Learning of plant adaptations to environmental stresses: experiments with proline
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Abstract

Adverse environmental conditions induce the accumulation of ‘stress Mgy, words interactive learning, plant adaptation, environmental stress,
tabolites’ in plants. Of these metabolites proline is probably the most W'dﬁr‘oline.

spread. It has been shown that proline accumulates under conditions _of
water shortage, high salinity, chilling, heat, heavy metal exposure and ult Josumen - . . L
s condiciones ambientales adversas inducen a la acumulacion de los

violet stress. Some possible roles for proline in plants are reviewed. A bio!ig- . = . .
abolitos de la tensién en plantas. De estos metabolitos el proline, es

say using plants is suggested, as well as a range of possible ex erim@?ﬁ% . : .
sui%able ?orpbiology stu%gents 9 P P probablemente el mas conocido. Se ha demostrado que el proline se acumula
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bajo condiciones de escasez de agua, de la alta salinidad, de enfriarse,pfeline in a wide variety of both halophytes and non-halophytes when
calor, y de la exposicién del metal pesado y de rayos ultravioletas. Algurfaidjected to various stresses and the role of proline in adaptive responses
influencias posibles del proline en plantas se analizan. Se sugiere Uigs been reviewed (res 1991). Proline has been assigned the role of a

rueba biolégica con plantas, asi como varios posibles e erimentpgosolute, a storage compound or a protective agent for cytoplasmic en-
go%venier:tesg[;ara los gstudiantes Ide bioloéial posi xper! Zymes and cell structure gMap et al, 1982; Gamer et al, 1989), stabi-

lizing proteins (8HoserT and TscHescHg 1978). Hinson and Hrz (1982)
Palabras clave aprendizaje interactivo, adaptacion de plantas, tensiésuggested that proline accumulation is a consequence of stress-induced

ambiental, proline. damage to cells. In plants, the role of proline may not be restricted to that of
a compatible osmolyte. Proline accumulation may reduce stress-induced
INTRODUCTION cellular acidification and proline itself may act as a substrate for respira-

Plant physiology experiments have become less popular in many schdif}§, which might provide energy needed for recovery from stress. In
at university levelis, not only as a result of the misconception that sugBnsgenic tobacco plants the enhanced activity of proline biosynthesis
activities present a significant source of danger to the health and safetjngproves tolerance to hyperosmotic stressHz et al, 1995). Hwson et
pupils but also because of the cost in terms of time and consumablesalif1977) considered proline accumulation to be a symptom of damage.
fact, there are a wide range of physiolagperimentghat can be carried However, manyesearchershave ascribed a positive role to proline asso-
out with a minimum of effort and equipment. Organizations such as tetated with some sort of adaptive response. Other researchers have sug-
National Centre for Biotechnology Education (NCBE) and Science arggsted that proline is a source of energy, carbon and nitrogen for the
Plants for Schools (SAPS) have produced useful protocols, and a recé@govery of tissues (Bm and EBercon 1976). However, some research-
mended list of microbes suitable for schools is available. ers claim that proline accumulation is a coincidental result of metabolic

The overwhelming impression £Be, 1990), when we look at plants irregularities created by salt stress, and therefore it has no adaptive value
on a windowsill, or out in the countryside, is that plants face frequefftukutoku and Yawapa, 1984; Triroamaz and GirLAR, 1990).
periods of environmental stress that impairs their growth and rEprOdUCt?{;‘ETHODS
capacity. Environmental parameters with deleterious effects include unté-
vorable climates, water stress, and inappropriate soils (not suitable). Re
strictions of plant growth cannot be attributed to one single process,

cause plant growth is the result of many integrated and regulated ph . e ;

ological and biochemical processes. In order to survive and maintain migd 2 rgfl of 1g|ﬁ10|al acelzt(l)((:ygmd 'g ahtest tube eradc'jo.n Was_allot\)/veﬁ t'lo'h
mal growth potential, plants must conform to these extreme environmeRfgce€dfor 1 hour at , and then was terminated in an ice bath. The
1d-ninhydrinwas prepared by warming 1.25g ninhydrin in 30 ml glacial

by meanof adaptive changes in metabolism and cell composition. Amo . ) h . ) A i
the various mechanisms enabling plants to cope with water stress the ri5&t!C aC||d and 2do mi Athphosphorlc acid, with a%ltatlfcm, Z‘Ttﬂ d'SSOI_‘I_’ﬁd'
common is the accumulation of intracellular solutes such as sugars 4yigbt cool (stored at 4C) the reagent remains stable for ours. The

