in water exhibit a greater ability to- revere® hydroxy-pro** 
line inhibition than do solutions of Alp in IM» Th© data 
presented in Curve 1 show that in the absence of hydroxyproline 
1 x 10**̂ i ATP increases elongation approximately 10% more than 
the XM. control# Higher concentrations of ATP had aa inhibi
tory effect* The results presented in Figures 3 and ** resemble
data which show that MSP Is effective in decreasing ethionine

' 3inhibition of Avena coleoptll© elongation in water and in XAA*

%», B* Morris| Jr*, «Reversal ©f Ethionine-Indueed 
Inhibition of Elongation of Arena Coleoptiles by Adenosine 
Triphosphate,« ArgMgM si JHaSfaSiiiSlI. M M  Jtotalg&i CVII
a m ) ,  3^2*355.
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A ti« aerarse study vas conducted to determine the • 
initiation of inhibition of oat coleoptils elongation by ■ 
selected concentrations of hydroxyproline in water and in X&A» 
These dala are presented in Figure 5* The amount of elongation 
produced by 1 x 10“*% 244 vas b*& mam áftór Éx hours* A 
hydroicyproline eoneontration oí 1 x 10"“%  had .little inhibi
tory effect in XAA« the inhibition of 1 x 10“%  and 1 x 10" %  
hydroxyprolino appeared during the first 3 hours* Hydroxy
proline produced the greatest reduction of auxin-induced 
growth at a concentration of 1 x 10*%, although 1 x 1.0" %  
hydroxypralin© showed some inhibition. 4 concentration of 
1 x 10* %  hydroxyproline had no effect on elongation in water ¡ 
however ? l x hydrcgcyprollne reduced growth slightly*
The greatest amount of inhibition was noted in a concentration

M,Pof 1 x 10 M. The lag in appearance of hydroxyproline 
inhibition occurs only after a certain amount of auxin- '

kinduced elongation has taken place.
Another'timé course experiment which indicates the 

inflaeno# of 1. x 10*% faydro^prolin© in waters. in MÁ? and 
in 244-, plus ‘ sucrose is . shown in Figure 6« ' the amount of 
inhibition was increased in the presence of sucrose* These

. . %* delandf ,5Hydroxyproline m  m  Inhibitor ©f Auxin* 
Induced 8e21 ElongationsM Satugó» 00 Cl#3|f 908-909.
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tota aré-itì agreement ■With thè rag-alt 5 reporter prevlonely 
by Cl&Xmd$ • _ - .

Ino infi«enee of. IIP on hytìroxyprcline inhibition in 2$ 
$ucro$e and in 2$ suqrpse'pla# I M  fs sho%ra-is Figure^ and 
7B.* Figure fi» shows 'that thè gxtent p£ àf'P reversal of hydyeicy-* 
proline inhibition with 2$ sucrosa as thè conferei is sibilar 
to thè £&p effeet on inhibition in water, as showi in pigiare 3* 
in teoth eases thè hydrozypraline inhibition m s  eoapletely 
reveraed* In ITP eencentmtìon pf 2*5 x lO^M stiimlated 
coleoptile elongation more in a control solution o£ 2% sacrosp 
than it did in water alonef fh© growth■ Induced by 2»5 x X(f 
ISf,P in 3£. sucrese m s  80$ greator than thè sierose control»
The results e?f vareìoiis concentratìons of IIP on olongation in 
2$ sacro se plus IM in thè -presene© and. thè absenc© of hydroxy** 
proline are show« ■ in Figure 7B* The se data are very similar 
to thè offsets displayed by ATP in Figure 3 * In botti cases 
M‘P deoreasect inhìbition by 15$ to 20$ * In both Fignres 3 
and f S  tho 4Tf Influente on elongation in thè afesenee of 
hydroxyproline revOals inhibition at higher concentraiioas*
■ , The ability of glutamie acid to reverse hydroxyproline 
inhibition of coleoptìle elongation in water and in IM ìs 
shown in Figures 84 and 8b * Glntamic acid concentratìons in

