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CHAPTER I
INIRODUCTION

It has been known for some bime that hydroxyproline,

a structural analogue of proline, has the ability to inhibit
growth of plant tissues. Sbteward gt al. discoversd that
hydroxyproline reduced griwth of carrot tissue explants and
that proline reversed its effect > ¢leland found that proline
effectively reduced the hydroxyprolinme-~induced inhibition ef
Avens coleoptile @iﬁﬁg&ti@ﬂdg

- Although the exact mechanise of hydroxyproline action
is not clearly understood at the present time, therve have
been mumerous reporis of the role of proline and hydroxyproline
in various plant tissues., Steward gt al. have reported that
protein in carrot tissue has a high hydroxyproline aamt%ntes
Sinee Pollard and Bteward have found that exogenous hydroxys
proline iz not incorporated o any appreciable extent into

ip, o, Steward, et gl., "The Effects of Selected
mitragem ammpgnnds an . the Gr@wth of Plant Tlgsue Qultures,®
Biochimics et Biophysic ta, XLVIII (1958), 308~317.

2R, Cleland, Wﬁydr@xypr@lina as an Inhibitor of Auxine
Induced Cell Elaﬁgati@m; Hature, CC (1963}, 908«909.

Bﬁtewardg et al., 0D« £ito
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carrol protein, the presenes of hydroxyproline in carrot
protein must resullt from the conversion of some éubstame@
already incorporated into the protein. Stewar& gt al.
discovered that soms proline is converted to hyﬁraxyprmlﬁn@
aft@r proline is inc@rpwﬁ&t@@ xnta carrot tissue prateiﬁ¢5
The regults of Steward gl @Wqé are substantiated by
workers using plant tissues other than ecarrot explants.
Lamport reporied ihat hydf@xypf@line was found in thefpr@téin
of gye&mara7 and bean @&llﬁ.g Lyndon and Steward reported
that some proline was converted to hydroxyproline after
proline had been iﬂ@@ép@f&t@d into potato~cell FPG@@iﬂ%gr
flsen found that the hydroxylation occurred after proline

%7. K. Pollard and F. C. Steward, “The Use of ﬁ; =Proline
by Growing Gellsj Its Conversion to Pretein and to Hydroxy-
proline,d gournal. of Experimental Bobeny, X (1959), 17-32.

§? G. Steward, et al., “Nitrogen Mebabelism, Respiration,
aﬁd trowth of Cultured 'd Plant Tissue,® Journel of Experimentel
s IX (1958), 1i-49.

7p Ti A, Lemport, “Primary Gell Wall Protsin Structure
and Mﬁﬁ&b@liﬁﬂg Elant Phvslology, XXXvVII supple. (1962), xvi.

3E, Ts. Ao, Lamport and B. H. ﬂerthaat@gQWEydraxypraline
in Primary Cell Walls of High@r Flants,” Nabure, CLLXAVIII
(1960}, 665666,

gﬁq P, Lyndon and F. C. ﬁtewafdg ¥The Incorporation of
1“&m?f@line into the Proteins of &rmwmng Cells," Journal of
ental Botany, XIV (1963), %2=55.
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was ina@rp@fat@ﬁ into pr@tmgl&&m;c protein @E tabmac@
explapts and bafore its Q@pQSA%i@ﬁ in the @@Ll wall.lg
Gleland discovered that the &ddlti@ﬂ 6f hyér@xypfalim@
to oat coleophile seétiémg caused a slight @aﬁr&asa in
znaarpafatien of pf@lim@ xnﬁa yratein and that some hydr&xym
proline could be ﬁiraesly inﬁarparataé into proteznell '
S8ince Pollard and Stewerd have r@nﬁwﬁéé.ﬁhat there is no
slgnifmeanﬁ ingorporation of exagaﬂauﬁ h?d?o&?pﬁ@llﬁ@ into

garvot ??ﬂt@lﬂglz it

wmmld geem that the mechanism of hydroxy-

pralin@ inhibition in cat and carrot tissues might be

diffevent. |
?illadrravimergg,g;. reporfed that'@thiomime, an

an%ageﬁiét of ﬁ@thi@ﬁiﬁ@g inhibited protein synthesis in

rat liver by trapping A%Pwlg‘ N@fﬁig/f@uﬂd that ATP reversed

ethionine=induced inhibition of Aveps coleoptile elongation

1¢A@ C. Olson, "Proteins and Plant Cell Walls, Proline
to ﬁydraxypralim& in Tobacco Suspension Cultures," Plant
Physioloey, XXXIX (1964}, 5%3-550.

