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Abstract-Potassmm naphthenates (KNap) and espectally potassmm cyclohexanecarboxylate (KCHC) 
stuntdated the uptake and metabohsm of [%XJL] glucose in exctsed bush bean root trps Not only was COr 
production mcreased, but also ammo actds contammg glucose carbon havmg passed through soluble pools 
m root ttssues, were more rapidly fixed mto protem The coqlugated form of naphthenate, rather than the 
free actd, may have been responstble for the observed stunulatton of glucose assuudatlon 

INTRODUCTION 

THE CONVENTIONAL view of the naphthemc acids m petroleum bemg primarily mononaph- 
thenic and alkanoic acids recently has been expanded I.2 In addition to compounds with 
molecular weights greater than 1000,3 Elder4 has confirmed the presence of several low 
molecular weight acids, including cyclohexanecarboxyhc acid, m the naphthemc acid 
fractron from an Aruba crude oil 

Data obtained m our laboratory5-8 have shown that, m biological systems, these 
petrochemicals, mcludmg cyclopentane- and cyclohexanecarboxyhc acids are conjugated. 
Two of the conjugates present m naphthenate-treated tissues were the glucose ester and the 
aspartic acid amide The naphthemc acid mixture9 and cyclohexanecarboxyhc acidlo have 
plant growth-promotmg propertres 

The earhest report of the use of naphthenates m a biologtcal experiment dates back to 
1921 In this experiment’l 1 hr after the addition of 50 mg of sodmm naphthenates to 10 ml 
of a 2-5 % glucose solution which contamed 250 mg of yeast, COz productron was 140 per 
cent of the control value In 1966, Bazanova and Akopova’* reported that a 0.01 ‘4 naph- 
thenate solution stimulated respiratory rates of cotton plants when applied as a fohar 

* Present address Department of Btology, Saint Louts Umverstty, St Louts, Mtssourt 63104, U S A 
t W K SEIFERT and R M TEETER, Analyt Chem 41,786 (1969) 
z W K SEIFERT and R M TEETER, Annlyt Chem 42,180 (1970) 
3 R F GOLDSTEIN and A L WADDAMS, Petroleum Chemrcals Industry (3rd Editton) p 441, E 8~ F N 

Spon, London (1967) 
4 N G EIDER, .Z Puznt Technof 42, 504 (1970) 
5 J G SEVERSON, JR, B A BOHM and C E SEAFORTH, Phytochem 9,107 (1970) 
6 J G SEVERSON, JR, Canad Sot of Plant Physrol, Western Secfron Meetmgs, Vancouver, B C, 18-19 

February 1971 (Abstract) 
’ U PADMANABHAN, Northwest Scr 44,67 (1970) 
* C E SEAFORTH, J G SEVERSON, JR and D J WORT Unpubhshed data 
9 D J WORT, Can J Plant Scr 49,791 (1969) 

lo D J WORT and K M PATEL, Agron J 62,644 (1970) 
I1 C NEUBERG and M SANDBERG, Wochem Z 126, 153 (1921) 
I2 T B BAZANOVA and K M AKOPOVA, Zzv Akad Nauk Turkm SSR, Ser Wol Nauk 5,53 (1%6), rdem 

Bzol Abs 49,4685 (1968) 
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spray Abohna and Ataullaev13 and Ladygma I4 also observed an increase m respiration m 
potato leaves followmg naphthenate treatment Fattah and Wortls obtamed a slgmficant 
Increase m the rate of dark resplratlon m Intact bean plants 7, 14 and 21 days followmg a 
fohar apphcatlon of 03% potassmm naphthenates (KNap) to 14-day-old plants. Peter- 
burgsky and Karamete16 observed that a fohar 0 007% naphthenate treatment Increased 
the synthesis of ten ammo acids at the begmmng and at the end of the vegetative period m 
maize, and increased the synthesis of protein and non-protein nitrogenous substances m the 
leaves and roots Concentrations of naphthenates ranging from O-005 to 0 01% considerably 
Increased the total and protem nitrogen m the leaves of tomato, carrot, and beet followmg 
treatment ” The application of 2 x 10e2 M KNap to lCday-old bean plants resulted m 
Increases m the specific actlvlty of several leaf enzymes mvolved m nitrogen asslmllatlon 
measured seven days after treatment l* The treatment also increased the content of enzyme 
protein, and stimulated the mcorporatlon of L-[‘4C]leucme mto protein 