Ir# Oleland, »inhìbition of Celi Hongation in Agaaa k Goleoptile fcgr HyarèJÉyproIlJBe *• Flmasfe. -JEferaft&lflgg» XLXlTX967)f27«5%. ' '
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water ranging from 2.5 x to- X x IQ^M completely pe*
vsi-sed tl|© hydrosyproXln© effect * The same concentrations of 
glutamic acid in 1AA decreased inhibition by 1%  to 20̂ * 4 
2*1 x lÔ Si glutamic acid solution in the absent© of hydroxy* 
proli»© caused *>($ more growth than the water control. 1© 
significant enhancement of ooleoptlle elongation was noted la 
IMA solutions of glutamic acid« These curves showing the 
effects ©f glutamic acid on Arena eoleoplil© elongation mm 
similar to those resulting from 4TP*

Figures 94 and $B indicate that ornithine ra©x©Jaydr©«* 
chloride slightly decreased hydroxyproline inhibition of 
elongation of oat sections* Figure 9B shows that a 2©̂  reduce 
tlois of hydroxyproline inhibition was ©Maimi in x 
ornithine in JM* Maximmm reversal of inhibition in water was 
obtained by 1 x ICT^h ornithine t as shown in  Figure 94* 
Ornithine stimulated growth 2©̂  to 30$ in water and about 
X% in 144* These data support results of an earlier investi
gation by ©island in which he noted that ornithine and 
glutami® acid in 114 possessed the ability to decrease 
hydroxyproline inhibition.̂

The influence of guanine hydrochloride upon hydroxy prolin®
inhibition is shown in figure# 10A and 1QB* Figure 104 show#
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that x IG^M guanine solution in the absence of
hydroxypraline Increased elongation nearly 100$ above the 
control value* Complete reversal of hydroxyprolin© inhibition 
was obtained with 5 ac 10"*% guanina* guanine ted little effect 
on Atena eoleoptiX© growth in 1M ? as shown in figure 10B# 
Various .concentrations of guanine decrease hydroxy proline 
inhibition by only 10$* ' .Smanine ut a concentration of 
1 x 10"*% caused 10$ nor® growth than did 1M ®  Higher con
centrations of guanine had as inhibitory effect*

fable Z shows the influence of other compounds on Avana 
« I l e  elongation in the p^enco *  1 , 
hydroxy proli«© in water or in XA4® lone of the substances 
tested displayed any substantial reversal effect on the 
inhibition of elongation in ZAA* fesae reversal was noted 
in water solutions * fhe greatest reversal of the hydroxy- 
praline Inhibition was produced by 2»*? x 10**% adenine, 
sulfate xihich reduced the hydroxyprolin©*induced inhibition 
of elongation by more than 55% in water»



i

m u ®  i

AID II J M

Substance la Water la I M la Water la 1

Aá&nim 5 X 10“% è •* ̂
Aâmtm sulfate 2*5 X 1Ô"% 1*25 X XCf^M m 1*$
A&enosiaê X X 10 ' %  * * « 9$ - ' « 0 :'©
Argini»©' 7»5 » XCT^M 15$ # t %
Çjrtesln© 5 X 10“%  **, HJÉ •' $ ♦
Guanosine ■é .• e # • f #- è * « «f
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DISCUSSION

The results of this study indicate that 1 x 10*% 
hydroxyprolin© is ah effectlye inhibitor of Awena eoleoptile 
elongation and that proline completely reverses this hydroxy- 
proline inhibition* These data are in agreement with the 
reports of Gleland^ and Steward jt The exact mechanism
by which bydyasypafoline Inhibits elongation is not clearly 
understood at the present time»

A, possible mode of hydroxyproline action may involve the
incorporation of hydroxyproline into protein in place of
praline* Cleland reported that free hydroxypreltne could be
,incorporated directly into protein and suggested that the
resulting abnormal protein might be functional in growth

3 ■inhibition* perusal of the literature reveals evidence in 
support of a mechanism Of this type« Winter and Cohen have 
shown that structural analogues can be incorporated into

Cleland, «Hydroxyproline as an Inhibitor of Auxin- 
Induced Cell Elongation»» Mature* CC (1963), 908-909. '

G* Steward* jit »The Effects of Selected.
Nitrogen Compounds on the Growth of Plant Tissue Cultures 
Bioohimloa e t Blonhysloa A c ta , M t m i  (1 9 5 8 )> 308-31?*

3ju Clelandj «Possible Mechanisms of Inhibition by 
Hydroxyprolifie of Auxin-Induced Growth«,» Plant Physiology*
XL1 suppl * (1966) j. xlvl*