Rt Sl

Iig, Cleland, ¥Pogsible Mechanisms of Inhibltion by
Hydroxyproline of Auxin-Induced Growth,” Plant Physiology,
XLI suppl. (1966}, xlvi.

12?all¢ré‘an@ Gteward, QB. gmw

133, Villa~Trevine, 2t al.; "The Role of Adenosine
Triphosphate Deficiency in Ethionwnemznﬁuﬁ@d Inhibition of
Protein ﬁyn@hﬁsls " Journal of g&@i&g&&@& Chemistey
COXXXVIII (1963), L757=1763




and suggested that @*’Gﬁiﬁﬁim‘é‘ inhibits protein synthesis of
cal segaments ay intsrf@;iﬂg uﬁth ATP m@tab@li%m‘lg‘ éima@
gthionine and hydraxgﬁwol&n@ are both structural am&i@guew
of amino a&idag it was thought that the meehanism of hydroxy-
proline. inhihaﬁ;@n of oat a@l@eptila elongation might lavolive
ATP meaahslismg , ‘

This paper presents the results of an investigétion of

the effects of hyﬁrquﬁraline on th@ elangatxoﬁ QF Avens

@@leaptil& gections. Data are ggesemt&é whm@h suggest that
hydr@xypraiina imhibihiaﬂ’af growth may invelve ATP
metabolism, | |

~1§w@ E. Horris, Jr., YReversal of Ethionine-Induced.
Inhibition of Elengation af Avena G@l@@yﬁi&@& hy &dﬁn@$iﬂﬁ
" Triphosphates” Archives glochemistry Biophysics

R+ 2 9 §l9643a 3 2o 355,




GHAPTER IT
| MATERIALS AND m@s |

The experimental pre@e@mrea wWare iéenﬁieal to th@ae
deearihaﬁ by ﬁmrriasl ;!mag ﬁgwgg@‘&* $@aﬂs, Vietory s%rain
£U.8+ Department of Agriculture, C.I. 262@}9 wore used in

thesa @xparimﬁntsg The ﬁeaﬁlimga wgra gr@wn on filter paper
gbrips. that were iwm@rsed'iﬂ &istilled water which previously
had been acrated, Addifional details of the growing method

are described by Wisgahd and &@hraﬁk.a"ﬁnly seedlings that
were 72 hours ml@ and tha% had 30 § 2 mm. egléwytilas were
used. , o

Growth measurements were made on coleoptiles which were

igolated from the seeds and primsry leaves, The segond 5 mm.
gections at thef&@i@él end were used. These sectlions were
floated in Petri dishes containing the nmedia {20 sections/
.20 ml. solution). During cutting and transferring, the
seetions were exposed to ved light of wavelengths langer
than 607% ﬁw‘ Wiegand and Schrank obssrved that wavelengths

: lﬂg En Norriss Jres "Reversal of Ethianiammzndmﬂed
Innibiti@n«af‘ﬁlnngatian of‘gvagi Gel&aptilss by &ﬂanaﬁine

. Triphesphate,® Archives of Biochemisbry Biophysice, CVII

(196%) 4 352»351~

g@@ P. Wiegend and A. Re senvankg “ngim&a far Growing
-?géfﬁig -Avens Colsoptiles,™ Botanical @gﬁtﬁga CXXI (1999),