The basic objective of the work to be reported was to augment our understandmg of 
how naphthenate compounds stimulate the growth of bean plants More specifically, the 
purpose was to determine If the complex naphthenate mixture, or an mdlvldual naphthemc 
acid, cyclohexanecarboxyhc acid, affects the uptake and subsequent metabolism of labelled 
glucose m bean root tips 

RESULTS AND DISCUSSION 
As seen m Table 1, both naphthenate treatments slgmficantly Increased the 14C activity 

in the ethanol-soluble, ethanol-msoluble and the respired 14C0, fractions. Usmg total 

TABLE 1 TOTAL RADIOACIIMTY, AS mpc, IN THE EtGH-soLuaLE, 
EtGH-INSOLUBLE, AND RESPIRED COr FRACTIONS OF CONTROL AND 

NAPHTHENATE-TREATED BEAN ROOT TIPS AFI’ER SUPPLYING [“+c] 

GLUCGSE 

Control 
Treatments 

KNap KCHC 

EtOH-soluble 67 2 81 2* 83 6’ 
EtOH-Insoluble 61 1 63 l* 68 5+ 
Respired CO1 53 9 63 Ot 68 3t 

Total radIoactIvIty 1822 209 0* 220 4* 

Incubation sequence 6 hr m a [I%] glucose medmm, or In one 
contammg lo-” M KNap or lo-’ M KCHC, then 3 hr In a [‘*Cl 
glucose medmm Each value represents the mean of four measure- 
ments 

+ SIgmficantly dIfferem from the control value at the 0 05 level 
t SIgmficantly different from the control value at the 0 01 level 

I3 G AB~LINA and N ATAULLAEV, In Plant Strmulatzon A Symposium (edad by K L POPOFF), p. 919, 

Bulg Acad of Sciences Press, Sofia (1969) 
I4 E A LADYGINA, Dokl , Yses Soueshch Prunen Neft Rostovogo Veshchestva Se1 Khoz, 2nd, Baku 162 

(1963), Chem Abs 20833k (1967) 
I5 Q A FATIXH and D J WORT, Can J Bot 48,861 (1970) 
I6 A V PE%RBURGSKY and K I KARAMETE, In Plant Stzmulatron A Symposuun (edited by K L POPOFF), 

p 978, Bulg Acad of Sciences Press, Sofia (1969) 
I’ P S JUKOVA, m Plant Stlmulatlon A Symposzum (e&ted by K L POPOPF), p 1025, Bulg Acad of 

Sciences Press, Sofia (1969) 
Ia D J WORT, J G SEVERSON, JR and D R PEIRSON, Can Sot of Plant Physrol, Western Sectron 
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radloactivlty as a basis for comparison,, 14C acttvrty m root ttps treated with KCHC was 
greater than the control value by 20%; the mcrease observed m KNap-treated root tips 
was 13 %. The data of Table 1 mdlcate that both compounds had a statrstlcally slgmficant 
stlmulatlve effect on the uptake of labelled glucose from the mcubatron media The greater 
effect was obtained by the use of KCHC 

TABLE 2 TOTAL RADIOACWTTY, AS mpc, FOUND IN ~DWJDUAL 
EtOH-SowR~A?.mOAC~SA~M~LUC~EFROMCO~OLA~ 
NAP-NATE-TREA~DROOTTIPSAFIERSUPPLYING ['4c]0LUCOSE 

Asparttc actd 
Senne 
Glutamic acrd 
Threomne 
Alamne 
Glutamme 
y-Ammobutyrtc acrd 
Valrne 
Isoleucme/leucme 
Glucose 

