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AB3TRACT

Several biological systems Lave be:n examined for the presence of
methylgloxal, 7TlLe metlods employed for tlis investigation of fer
several advantapes over the previocus tsclmiques used for determing
metlylglyoxals they are quite sensitive and specific, and ey pemit
eximination of dioclogieal systems undor almost pliysiologioal conditions,

In most of these experiments, the matorial under investigation wa
lyophilized and the distillate collected, This distillate was either
freated with ohromotropio acidesulfuric acid mixture and the concene
tration of methylzlyomal determined by fluocrometry, or the carbonyl
conpounds present wers gonverted to their oximes and the resulting mixe
Sure exaxined for metlylglyoxise by paper chromatograpliy,

Ko metiylglyoxal could be found 4n ba'mrie yc;-t, yeast formens
tation mixtures, rat liver er ret dlood, Tho addition of very low
conoentrations of methylglyexal to thess B/stons was aleso sticlied,

Ko methylglyoxal could be recovared unless the s stem was previously
inhibited with fodoacetis acid,

AS‘N!‘&I plants have also been exmmined., The older leaves were
found to contain & substance which reacts with chromotropis acid to
yield a fluorsscent oompound, Noreover, a substance was present wich
apparently forms an oxime, TLis "oxime® can be convertsd to & yellow
nickelous complex, but the Rf walue for the "aoxime® is consideradbly
greater than that for methylrlyoxime,
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RISTCRIC L INTROCTICR



EISTORICAL INTAOUCTICN

The now obsolets theory of methylglyoxal as an important intere
modiste in glycolysis first came into being around 1912, The close
structural relationsiips between lactic and pyruvic acids and methyle
glyoxal gontributed greatly to the attrmctivensss of the idea, and 4t
was partially substantiated by identification of glyoummlase, which
eatalyzes the conversion of methylglyoxal %o lactic acld, as well as
by indications of the actual occurrence of methylglycxal in a variety
of biological systams, Thus, as early as 1913 Dakin and Dudley (1)
reported the presence of glyoxalase in bdlood and in various tissues
(1iver, heart, muscle, brein, and iddney) of & musber of animal species
(man, dog, ox, shesp, rabbit, "foWl®, and codfish), MNore recently,
Bopkins and Morgan (2) found an exceadingly wide distributiom of
glyoxalass among invertebrates, algas, seawsed, fungl, and higher
plants, An early claim to the identification of methylglyoxal in bioe
logioal systems occurs in the rwport by Toennissen and Fisher (3) who
1solated methylglyoxmal p-nitrophenylosasone from an incubation mixture
consisting of fructose«l,b~diphosphate and muscls and pancreas tissue,
iriyana (L) repsated this work and found evidence for the presence of
methylglyoxal in the color formed on resction with arsenophosphotungstie
acid and eyunide iom, Neuberg and Kobel (5) reported isolation of
methylglyoxal as its 2 L-dinitroplenylosazons from bacterial extracts



to -ddeb fructose-l,b=diphosphate had been added, Similarly, iubel
and Simon (6) isclated methylglyoxal 2,L-dinitrophenylhydrazons from
yoast and from dog muscle when these materials were incubated with
hexose diphosphate, HNeedham and Lelmann (7) also claimed fdentifie
sation of methylglyoxal by the procedure of Neuberg and Kobel (5) in
chicken embryo tissus, Case and Cook (8) reported that methylglyoxal
cccurs ag an intermediate in lactic acid formation,

Keuberg and Xerb (9), Levene and Meyer (10), Daldn and Dudley (1),
and Keudberg and Xobel (12) all proposed plausible schemes for gly-
celysis which involved methylglyoxal, Probably the most interesting
was that of Levene and Meysr which is shown below,

GHO ¢HO CHO ¢Ho CCOH
ot G R
COH K;0H H;OH CHO HO  GHD
M Tl W T B0

The culmination of these schemes was reached in that suggested in 1929
by Neuberg and Xobel which is showm in the following outlines

bhexose —» intermediate phosphorylation
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CHyCOCOCH —> CEaCHO 4C0,

CH4CHORCOOH / crr}czr,m




The work of Meyeriof shattered these hypotheses, 80 that these
ideas which were really naver built upon firm experimantal ground
bave since fallen into disrepute,

Notwi thetanding tids and the fact that its true role remains a
aystery, the significance of methylglyomal in diclogical syatems
cannot be disregarded,

Mayer (13) showed that methylglyoxal formation is possible from
glycesraldehyde and other tricses phosphates, This formatiom is a
chemical ratlar than an enrymatic reaction, becanse active muscle
extract did not yleld more methylglyoxal than boiled muscle extract,

Stohr (1L) showed that methylglyoxal is toxic to rats, Kun (15)
presented strong evidences showing the inhibitory effect of methyle
glyoxal en succinie dehydrogenase, Apparently methylglyoxal combines
with «SH eneymes to form & stable condensation compound, Other «CH
ensymes, -malic, ~glutamic, triosedehydrogenases, hexplinases,
adenosine triphosphatases are alse inhibited similarly to succinic de-
hydrogenase, Salem (15) showed that metliylglyoxal is excreted in the
urine of thiaxine-deficient rats, This appears to be caused by &
deficiency in glyoxalase activity in the liver, Therefore, the symptoms
of thiamine deficiency can be atiributed te methylglyoxal intoxication,