]



in this pertion of the speetrum had no effect on the elongation

3 The sections were allowed to elongats

-pf floating zections.
in the dark for 2% hours. A%t the end of this period, their
lengths were measured with a micrometer in the ocular of a

shereoscopic microscope. All procedures were carried out at

& temperature of 22 £ 1%9c,

- T :u.},_ ¥ P 197*



CHAPTER 11X ~
RESULTS

The inhibitory effect of varicus concentrations of
hydroxyproline wes first détermined. Figure 1 shows tha
hydroxyproline in water inhibited slongatlion éf Avens
coleeptile se¢bions. The elongation of sections ineubated
in &y&raﬁyﬁr@liﬁﬁ was compared to The amount of slongation
which eceurred in water. The average length of an Avenma -
¢oleopbile seetion in water after 2% hours was 6.7 mms The
initial length of a segment was 5.0 mm¢j thus, an elongation
of la? ﬁmﬁmas shown by the centrol sections 4 hydroxys
M caused 50% inhibition of
: algﬁgati@m and was used as theAsﬁaméa?g econcentration of

proline concentration of 1 x 10~

inhibitor in subsegquent experiments. Various concentrations
of proline in water caused 10% to 20% more elongation than
" did water alenes Proline in concentrations ranging from
1 % 16731 to 1 x 1072, when mixed with 1 x 1024 hydroxy-
pf@liﬁ@g completely reversed its inhibitory influence. The
amount of elongation cecurring in the mixtures was 10% to
20% greater than in the water contrel.

The results shown in Figure 2 differ from Figure 1 only
in that 1% 1077M IAA vas used as the control solution. The

elongation of oat coleoptile sections was greabtly increased

7
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in the presence of exogenous IAA. ‘Hydroxyproline, at a cone
centration of 1 x 10™2M, caused about 60% inhibition of
auxin-induced elongation. Proline had less stimulating effect
on growth in Ié&vtham‘it did in wabter solubticns.,  Elongation
in proline solutions ranging from 5 X 1@”3H o L x 1@“2M‘wa$
10% greater than in the IAA control. Proline concerntrations
ranging from 1 x l@”gﬁ to 1l x 1024 in the pressnce of Lydroxyw
proline and IAA completely reversed the inhilblition and stimue
lated growsh more than did the same proline concentratioms in
the gbsence of the inhibitor. | ,

Cleland found that % x 10°°M nydroxyproline inhibited.
vat coleoptile elongation 50% in the presence of IiA
{5 ug./mi,), suerose (2% wt./vol:), and potassium maleate
2.5 mmﬁsl Amin-induced growbth was inhibited almost 100% by
1 % 1073M hydroxyproline. Proline completely reversed the
hydroxyproline effect and had no influenece on growth in the
absence of hydroxyproline. The difference in the effective
coneentrations of hydroxyproline in this study and in
Cleland's aﬁuﬁyg may be due te the presence of sucrose and
potassiun maleate in the culture media,

Pigure 3 shows the influence of various concentrations

of ATP on elongatlion in the presence or absence of 1 x l@“am

. g, Cleland, "Hydroxyproline as an Inhibltor of Auxin-
Induced Cell Elongation," Nature, GC (1963), 908«509,

3; b& .
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hydrexyproline with water as the control solution. GCurve I
indicates that the greatest stimulation of elengation of the
coleoptile segments was obtained with 2.5 x 104y ATP, At
tﬁms,ﬁﬁ?»ﬁ@mﬁantfaﬁiamg growth was increased 0% more than
the water control value. Higher concentrations of ATP caused
a marked reduction in elongation. GCurve II shows the ability
of ATP to reverse the ﬁy&gaxyproliﬂe inhibition. B8eolutions
of § x 1@”@ﬁ and 7.5 % l@”%ﬁ‘fo in the presence of 1 x 10@3M
hydroxyproline affaatxvaly reversed the inhi ibition and caused
ab@ut 15% more growbh than the water control,

%ig@r@ b shows that hydroxyproline inhibition of auzine
indueed growth af golsoptile @@gm@nts waé decreassd by abdut
15% upon the aééiﬁi@n of 5 x 10 0" M ATP {Qurva IT)s It is ap-
parent u@@n‘a@mparisah of Figures 3 and 4 thet solutions of
ATP in water @xhibit a greafer ability ta'rav@yS@ hydrozypro-
line inhibition than de smlutmons of ATP in IAA. The data |
pregented in cm?ve z show that in the absena@ of hydroxyprmline
1l x 1@“%H.&?P ineﬁeas@s elongation approximately 10% more than
the TAA @th?@lu Higher concentrations of ATP had an inhibi-
tory effe@t. Tha rasﬁlhs presented in Figuras 3 and % resemble
data whlch shew that ATP is affaativa in éecf@aslﬂg ethionine
inhibition ef,égggg @mle@ptila glongation in water and in I%A@3