Control 
Treatments 

KNap 

2 22 2 25”” 
5.12 9 OS* 
147 1 68” 

10 21 1140”’ 
10 10 10 25”” 

145 1 47”’ 
2 10 1 65”” 
491 5 75t 
3 54 4 38* 

1748 25 34”” 

KCHC 

2 68’ 
7 42* 
1.76” 

13 03= 
12 52= 
1 61” 
2 14’u 
7 32t 
3 35’ 

23 17“’ 

Total 58 68 72 79 75 54 

Incubation sequence as m Table 1. Each value represents the 
mean of four measurements 

ns Not sgtuticantly different from the control value at the 0 05 
level 

* Srgmficantly &fferent from the control value at the 0 05 level 
t Bgmficantly dtfferent from the control value at the 0 01 level. 

Each naphthenate treatment increased the 14C actrvlty m all ethanol-soluble ammo 
acids, except one. 14C actrvlty m serme was stgmficantly increased followmg KCHC and 
KNap treatments, while the increase observed m the case of vahne was highly slgmficant. 
Only the KNap treatment slgmficantly increased the 14C activity in isoleucine/leucme 
(Table 2) Because of varlablhty m mdrvldual values, increases of 51 and 40 % m the level of 
14C glucose m the ethanol-soluble fraction from KCHC- and KNap-treated trssues, respec- 
tively, were not quite statlstlcally srgnrficant at the O-05 level. 

The amount of 14C label m aspartlc acid, glutarrnc actd, and alamne from the ethanol- 
msoluble hydrolysate from KCHC-treated root tips was slgmficantly increased, and were 
123, 126 and 162% of the control value, respectively However, m the hydrolysate from 
KNap-treated root tips only 14C actrvrty m alanme was significantly greater than the control 
value (Table 3) 

Although the uptake and metabolism of carbohydrate and the effects of growth regula- 
tors on excised root tissue have been extensively reviewed by Butcher and Street,lg the 
mformatron relating to the effect of growth-promotmg compounds on the uptake and 
metabolism of sugars 1s very hmlted Kim and Bldwell 2o showed that both mdole-3-acetic 

I9 D. N BUTCHER and H E STREET, Bat Reu 30,513 (1946) 
2o W K KwandR.G S BIDWELL,CCWI J Bat 45,1751(1967) 
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TABLE 3 TOTAL RADIOACTIVITY, As lIl~C,FOUNDIN AMINO ACIDS 

FROM THE EtOH-INSOLUBLE HYDROLYSATR FROM CONI'ROL AND 
NAPHTHENATE-TREATED BEAN ROOT TIPS AFTER SUPPLYING ['*cl 

GLUCOSE 

Control 
Treatments 

KNap KCHC 

Aspartlc acid 3 76 3 58”” 4 73, 
Glutamlc acid 3 35 3 54”” 4 27* 
Alanme 2 13 3oi* 3 58; 

Incubation sequence as m Table 1 Each value represents the 
mean of four measurements 

” Not s~gmficantly different from the control valueat the 0 05 
level 

* SIgmficantly ddferent from the control value at the 0 05 level 

acid (IAA) and 2,4-dlchlorophenoxyacetlc acid generally reduced the uptake and retarded 
the metabohsm of labelled glucose by excised pea root tips Goldsworthyzl demonstrated 
that mannose competltlvely inhibited the phosphorylatlon of glucose by hexokmase m root 
tissues, whde fugher concentrations of glucose inhibited the uptake of mannose by com- 
peting for the hexokmase enzyme Even though the effect of naphthenate compounds on 
this particular enzyme has not been studled, the slgmficant increase m glucose uptake 
observed m naphthenate-treated root tissues suggests that hexokmase actlmty was also 
increased Fattah and WorP5 and Wort et al l8 have shown that the activities of nme 
different enzymes m bean plants were Increased followmg naphthenate treatment It was 
therefore suggested I8 that the stlmulatlon of plant metabolism by naphthenates must be 
general 