25
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•protein in plam  o£ m im  acids» Gross and Tarv-er found
that ©thionihe was incorporated into protein is place of 

ßmethionine*^ Minier and Gotea also reported that the amine
acid analogues* aei’leueln© and fluoropter^Xalanine* bring

úabout synthesis of abnormal protein« • •sj 8Sfcetfcsir and Pollard and Steward have reported that no 
oncogenous hy&c^s&oline is incorporated into protein« " 
These data differ 'from the resulte reported by Cleland*^ ‘ 
The explanation might possibly be is the concentrations of 
hydroxy proline used'« low concentrations of exogenous 
hydroxyprolin© might not be sufficient to compete with Ute

l|B. Mnnier and S* 1« Cohen» ^Incorporation of Structural Analogues of Amino Acids into 'the Bacterial Proteins during 
Their Synthesis in vivo»** J& Mla2
rax (1959) I 379*390.»

% a Cross and H* Tarver, «Studies on Etfaieniia© If«, The 
Incorporation o f  Sthionine into the Proteins o f Tstrahymena.«”
m i  o f iSM U d xe* ccx?ix a w > »

^mmlm and Cohen* .an* cit»
7m* E* S ts tte n , ®Soaie Aspects of the Metabolism of 

Hydroxyprolin© Studied with the Aid of Iso top ic  Nitrogen*« 
SsmmX of M M o ^ s A  &S20&3X» SEXTO <1$ W ,  31*37«

%* E# Pollard and?. C-* Steward, «The Use of G^-Proline
by Growing C e l l s ? 'I t s  Conversion to Protein and to 
Hydroxyproline*« ¿BUBal ©£ £&£&&» x C19595-#
17^32» ' ’

% *  dleland* mPossible Mechanisms of Inhibition by Hydroxy proline of Auxin*lnduo®d Growth*« Plant iM iM M S i .9 
T O  suppi» (1966)» xlvi. ■ ' ■•



cellula? concentration of pmiine for a .pl&oe in ,>prota&& j
whereas higher concentratìons of hydroxyproline might resoli 
SA ita ineorporation lato protein to fora .abnorroal protein, 
Anoiher po sellale explanation of thèse data might he that 
hydroxyproline lahibits growth of differenfc pl&nt tissues by 
different -aechanisas. ‘ The resulta presented in  this stucfcr 
show that glataaic acid m 4 ornlthine -partially revèrsed 
hydroxyproliae XahiMtion of ahxin^lMhotd growth. These 
data are i» agreement wlth thè ffadings of Cleland. ’ The 
metabolici relabionship between gIntasilo acids ornithine ? 
and proline has bea» reporte! by SiettenXX and Stette» and 
Schoenheimer ,x2 Ilxey tonni that exogeaons glutamie aeid or 
ornithine conici be coiwsrted to proline, Tam $ thè increased 
concentration of proline eould reverse thè inhìbitioa ìndneed 
by hydroxy pròline.

* f f C „ 'Cleland also reported that arginine'partially redueed i
........ . , , : . , , , 33,hydroay proli»© iahiMtiem of aiiKin-induced growth, -

. &lela»df «fnhibiti©« ©f Celi SXengation in AvenaColéoftilé W Hydr©2cyproline?» gteBÌL I M k t e i  mx<lf67) *
271~'2fH‘ ■ ■ .........' ' '

R* Stette»* «Meeltanisms of Conversion of Ornithine 
iato Proline ahi OCMÊ unto Acid** £gg£fi& g£ MtJLfiggati

vmxsx- ii9$ih' • ■■■■’•
i2Me E* Stette» and E. Schoenheimer. «The Metabolismi of L-Prolln© Studied with thè Aid of Dentarium and Isotopi©

N itro g e n i f&W ùsl: ot mòMéXrnX. C l.n l (1 9 ^ ) f  113«

x%. Cleland* «Inhibition of Celi llongation in Avelia Coleoptile by Hydrosy prolina * s* flanfe XLIÌ(X9©7 ) *
271-274,
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Evidence of a« arginine reversal influence in JAA m s  not 
observed in this study9 but Vj$ reversal was obtained in 
water®