3, E» Norris, Jr., "Reversal of Ethionine~Induced
Inhibition of Elmagat;en of gg;gg C@le@phileg by Adenosine
Trighosphaw “ Archives of Biochemistry and Blophysies, CVII
(1964), 352+355,
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A time course study was conducted to debermine the.
initiation of inhibitionh of oat coleophile elongation by
deleeted concenbrations of hydvoxyproline inm waber and in Ik
These daba are presented in Figure 5. The awount of elongation
produced by-l‘x iﬁ“ﬁﬁ IAA was N2 mme after 2% hours. A
hydroxyproiline concenbration of 1 x l@”gﬁ nad 1ittle inhibie
tory effect in IAk. The inhibition of 1 x 107N and 1 x 1072
hdérﬁxyyrmlime appesred during the first 3 hours, Hydroxys
px01in@ produced the greabest reduction of suxin-induced
growth at & concentration of 1 x 10 aﬁg although 1 x 10 3M
hydr@xyyvalime showed some inhibition. A concentration of
1x lﬁ”QM'ﬁyﬁraxvproliﬁe had no sffect on elongation ih waters
however, L X 10 3M hydroxyproline reduced growbh slightly.

The graat&sa‘amﬁunt of inhibition was noted in a cohcentration
@1 1 m 10 22, ?ﬁa lag in appearance of hydrexvprolina
,imhihx%iaﬁ Qaeurs only after a certain amount of auxine
in@ﬁa@gvelamgati@ﬁ has taken placaQ&

| Another time course experiment whigh indicatss the
influence of 1 x l@“gﬁ hydr@xyproliﬁﬁ in wabtery in EA&} and
in I8A.plus sucrose is shown in Figure 6+ 'The amount of

ighibition was increased in the ﬁfes@nc@ of sucroses These

%ﬁw tleland, “ﬂydr@xyprmline as an Inhibitnr af Auxine
Eﬁ@m@ed Gell El@ngataong gghgggg ce (19 3); 908~909.
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data aﬁﬁ‘iﬁ égreamemt‘with the regults reported previously
by Clelands’ | |

| The influence of AFP on hydroxyproline iﬂhibiﬁien‘inlaﬁ
gsucrege and in 2% sucrose plus IAA is shovn in Figures YA and
78, Flgure 74 shows that the extent of ATP reversal of hydroxys
proline inhibition with 2% sucrose es the control is similsr
to the ATP effect on inmhibition in water, as shown in Figure 3.
In both cases the hydreoxyproline inhibition wes é@mpletely
reverseds An ATP concentration of 2.5 x lﬂ“gﬁ shbimilated
@@l@éytila elongation move in a control solution of 24 sucrose
than 1t Jdid in water alcones The grsw%h‘in&ucag_by 2.5 x\la“%ﬁ
ATP in 2% sucrose was 80% greater than the sucrose eontrols
The results of various concentrabions of ATP on elongation in
2% sucrase plus I&A in the presenge and the absence of hydroxys
proline aﬂ@_&h@%ﬁ»iﬂ Pigure 7B» These data are vepy similar
to the effaéﬁg digplayed by/M?P in Figure 3. JIn both cases
ATP decreased ivhibition by 15% to 20%, In both Figures 3
and 78 the ATP influenes on elongation in the absenge of
hydroxyproline reveals ichibition at higher sconcentrations.

The ability of glutamic acld to reverse hydrvoxyproline

inhibition of coleoptile elongation ir water and in JAA is
ghown im.?igéyes 84 and 8B. Glutamic acid concentrations in

" %m, Gleland ‘ﬂinhihiti@ﬁ of Gell Elongation in Ave
@gﬁggﬁi&é by Hydroxyproline, Plant Physialogys XLIT (1867)s
2 g :] i . . o
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water ranging from 2.5 x l@ﬁ%ﬁ to 1 x l@”EM completely vee
verged the hydroxyproline effect. The same concentrations of
glutamic acid in IALA decrsased inhibition by 15% to 20%. A
2.5 % 1@*%M glutamic acid gelution in the absende of hydroxys=
proline caused 50% more growth bhan the water contrel. Ne
gignificant enhancement of coleeoptile slongation was notad in
IAA solutions of glubamis acid. These curves showing the

effects of glutami¢ asid on Avens coleoptile slongation are

similar Ho those resulting from ATP.