Even though the naphthenate treatments increased the 14C activity m almost all ethanol- 
soluble ammo acids, slgmficant increases of glucose carbon m serme and vahne suggest that 
certain metabolic pathways may be affected to a greater extent The increased level of 14C m 
serme indicates that folate metabolism may be affected,22 while m the case of vahne the 
regulation of the transammatlon of a-ketolsovalenc acid may be lmphcated Glycme was 
not detected on the radlochromatograms, suggesting that serme was not rapidly converted 
to glycme 

14C activity m aspartlc acid, glutamlc acid, and alanme m the hydrolysate of the ethanol- 
insoluble fraction from root tips treated with KCHC was slgmficantly increased The stlmu- 
lated mcorporatlon of these ammo acids mto protem, coupled with the lack of slgmficance 
observed m the 14C actlvlty m the same three ammo acids m the treated root tips from the 
ethanol-soluble fraction, suggests that protem synthesis was Increased by naphthenate 
treatment This IS supported by results obtained m our laboratory’8 which have shown that 
both the amount of protein, and the level of mcorporatlon of L-[‘~C] leucme mto protein of 
leaf blades from bean plants was increased by KCHC and KNap treatments. 

21 

22 

23 

24 

Zenk reported that m various plant tissues IAAZ3 and a-naphthaleneacetlc acld24 were 

A GOLDSWORTHY, Studres m the carbohydrate metabolrsm of excused roots Ph D Thesis, Unwerslty of 
Wales (1964) 
E A COSSINS and S K SINKA, Wochem J 101, 542 (1966) 
M H ZENK, Nature, Land 191,493 (1961) 
M H ZENK, Planta 58, 75 (1962) 
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converted to a mixture of the glucose ester and the aspartic acid amide, and that these 
conjugated compounds were referred to as being ‘true detoxicanon’ products, 1 e not 
essential m the growth mduction process Kim and BidwellZo also suggested that the 
aspartic acid conjugate of IAA was not responsible for the reduction of glucose uptake and 
the impairment of glucose metabolism m pea root tips Recently, it has been showP that 
IAA can form a macromolecular conjugate with tRNA Even though the presence of this 
macromolecular conjugate could not be confirmed, 26 the existence of such a conjugate 
has interesting imphcations. Davis and Galston 26 also suggested the possibihty of mdo- 
leacetyl aspartate (IAA-Asp) becommg attached to tRNA”“P yielding a compound similar 
to formylmethionme-tRNA which might serve as a protein chain mitiator However, 
using 14C labelled aspartate these authors could not demonstrate the presence of IAA- 
Asp-tRNAaSP m pea stem sections 

Studies m our laboratory5-* have shown that m the roots and leaves of bean plants 
[7-14C]KCHC was rapidly converted to a mixture of the glucose ester, the aspartic acid 
amide and several unknown metabohtes In these experiments KCHC, and m the present 
experiment KCHC and KNap were not detected on the chromatograms As stated pre- 
v~ously, Wort et al.‘* reported that the activity of several important enzymes was increased 
followmg naphthenate treatment However, no mcrease m enzyme activity was obtained 
followmg an m vztro addition of the free acid It would appear that naphthenate stimulation 
of glucose uptake and metabohsm observed m this experiment may have been m some way 
associated with the presence of the conjugated form of naphthenate, rather than with the 
free acid Experiments are currently being designed which will test the validity of this 
hypothesis 

EXPERIMENTAL 
The procedures were based on those described by Kim and Bldwell 2o Umform seeds of the dwarf bush 

bean (Phaseofus uurgurrs L c v Top Crop) were grown for 7 days m vermlcuhte m a growth room Root 
systems of umform size were quickly rmsed wrth dtstdled water, blotted, and 5 mm termmal root sections 
were cut 

Inc~banon The medium consisted of 20 pmoles Ca(NO& 4H,O, 100 pmoles KH2P0., and 280 pmoles 
sucrose m a total vol of 4 4 ml ” To serve as a control, the complete medium was added to the mam (lower) 
compartment of a glass bottle (capacity 55 ml), which contamed an upper compartment, capacity 6 7 ml 
(a Sknp mk bottle) Two Identical bottles also with the complete medium contained m ad&tlon the K salts of 
cyclohexanecarboxyhc aad (KCHC) (1 x 10e5 M) or naphthemc acids (KNap) (1 x 10m5 M) The medmm 
m each bottle was adjusted to pH 6 with 1 N NaOH, autoclaved for 20 mm at 15 lb/m2 and the K salt of 
penlcllhn G (15 rg/ml) and streptomycm sulfate (30 pg/ml) were added after coohng. 