It was noted in this study that 43?P reversed 
hydroxyprollne inhibition and stimulated growth in the 
absence of hydroxyprolineComplete reversal was obtained 
in water! and partial reversal was noted in IAA® Sorris

lkobtained similar results with ethionine. Gantoni's 
studies have shown that methionine can be activated by
A$P to fora S-adenosylmethionlne and that ethionine-$ an 
analogue of methionine ® can combine with ASP to form 
S-adenosylethionin© Unlike S-adeno sylmethionine $
g**adeimsylethionine exerts an ¿¡CP*trapping effect since
the adenosine moiety is not readily released from this

iHcompound* Since MSP exhibits the ability to reverse 
©thionine inhibitions Morris has suggested that ethionine

B* Morrisj, Jr*8 ‘Reversal of sthlonine~Induced
Inhibition of Elongation of Avena Coleoptiles by Adenosine

a,% *  ? i l l a - f r e v in o  , "fh e  Bole o f Adenosine
trip h o sp h ate  D eficiency  in  Ethionine-Induced In h ib it io n  o f  
P ro te in  Sy n th esis  *55 Jo u rn a l o f  M & lQ gl££l Chem istry5 
CGXXXrai (1963) ? X?W5f^3*
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in h ib it s  p ro te in  sy n th e sis  o f  the Aireña c o le o p t i le  by 

in te r fe r in g  with MSP m etabolism * f Shore 'might be a, có rre la * 

t io n  'between the mechanism o f  hydroxy p ro lin e  a c t io n  and th a t  

o f  eth ion in e * Hydroxyproline § a s t r u c tu r a l  analogue o f  

p r o l ia e f cou ld  p o ss ib ly  in te r fe r e  with ATP M etabolism by a  

mechanism s im ila r  to  th a t o f  © thionine* but the e f f e c t  o f  

hydroxyproline oh the c e l lu la r  con cen tration  o f ’ATP must be 

stu d ie d  before  a p re c ise  comparison o f  the two mechanisms 

may be mad©-»

Th© MËT may In fluen ce hydrcxyprolin© in h ib it io n

in d ir e c t ly »  Glutamic a c id  and ATP e x h ib it  s im ila r  e f f e c t s

oh e lo n gatio n  i s  the presence o r absence o f  hydroxyprolin®

ih  w ater and in  ÏM » These r e s u l t s  in d ic a te  a  r e la t io n sh ip

between 'the r e v e r sa l  e f f e c t ?  o f  MS? and glutam ic a c id «  The

conversion o f  g lu tam ic a c id  in to  p ro lin e  % which in v o lv es

se v e ra l s te p s  req u ir in g  ATP and ezusymes» has been rep o rted  
18by S te t te n *  ' A ddition  o f  exogenous ATP might e f f e c t iv e ly  

in c r e a s e 'th é  con cen tration  o f  p ro lin e  and re v e rse  the 

in h ib it io n  produced by hydroxyprolin©*

I t  was noted in  t h i s  study th a t  ATP reduced hydroxy** 

p ro lin e  in h ib it io n  more in  w ater than  ' i t  d id  in

, ^Morrisi m * MÂ* '

B* S te t t e n 5 »«Mechanisms o f  Conversion o f  Ornithine 
in to  P ro lin e  and Glutamic A cid /* 

aU0DttX.(l951 )* ^9 9 *
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Marrl and Fort! «ported that auxin caused a definite increase
in the M f  level in pea interned© segments ©rarod and
Williams' observed that other growth regulators r gibberellic
acid ’and 2Ŝ -DS increased the level of acid soluble organic'

20phosphoriis and decreased the inorganic phosphorus. This 
increase' of the JiP oonoejatration a&y b© a cause of the 
reduction of M f  reversal of hydroxy-praline inhibition in 
114#' So precis© conclusion concerning' the role that ¿if? ' 
plays in hydroxyproline inhibition can be drawn from this ' 
preliminary work.