Plgures 94 and 9B indicate that ernithine monohydre-
ehloride slightly decreased hydroxyproline inhibition of
elongation of oat sections. Figure 98B shows that a 204 reduge
tion of hydroxyproline ivhibitien was obtained in 7.9 x 1@“%M
eraithine in IAd. Meximum reversal of inhibition in waber was
obtained by 1 x 103K ornithine, as shown in Figure 94.
Ornithine stimulated growth 20% to 30% in water and abouf
15% in IAL. These data support results of an varlier investi-
gation by Cleland in which he noted that ornithine and
glutamic seid in IAA possessed the ability to dscrease
hydroxyproline inhibitianoé

The influence of guanine hydreochloride upon hydroxypreline
inhibition is showm in Figures 10A and 10B. Figure 104 shows

) ég b;&igg
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that a 2.5 % 1074y guanine sclution in the absence of
hydeoxyproline inereased elongation nearly 100% above the
control value. Complete reversal of hydroxyproline inhibition
was obtained with 5 x lﬁ“%ﬁ guanine. Guanine had little effect
on Avena coleoptile growth in IAk, as shown in Figure 10B.
Various concentrations of guanine decreass hydroxyproline
inkibition by only 10%. OGuanine at a concentration of

1= 10" caused 10% more growth than ald IAA. Higher Q@ﬁm)
centrations of guanine had an inhibitory effect.

Table I shows the influence of other compounds on Avena
coleoptile elongation in the presence of 1 x 10™2y
hydroxyproline in water or in IaA. HNone of the substances
tested displayed any substantiazl reversal effect on the
inhibiticn of slongatien in IAA. Seme reversal was noted
in water golutions. The greatest reversal of the hydroxty=
proline inhibition was produced by 2.5 x 107y adenine,
sulfate which reduced the hydroxyproline-induced inhibition

of elongation by more than 55% in water.
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TABLE I
ABILITY OF VARIOUS COMPOUNDS TO REVERSE

HYDROXYPROLINE-INDUCED INHIBITION OF
0AT COLEOPTILE ELONGATION IN WATER

AND 1IN IAA
Maximum Reversal [ Reversal

{Concentration) * e
Substance Tested  In Water In I44 In Water In IAA
Adenine 5z 10" - 144 bee
Adenine sulfats 2.5 x 10°M 1.25 x 10"™"M 558 144
Adenosine 1 x 103y are 9% “aww
Arginine 75 % 10"y | ese 15% »re
Gytosine 8 x 107 cas 1% ees

Guanosine Y oee P aeg




GHAPTER IV
DISCUSSION

The results of this study indicate that 1 x 10™2
hydroxyproline is an effective Inhibitor of Avena coleoptile
elongation and that proline completely reverses this hydroxye
proline inhibition. These data are in agreement with the
reports of cleland* and St@ward,gg,gigg The exacet mechanism
by which hydreoxyproline inhibits elongation is not clearly
understood at the pregsent tine. ‘

A possible mode of hydroxyproline action may involve the
i@e@ﬁp@f&ﬁi@ﬂféf hydroxyproline into protein in place of
. pﬁ&iim@; Cleland reported thét free hydroxyproline could be
incorporated directly inte protein and suggested that the
resulting abnormal protein might pe functional in growih
inhibition.” Perusal of the literature reveals evidence in
support of g mechanism of this type. Munier and Cohen have

shown that sbtructuval analogues can be incorporabed into

‘ ig, Gleland, ®Hydroxyproline as an Inhibiter of Auxine
Induced Cell Elongation" Hature, CC (1963}, 908=909,

2Fy . S8teward, gt al., "The Effects of Selectsd
Nitrogen Compounds on the Growth of Plant Tissue Cultures,
Biochimlca et Biophvsics Acka, XAVIII (1958), 308-317.

et R N ko A

.