free amino acids, which are compatible solutes. The most frequent nitFSi"thion mixtgre was efxtricstezdowith ‘}rlflnl tollueaad mixed vigorr]ously h
gen-containing compounds that accumulate in plants subjected to envirdffn @ test tube stirrer for 15-20 sec. The toluene containing chromophore
aspirated from the aqueous phase, warmed to room temperature and

mental stresses are amides (glutamine and asparagines), amino acids ﬁ%@ébsorbance read at 520 nm using toluene for a blank. The proline

nine, proline, citrulline, and ornithine), and polyamines (putrescine). T rati determined f randard 4 calculated
accumulation of prolineipon dehydration due to water deficit or increas-cOncentration was determined from a standard curve anad calculated on a
fresh weight basis as follows:

ing osmotic pressure is the most recénding whichsuggests the osmo- ; _
regulatory role of proline in environmentally stressed plants. Generations[('lv'g pro:_lne//ml ffm'gf"uenﬁ) / 115:$=g/mmo|e%/ [l(g%amples)/S] =
of students have extracted and separated amino acids, using thin-ldJ8pIes proline/g of fresh weight material«f8s et al, )-

chromatograms sprayed with ninhydrin, but far fewer students have sty INE CONTENT OF GERMINATING WHEAT GENO-

ied the presence of thle amino acid proline. This paper suggests a rangg\wbes UNDER ULTRAVIOLET LIGHT

experimentsusing proline. The effects of ultraviolet light on the proline content of four (wheat
PROLINE cultivars) varieties of domesticated whegfiriticum aestivunL., cvs.

The pathways of proline biosynthesis are known in higher plants: thgzostoja-1, Dogu-88, Tgrke;(/)-13, Yayla-30@3re investigated. The seeds
glutamate pathway and the ornithine pathway. These pathways seem td/BEe Surface sterilized with 1% sodium hypochlorite. 25 seeds were placed
identical for all organisms. Most evidence about the roles of particuld 12 M petri dishes furnished with 2 sheets of Whatman n° 1 filter paper
enzymes in proline biosynthesis or catabolism has been obtained frgiistened with 10 mi of distilled water, and they were left to germinate in
micro organisms. The ability of plants to degrade proline through an ol incubator at 25C under continuous ultraviolet light for seven days.
dation process has been shown clearly hyw&r (1981). The catabolism EVETY day the proline content in the coleoptile and radieigdetermined
of proline involves the conversion to glutamic acid via pyrroline-5-caiSing the acid-ninhydrin method. Ultraviolet light increased the daily pro-
boxylate reductase and a subsequent metabolism of glutamate by the K[Bscontent of both the radicle and coleoptile (table Iw(@ 2000).
cycle reactions that release C& the end product. Oxidation of proline is Table 1
catalyzed by proline oxidase and requires oxygen as an oxidant. Prolin roline content (mMJg fresh weight) in the radicle and coleoptile in

shows a conspicuous ability to control its own biosynthesis. Exogenou di ; g h inated 4 under uliraviol
application to plant tissues of an amount of proline sufficient to increas@®€dlings from germinating wheat germinated seed under ultraviolet

Approximately 0.5g of plant material was homogenized in 10 ml of 3%
ueous sulphosalicylic acid and the homogenate filtered through Whatman
© filter paper. Two ml of filtrate wasombinedwith 2 ml acid-ninhydrin

the endogenous pools enhanced the rate of proline oxidation as a result of light. Radicle (R), Coleoptile (C)

the feedback inhibition processd&sesset al, 1976; Sewart, 1972). It is 5 " " N

known that proline oxidase, one of the enzymes involved in proline degraCultivars 5" day 6" day ™ day

dation, can be induced by high concentrations of prolineaga and Control | W __ | Control Uv__|Control | W

Frank, 1980; Boceesset al, 1976). Feedback inhibition of proline synthe- | RICIRICIR]C|R] C|]RIC| Rl C

sis does not occur under water-stress conditions. Bezostoja-1/ 12.4 5.7 15.4 9.4 17,9 92 24.0 18.2 21.6 14.3 26.3 17.7

Dogu-88 | 11.8| 5.2 17.2 16.1 108 4,7 25.4 23.0 10.3 [8.5 21.0 16.4

BIOLOGICAL ROLES OF PROLINE Turkey-13 |16.2| 8.7 14.8 9.0 22/4 10,8 24.3 18.6 14.0 (7.8 34.0 31.8

It has been shown that proline accumulates under conditions of watefayla-305 |17.211.8 15.6 17.1 273 13.6 30.0 3p.2 19.6 13.0 22.1 16.1

shortage, high salinity, chilling, heat, heavy metal exposure and uItravioLeéD (0.05): 2.4
stress (Aici, et al, 2003; Emir, 2000; xmir and KocagaLiskan, 2002). R