Cleland reported that sucross increased auxin-induced 
elongation and increased the '«oust of hydroxyproline
inhibit ion in XM. Schneider noted that a sugar extract of
the endosperm of ivena seedlings promoted growth in the

pmpros©»®© of auxin. Results from this study indicate that

*̂9e # M&rrl and G* Forfcij »Metabolic Be spouses to ,Auxin 111. fh© Effects &£ Auxin on M P  tevel as Related to the Auxin-XrKtucod Respiration Increase,*5 Ftesiologia
Plantar«. XI <1958)* 36-H?, ' ‘ ‘ '

P. Ortarod and If# 1# Williams, 5tPhosphorus Metabolism of frifolium hirtim as Affected by 2*^Dlehlorophen0xyaceticAcid and GIbharellic Acid,« giant Physiology, XXX? (i960),
81*87* ' • '

^R,r Cleland, «Inhibition of Cell Elongation in Arena 
Coleoptile by Hydroxyproline, Plant Physiology > XIII (19o7)> 
27t*27*H

^%. L. Schneider *, rlfhe Interdependent of Amin and 
Sugar for Growth *st Asmrlmm Journal of M i a i s XXff (1938)* 
258-270.
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gtaojrose, ^ap*a**g th* öloilgÄtion and tfee degree

of hy drox/proline inbdbitioiit' • #Än©id#r, fpmd timt th* • ■ ■

ei £ ßüts Pt amim and sagar m  gw«th ar* interdependent «23. ̂

4«' im tm sp ' ,ia #or©6«trati©n * f  either atocin er jagat yi©M® 

an lto****** in grovth* , f  fei9 'H&gfet oarpiain ttie ■ increased  ̂

&*n$rtl:Qn -Mhm ämmmm is &4#d to 5Ä#u  ̂Sucres© did not 

a lff ft  _ hydro^prulixi® infciiMtieö in m te f  $ bat jst iaafg© 

in6r**$* ms ctetocted in the . growfch»3tl&ulatlng effeot .of 

2 ^  x 3j0*I%  > and ¡T* iC^ii J3?P* ■ $10*09* ba&-ne inline»©© ©n 
th* afeility of ÄfP t© vedog* inhlbitlon in water ©2* in IM ,

Uffee »Ä an S ia  * f  .$asr®#@ a@tl©ii apon hydro^fproline Inhibition. 

-r«aiÄ3:'wi®iear+ ‘ ■ ■ , , , - .

A surprising ̂ result of • tfeis .study was the Observation . 

tfeat gu*zii&e ©d&pl©tely **v****<l hyttttxyferd$ine Inhibition 

in water* I©, jig^ifioant-dedl’̂ asf in tfe* iafatfeiti©»,*ui . 

noted in IAA* Elongation in 2» 5 x ICT̂ M guanine m$ twice 

&s mmh $* in water» Only XQ^ä&UnnXatlan ms, noted -in 

IM* fhe. loilewini postulatlon migfet ©siplain tfe*'.no<$i of
i  ̂ ' <

gtanlia© äotle&« Ifeta presenteä ln  tfeis puper feave sfeöwn
i *  4 V !> *

tfe&t 'glataaiö, &©M raverses feydtt^peoliise inhibitiori of 

ffigoft *e©l©optil® elongation«. ■ sitae* 'Ahv&m and Bentley hat© 

reportsd timt glnfe«J© *e£d t$ lä m lm ü  Xu th* m m m sinn

'ffilhid» ■ ' - • ■ ' ■



Zhö£ in osin ie  ac id  ia to  gnanylic a e id ÿ the addition  ©f 

exogenous guanine might increase the glutamic acid  concen

tra tio n  by a -feedback mechanism and reduce hydroxyp?©lim©' 

in h ib itio n »

B* ábrame asá- M* Bentleyg tran sform ation  o f 
Inosin ic Acid to  ¿idenylic and C-maylic Acids in a Soluble 
Enorme System/ 4 Journal o f America 
IOTÎÏ ,(1955) ÿ 4179*
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S W O T

She effect of hydro^prolin© or Arena eoleoptil© 
elongation is water and In 3»*tndpXQacett© aeid (1M) has 
been measured. Hydroxyprelia© at a concentration of 
1 x 10 M ii an effective inhibitor of Avena, coleoptile 
elongation. Sucrose increases the degree of inhibition in 
J4à. Proline completely reverses the hydroxyproline 
Inhibition of elongation in water and in j&k* Adenosine 
triphosphate (ATP)9 glutamic aoid? and guanine completely 
reverse the hydroxy proline inhibitory effect in water and 
partially. reverse the inhibition in 1AA» Ornithine partially 
reverses the hydroxyprollne inhibition in water and in X&A. 
the ability of AEP to reverse hydroxyprolin© inhibition is 
not altered markedly by the presence of sucrose.
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