3Rs Cleland, "Possible Mechanisms of Inhibitien by
Hydroxyproline of Auxin-Induced Growth,”™ Plant Physiology,
XLI supple. (1966), xlvi. ‘

25



26

protein in place of suine aﬁiﬁs@% Gross and Tarver found
that ethionine was incorporated inbto protein in place eof
méthiﬂﬁiﬁ%gg Munier and Cohen also reported that the amino
acld anaglogues, norleucine and {luorophsnylalanine, bring
apott synbhesis of abnormal provein.

3ﬁet%$ﬁ? and Pollard and Stewardg have reported that no
exogenous hydroxyproline is incorporated inte protein. -
These daba differ from the results reported by S&elaﬂdgg :
The explenation might possibly be in the concentrations of =
hydroxyproline useds Low concentrations of exogenous

hydroxyproline might not be sufficlent Lo compete with the

Y2, Manier and G. M. Cohen, “Incorporation of Structural
Analoguss of Anino Acids into the Baaﬁ@rxal Proteins dm?lﬂg
Thelr Synthesis in vive," Blochimics Biophysica Acta
XXXT (i?§§§§ 379390,

5ﬂg Gross and He Tarver, Wstmdies on Ethionine IV. The
Iﬁﬁerpmratiam of Ethienine inta the Proteins of Letranymens
Jovuroal of Biological Chemistry, CCXVII (1955), 169-

6Mﬁnier and Coheny op. git,
4. R, Stetten, "Some Aspects of the Metabolism of

Hyﬁr@ﬁypr&lin@ &tudieﬁ with the Aid of Isolopic Nitrogen,*
G g mﬁ plogical Chemistry, G&XXKI §19%93a 31=37.

87, K. Pollard and Fu Ce Steward, "The Use of sl@ Proline
. by Grmwi@g Q$¢£sg I%s Q@mv@rﬁiﬁm t@ Pr@%@im amﬁ
17=32e
9ﬁa Cleland, “?st&hla Nﬁchaniﬁms af Inhibition by

Hydrexyproline of Auxin-Induced CGrowth," ?A@&_@ Physiolozy .
£LI supple (1966}, xLvi. : x
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callular concentration of yza&inétfaf.a,plagﬁ in protein,
whereas higher concentrations of hydrexypraii@a might result
in its incorperation into protein to form abnormal protein.
Arpther possible explanation of these data might be that
hydroxyproling inhibits growkh of different plant tissues by
different mechanisms. The results presented in this study
show that glubanic acid and orndthine partially reversed
hydroxyproline inhibition of auxin~induced growth. These
data are in agreement wiith the findings of G;elandw;ﬁ ‘The
metabollie relationship bebuween glutamic acid, ornithiney

and proline has been reported by ﬁﬁetﬁenll and Stetten and
.ﬁﬁhaenhe;$@r¢lg They found that exogenous glutamic acid or
ornithine ¢ould be aoavawﬁa@ to. pr@lxna. Thuaﬁ the incressed
eaneenﬁratian.@f p@@line could reverse the iﬁhlbitaﬂm induced

by hyﬁraxypralina¢

Ql@lan& also @@pgrta& that arginine p@rﬁlally'v$éu¢@d

‘hydroxyproiine lﬁhiblti&n ‘of auxin-lnduced gre@th.lﬁ

iﬁﬂ Gleland, “Inhibition of Ga&l Flongation in A
gg%eﬁgtlla by hyﬁrﬁxy?@cliaﬁg ;w;Qw Physiology, XLXI 19 7};

Ay, R, Btetten, ﬁﬁa&hanisms of Conversion of Crnithine
into Proline and &lu%@miﬁ A@iégﬂ Jagrga; gg Biglogical
Chemigtry, CLEXXIX (1951} 499+

12y, m, gvetten and R. Schoenheimer, "The Metabolism of
I~Proling’ wtu@i@& with tha &iﬁ of Eeutaxium and XSthg
Nitrogen," Jouznal of Biological Chemishry, CLIII (19 k)y 113

13y, gleland, "Inhibition of Gell Elongation in  Arens
ﬁg%emgﬁile by Hydroxyproline,® Plant Physiolozy, XLIX 74
2‘“2 -
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Bvidence of an arginine reverssl influence in IAA was not
observed in this study, but 15% reversal was obtained in
water.