Three sets of root tips (40 tips each), from the root systems of eight different plants (42-47 mg fresh wt 
per set) were placed m the mun compartment of three bottles, 1 5 ml of 1 N NaOH was added to the smaller 
(upper) compartment, and the bottles were tightly capped For the first phase of mcubatlon the m&a also 
contained [lzC] glucose (0 5 “/,) After 6 hr of mcubatlon m the dark at 25” with constant shakmg, each set of 
root tips was removed, nnsed with dlstllled H,O and blotted Each set was then placed m separate bottles 
contammg the complete medium m wluch [‘%I glucose (Amersham/Searle, Toronto, Ontmo), 2 5 pmoles 
and 7 5 ~vc per set of root tips, replaced the [“Cl glucose of the first phase of mcubatlon A fresh solution of 
NaOH was added to the upper compartment of each bottle The bottles were agam tightly capped and 
mcubatlon was contrnued for an additional 3 hr 

Tzssue analyszs At the end of the second tncubatlon penod each set of root tips was removed, rmsed with 
dlstdled H20 and blotted The root tips m each set were dlnded into two groups of 20 and each group 
transferred to boiling 75 % EtOH After 2 hr the EtOH-soluble fractions were placed m separate vials The 
root tips m each set were nnsed twice with bolhng 75 % EtOH, and the rmsmgs combined with the EtOH- 
soluble fractions The EtOH-soluble fractions were evaporated to dryness m an air stream and 1 ml of 25 % 
25 T YAMAKI and K KOBAYASHI, 7th Znternatzonul Conference on Plant Growth Substances, Canberra, 

Australza, December 1970 (Abstract) 
l6 P J DAVIS and A W GALSTON, Plant Physzol 47,435 (1971) 
27 W. A ANDREAE, J R. ROBINSON and M W H VAN YSPELSTEIN. Plant Physzol. 36,783 (1961) 
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MeGH was added to each fractton A 25-~1 ahquot was wtthdrawn from each 1 ml sample and was apphed 
to a 20 x 20 cm TLC plate coated wrth &lulose MN 300 HR (0 5 mm wet thtckness) (Macherey & Nagef, 
Co ) Chromatotzrams were develooed m n-BuOH-alacral HOAc-Hz0 (4 1 5, top phase) (BAWI and 80 % 
phenol Total radroacttvrty of the l&OH-soluble fra&on was determmed on another 2&l ahquot by hqurd 
scmttllation countmg 

Root tips whrch has been EtOH extracted were dtvtded mto two groups of 10 One group was transferred 
to 1 ml of formamtde, the trssues solubrhzed by heating the nnxture at 200” for 5 hr and, after mtxing, the 
solutron was dduted to 3 ml with dtsttlled Hz0 and total radroactrvtty determmed on a 0 2-ml ahquot The 
other group was hydrolysed m 2 ml of 6 N HCl for 10 hr at 105” After evaporating to dryness, 0 5 ml of 
25 % MeGH was added and each fractton (35 ~1) was apphed to TLC plates of cellulose MN 300 HR and 
developed as before Followmg rdenttfiatron usmg standards, the ammo actds were removed from the plate 
and radtoactrvrty determmed by scmtrllatron counting The leucme and tsoleucme standards drd not separate 
from each other Radtoacttvrty m the NaOH which contamed the respired “CO2 was deternnned on 0 1 ml 
samples by scmtthatron countmg 

The data were subjected to an analysts of variance of a nested design, and a comparison of means by 
Duncan’s New Multrple Range Test ‘a 
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