It plays a major role in osmoregulation and osmotolerancen{f¥Nes EFFECTS OF LOW TEMPERATURE ON PROLINE CON-

and Sorey, 1978). According to fwarT and Lee (1974), proline is a TENT IN WINTER WHEAT AND CABBAGE LEAVES

substance inducing osmotic adjustment. Moreover, it has been shown torhe content of proline in winter wheakriticum aestivuncvs. Dodu-
protect enzymes from inactivation by salinity, heat, chilling and dilition g8g) and cabbage leaveBréssica oleraceavs. Acephalpduring acclima-
vitro (Aziz et al., 1997). For example, proline activated catalase, peroxjon to low temperature was investigated. Winter wheetidum aestivum
dase and polyphenol oxidase enzyme activiiesthus protectedh spin-  cys. Dogu-88) and cabbagBréassica oleraceavs. Acephalpseeds were
ach (Qrurk and Demir, 2002). The ability of proline to activate the en-grown for 45 days as a control on vermiculite with Hoagland solution at
zymes may suggest a limited conformational change. The accumulation2gf18°C in a greenhouse with a photon flux density of 125 iméshand
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a light/dark period of 16/8 h. Cold treatments were performed by movil®lBLIOGRAPHY
the seedlings into a growth chamber (Sanyo Co. Japan) (table 2) accordingms, E. and Rank, L., Metabolism of proline and the hydroxyprolines,
to GriFFiTH (1993). Non-acclimated control plants were kept in the green- Ann Rev Biochem49: 1005, 1980.
house. Samples from cold acclimated and non-acclimated plants were tak@map, |.; LARHER, F.; Mann, A.F.; McNaLLy, S.F. and SwarT, G.R.,
at 15 day intervals. When both of the plants species were cold acclimated, Nitrogen metabolism of halophytes. IV. Characteristics of glutamine
proline contents were higher than in the controls (non-acclimated) (figure synthetase fronTriglochin maritima New Phytol 91: 585-595, 1982.
1) (Amici et al, 2003). Amici, O.; Demir, Y. and Kocacaiskan, Y., Effects of low temperature on
winter wheat and cabbage leav@&plogia Plantarum46 (4): 603-
~ Table 2 o 606, 2003.
Growth conditions for cold acclimation Aziz, A.; MarTIN-TanGuY, J. and LrHer, F., Plasticity of polyamine me-
) . . tabolism associated with high osmotic stress in rape leaf discs and
Time [d] Temperature [°C] [day/night] | Day-length [h] [light] with ethylene treatmenPlant Growth Regul21: 153-163, 1997.
1-7 20/18 16 Bates, L.S.; WaLDReN, R.P. and Earg, 1.D., Rapid determination of free
8-13 17/15 15 proline for water-stress studieBJant and Soil,39: 205-207, 1973.
14-19 14/12 14 BLum, A. and EBercon, A., Genotypic responses in sorghum to drought
20-25 11/9 12 stress. Ill. Free proline accumulation and drought resista@ozp
26-31 8/6 10 Sci, 16: 428-431, 1976.
32-37 5/2 9 BocGEss S.F.; SewarT, C.R.; AspinaLL, D. and RLec, L.G., Effect of
38-45 5/2 8 water stress on proline synthesis from radioactive precurftast
Physiol, 58: 398, 1976.
Witas wabinisd Ty CrAMER, G.R.; EpsTEIN, E. and laucHul, A., Na—Ca interactions in barley
3 : seedlings: relationship to ion transport and grovdtant Cell Environ

— 12: 551-558, 1989.
Dewmir, Y., Growth and proline content of germinating wheat genotypes

J
il g under ultraviolet light,Turk J Bot,24: 67-70, 2000.
2 m DemIR, Y. and KocacaLiskan, Y., Effect of NaCl and proline on bean
seedlings culturedh vitro Biologia Plantarum,45 (4): 597-599, 2002.
" FLores, H.E., Changes in polyamine metabolism in response to abiotic

stressin: R.D. Stocum, H.E. Rores (eds.),Biochemistry and Physi-
ology of Polyamines in PlantCRC Press, Boca Raton, FL, 1991,

Proline content A 214_2\}5' dq v V.S ¢ orol it . ter st q
in winter wheat ukuToku, Y. and Yamapa, Y., Sources of proline-nitrogen in water stresse

0 r and cabbage soybean (Glycine max) I, Fate &N-labelled proteinPhysiol. Plant,

J leaves grown 61: 622-628, 1984.
I I""'l |
5 R

in Cabbage DOiCemnd  []Cald
T Figure 1

PROWINE CONTENT JuM/g |

under control GrIFFITH, M.; ALA, P.; Yanc, D.S.C., tbn, W. and MorraT, B., Antifreeze

and cold protein produced endogenously in winter rye leawant Physiol
100: 593-596, 1992.