It was noted in this study that ATP reversed
hydroxyproline inhibition and stimulated growth in the
absenece of hydroxyproline. Complete reversal wag obtained
 in water, and partial reversal was noted in IAA. Norris
obtained similar results with ﬁthi@ﬂiﬁ@vl% Cantoni's
studies have shown that methionine can bé activated by
ATP bo form S-adenosylmethionine and that ethionine, an
analogue of methionine, can combine with ATP to form
&w&d&ﬁmsylatﬂismineil5 Unlike Seadenosylmethionine,
g-adenosylethioning exerts an AlP-trapping effect since
the adenosine molety iz not readily releaged from this
emmpaundaié Since ATP exhibits the ability tafreveﬁae

athionine inhibition, Norris has sugegested that ethionine

1“@ B. Horris, Jr.; "Reversal of Ethionine-Induced
Iﬁhibitl@ﬁ of Elongation af Avena Gale@ptml@s hy Adenosine
Triphosphate,” Archives of Bioghemistry and Biophysics, CVII
(196%), 352355

1%. L. camtani$ "potivation of Methionine for
Transmethylation,” Journal of Biological Chemistry
CLIXXTX (1951)y 745e,

lé&. Villa=Trevino, gt al., “The Role of Adenosine
Triphosphate Deficiency in EthianAmemlnduaad Inhibition of
Protein Synthesis,¥ Journal of Biological Chemistiy
CCXXXVILIT (1963)5 1?¢7~f7w3e
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inkibits protein synthesis of the Avens eolecptile by
interfering with ATP m@tabﬁliamgl? There might be a correla=
tion ‘between the mechanism of hydroxyproline action and that
of ethionine, Hydroxyproliney a structurzl analogue of
proline, could possibly interfere with ATP metabolism by a
mechanism similar to thst of ethionine, but the effect of
hydroxyproline on the cellular concentration of ATP must be
gtudied before a precise comparison of the two mechanisms
may be made.

The ATP may influence hydroxyproline inhibition
indirectly. Glutamic acid and ATP exhibit similar effects
on elongatlon in the presence or absence @f‘hyﬁroxypralin@
ih water and in fAA. These results indicabe a relationship
between the reversal effects of ATP and glubamic acid. The
conversion of glutamic acid imbo proline, which involves
several steps requiring ATP and enzymes., has been rep@rteﬂ
by &tettenala Addition of exogenous ATP might effectively
increase thé concentraticn of p?glina and reverse the
inhibition yrédgéed by hydroxyproling.

;é was noted in this study that ATP reducad hydroxy-

proline imhibi?i@ﬁ more in Watarvthaﬁ‘iﬁ did in IAA.

17¥orrisy op. ole

18y, gr. Stetten, "Mechanisms of Gonversion of Ornithine
inte Proline and Glutamic Agid," Journal of Biologigal
Chemistry, GLXXXIX (1951), %99.
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Marrd and Forti reported that suxin caused a definite increase
in the ATP level in pea interncds &egmemﬁs.lg Qrarod and
Williams observed that other grewith regulaters, gibberellic
aeid and 234~D; increased the level of acid soluble erganic
phosphorus and decreased the inorganiec phﬁ&?ﬁﬁ?ﬁﬁaga Thisz
inerease of the ATP concentration may be a cause of the
reduction of ATP reversal of hydroxyproline inhibition in
Ish. No precise conclusion concerning the role that ATP
plays in hydroxyproline inhibition can be drawn from this
preliminary work.

Cleland reported that sucrose increased auxin-induced
elongation and lncreaged the amount of hydroxyproline
inhibition in I&Aagl Behnelder noted that e sugar exbract of
the endosperm of Avena seedlings promoted growth in the
presence of awcin.®® Results from this study indfoate that

193. Harré and G. Forti, "Metabolie Responses to
Auxin IIX. The Effects of Auxln on ATP Level as Related to
tha Auxin-Induced Respiration Increase," Physiologia
Plantarmm, XTI (1958), 36-47,

20p, y& Ormrod and We A. Williems, wpnaspngrus Metabolism
Trifolium hirtum as Affected by 2ﬁkmﬁi@hl@rmpa@nﬁxyaeaﬁia
'g‘cigim{i @i@b@ﬁ? &3,3, LG Aﬁ?i@ﬁw m oy :‘;...A»,,,wla,ﬂ;(; & XY (3@:9 0); [
107 o )

glﬁ Cleland, "Inhibitlen of Cell Elongation in 4veng
Seiﬂagiil@ by Hydroxyproline,® Plant Physiolosy, XLIT (1967),
2? W‘g *

220, L. Schnelder, "Phe Interdspendenee of Auxin and
&ggar ggr Growbh," Americen Jourmal of Botany, XXV (1938),
2 “3‘?&
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sucrose ingreages the auxin-induced elonggtlon and the degree
of hydroxyproline inhibition, . Schneider found that the -~
effects of auxin and ﬁugar'@mlgrmwth a@%:iﬁtﬁfﬁﬁyﬁﬁd@ﬁﬁagzw
&g;iagre&sgxia,@ﬁnéamtraﬁianlwf either auxin or sugar yields
an increase in growth, This wight explain the inereased -
elongation when susrose is added to IAk. ' Sucrese did.pet
affeet hydroxyproline inhibition in water, bub a large
inerease was éﬁ&@@ﬁaé in the growth-stimvlating effect of

2:5 % 1@*%M»aﬁélﬁfx l§fhm &@?» - Buerose had no influence on
the ability of 4P to reduce inhibition in water or in IAA,
The mechaniem of Eu&m&ge>aﬁtﬁﬁmﬂﬁp@n(hyﬁr@xy§ra&iné.iﬁhiéiti@n
‘remading. unelears ‘

A surprising result of this study. was the observation
that gua,m;}.m@ (ﬁ@mplgm};:y reversed h;rémxyz:miim Mibi;%i@n
in water. Eﬁ,aiggifi@anﬁuéﬁaraaﬁé in the &ﬁh&hiti@ﬁ_wag'
ng%eﬁ in Eg@a Elongation in 2«5 x\iﬁ*§M‘guanimﬁ W&s,ﬁwi@é
as mudh a5 in water« Only 10%-stimulation was. n&te&Qin
Iah¢ The fa&l@@img p@stulaﬁiom might explain the mode of
guanina setion., Eaﬁa gr@aanﬁad in this paper have shown
that gxatamie &@&@ ?avaraa hyﬁrmxypralana iﬁhﬁhx%z@& of ,
éﬁmmﬁgaaxagptila @lﬁﬂﬁ&ﬁiﬁﬁn ﬁinc@ Abrams and Baﬁtley have
reported that glutamic aeid is invblved in the conversion
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of inosini¢ ascld inte guanylic a@idf"” the addition of
exogenous gnanine might increase the glubamic acid concane

tration by a feedback mechanism and reduce hydroxyproline

inhibition.

‘%ﬁa Abrams and M, Bentley, "Iransformation of

énosinigy ag:;.é *ﬁ%aﬂ_mﬁnﬁiefaﬁd Guanylie Acids én ? %@luble
nzyme System.¥ Journal ngrican Ghemical Society,
CLXAVII (1955); 4179




CHAFIER V
SUMMARY

The effect of hydroxyproline on Avens coleoptile
glongation in water and in 3-indoleacetic acid (IAA) has
been measured, Hydroxyproline at a concentration of
1x lﬁ’gm is an effective inhibitor of Avens coleoptile

glongations Sucrose increases the degree of inhibition in
IAA. Proline eompletely reverses the hydroxyproline
inhibition of elongation in water and in I8A., Adenosine
triphosphate (ATP), glutamic acid, and guaﬁin@ completely
reverse the hyﬂr@xyp?QLime iohibitory effect in water and
@arti&ily:ravars@ the inhibition in I4A. Ornithine partially
reverses the hydroxyproline imhibition in water and in IAA.
The ability of ATP %o reverse hydroxyproline inhibition is

not altersd markedly by the presence of sucroseg.
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