Hanson, A.D. and Hrz, W.D., Metabolic responses of mesophytes to
plant water deficitsAnn. Rev. Plant PhysioB3: 163-203, 1982.

DISCUSSION KisHor, B.P.K.; HonG, Z.; Mino, G.; Hu, C.A. and \érma, D.P.S., 1995.

Adverse environmental conditions induce the accumulation of ‘streS&CBE — www.ncbe.reading.ac.uk
metabolites’ in plants. Of these metabolites proline is probably the maSerexpression of D1-pyrroline-5-carboxylate synthetase increases pro-
widespread. It has been shown that proline accumulates under conditions |ine production and confers osmotolerance in transgenic plRfast
of water shortage, high salinity, chilling, heat, heavy metal exposure and ppysjo| 108: 1387-1394.
ultraviolet stress. The accumulation of proline in plants subjected to engs-,0 | and Dwir. Y.. In vivo and in vitro protective role of proline
ronmental stresses has been widely, although not universally, observed. pjant Growth Régdiationss- 259-264. 2002 '
There are three possible causes for the accumulation of free proline unde ; e L )
stress: first, stimulation of proline synthesis from glutamic acid, which hrt]al%E{Etith’ OSftmtsrz ;)ehnﬁlc())rl]?g%.mthecgﬁcggrq&; sggrltflcsacrilcgs_ofzghle i\gggmula
been found to be dependent on the abscisic acid concentration; sec db B g E Hg U P | 1| X e ; I"
inhibition of proline oxidation to other soluble compounds; and, third>" BEgT!t : :;m t.CHESC.;'ﬁ o _nus_uah S0 “tB'c.’” ﬁmp‘;rt';f;l’. gr700|ne
inhibition of protein synthesis @uir, 2000). Genotype variations are 297 |139|;18erac ion with proteingiochem. Biophys, Actd4l: 270-
very common; however, a positive correlation cannot always be found n Y ]
between the proline content and a plant's relative tolerance or susceptiitcts T-N-; AsPiNALL, D.; PhLec, L.G. and Becess S.F., Stress metabo-
ity. Restoring plants to optimal growth conditions results a rapid decline in !iSm- Il Changes in proline concentrations in excised plant tissues,
the proline content (BMr and KocagaLiskan, 2002). Aust J of Biol Sci26: 57-63, 1973. _

As a result, the induction of proline accumulation by water shortage ha&wArT, C.R., Effects of proline and carbohydrates on the metabolism of
been ascribed to several possible physiological functions. These functions €xogenous proline by excised bean leaves in the ddant Physiol,
include osmoregulation, a soluble N sink, a signal of senescence, and an®>0: 551, 1972. S , _
indicator of plant resistance to stress. Proline may affect the solubility 8fewart, C.R., Proline accumulation: biochemical aspects, in: LGe®
various proteins, thus protecting them against denaturation under water- D. Aspinal, eds., Physiology and Biochemistry of Drought Resis-

o conditions

stressed conditions (Bv and Bercon, 1976, SueH et al, 1973). tance in Plants, Academic Press, Sydney, 243-259, 1981.
SAPS - www.saps.org.uk or www — plantsci.cam.ac.uk
CONCLUSIONS StewarT, C.R. and Ee J.A., The role of proline accumulation in halo-

Proline accumulation is an interesting field, worthy of detailed investi-  pnytes, Planta, 120: 279-289, 1974.

gation and exploration. It gives students the opportunity to learn and g, zpavaz, R. and GkirLAR, H., Effects of salt and water stress on pro-
a_pply their knowledge _of basic math_ematlcal da@a analysis. It is relatlve_y portionally water content, proline and betain in two whdatticum
simple to observe proline accumulation and environmental stress by using aestivumL.) varieties grown in TurkeyDoga, Tr. J. of. Biology14:

a spectrophotometer and, hence, is extremely suitable for use in high school ) “125.148, 1990. '

biology laboratories. . .
If they have learnt the properties of proline from the laboratory exercisvev,YNirﬁﬁzseﬁé%inzn;e S?\';Eé oRm'baSriasl(t)nS t(r)tfasssal?r;ctir gsg;jp?irr?;'\gv\?:g:rﬂﬁgy

they can understand the relationships between proline accumulation and and three barley cultivarsust. J. Plant Physial 5: 839-850, 1978.
environmental stresses in the plant. Thus this laboratory exercise could

also be useful for biology classes in universities. Received: 6.12.2004 / Approved: 9.09.2005
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