The physioclogical role of glyoxalase in tissus was suggested by
Keysrhof (17) when he pointed cut that tils engme may eliminate the
spontanecusly formed methylglyoxal,

Lolmann (18) showsd that reduced glutatlions is the coensyme of
glyoxalase, Yamasoye (19), Jowett and Tuastel (22), and Racker (21)



repcrted that methylglyomal and glutatlions form a compound, and sug-
gested that tlds might be an intermediate in the glyoxalass reactiom,
Jowsts and Quastel (8C) obesrved that the =SH groups titreble by
fodine decrsased when methylglyeml was added te a glutathions (GSH)
" solutien, They proposed the following mechanism fer glyomalase action
CH
gm + GSH go HZ0 cggg + GOH
tHy — 7 CH, = Hy

Flatt and Schroeder (22) notised that fodoacetic acid inhibits
glyoxalase action by destroying glutathione, the ermyme itself not be-
ing harmed, which was shown by the fact that addition of glutathione
would restaure the activity,

Yanazoye (19) showed thad the compound furmed by methylglyoxal
and glutatlione in the pressnce of liver glyoxalase was different from
that formed in its adasence, He was able to isolate both, Ths compound
fermed 4in the absence of the enryme was very labile and bshaved like a
mixture of glutathione and methylglyoxal, The "biclogloal" campound
formed in the presence ef the enzyme above pH 7, slowly broks dowm to
fornu glutathione and lactic acid, Hopkins and Morgan (2) demonstreted
that ox bheart gl,nﬁhu was made up of two components, One of these
i3 the Yengyme™ widch converts methylglyoxal and phenylglyoxal to tle
oorresponding hydroxyacids at equal rates, The other component, which
these authors called "factor®, wiwn added to tle systems inorsased tle
rate of conversion of methylglyoxal, but had no effect on phanylglyoxal,



In the presence of the "enzyme®, the "factor" was separated by ad-
lor;puon of the letter on calcium phosphate gel at pH 5,6, Racker (21)
demonstrated the presence of an intermediate by its absorption at

240 » , since peither glutathions, nor methylglyoxal show appreciable
absorption at that vave length, Using entyme preparations from yeast,
Racker also studied the function and properties of glyoxalase I and II,
vhich be claimed correspond to Morgan's ®emzyme® and "factor®, and he
proposed the following mechanism for glyoxalase action,

0
Pl L RIS
ta, Hy GSH CHy  CHy HR0 CHy
Using an entyme preparation from ox heart, and different techniques,
Crook and Law (23) arrived essentially to the same conclusions as
Racker,

Although methylglyoxal is no longer considered an intermediate
in glycolysis, there still remain scme possibility that it might be
present in blological systems, This work presents an examination of
several biological systems using nthodi vhich are specific for methyle
glyoxal and poru; an investigation for this substance under almost
physiological eonditions,



EXPLRIMINTAL MITHCDS



&XP SRIMEXNT AL M..TRODS

Materials

Zthancl, nickelous sulfate, sodius acetate, anhydrous etlyl ether,
disodiwm hydrogen phosphate and sodium chloride were all C,P, reagents,
Matheson chromotropic acid was recrystallised from 50 per cent ethanol,
Sulfuric acid was Merck reagent grade, Iodoacetic acid, n-heptancl,
hydroxylamine hydrochloride and ssmicarbaside hydrochloride werse
Eastman Kodak Company best grede. Fructose-l,6=diphosphate was ob=
tained from Nutritional Biochsmicals Corperation, The yeast was a
Fleisclman product, Dl-Glyceraldelyde was obtained through the coure
tesy of Dr, John C, Speck, Jr,

Apparatug
4 Model 12-B Coleman photofluorometer, squipped with a B 2 primary

filtor and a PC~2 secondary filter, and the standard cuvettes supplied

for this instrument were used in making all fluorescence measurexents,
4 lyophiliging apparatus weas made from a U fube fitted with

greund glass joints, At ene end was attached a S0-ml flask in which

was placed the material te be dried, The other end ws commected to

a tube which was placed into a dry ice-ethancl bath, The apparatus was

evacuated with an oil pump,



Preparation and Standardisation of Methiylzlyoxal Stock Solutions

Those stock solutions were prepared and standardised according to
the procedurs described by Thornton and Speck (2L),

One gram of DL-glyceraldehyde was dissolved in 25 ml, of 1 M
sulfuric acid, and this solution was distilled, Fifteen milliliters
of the distillate were collected and diluted to 100 ml, voluse with
distilled water, The resulting solutions were stored at 5°,

The methylglyoxal solutions were standardized by precipitation of
the disemicarbasone, 7To a 10-ml, aliguot of the solutimm to be
standardised was added a filtered solution of 1 g. of semicarbazide
bydrochloride and 1,5 g, of sodiun acetate in 15 ml, of distilled
water, The mixture was allowed to stand for 2L taouri. The precipitate
was oollected im a filter crucible and washed with a few gﬂlﬂiﬁcro of
water. It was then dried in an oven at 105° and weighed,

Quomtr__lc Determination of Ketlglgﬂ_x_g

These detemminations were carrisd out according to the procedure
of Thornton and Spsck (2L) also,

Standard solutions of methylglyoxal were made up freshly every day
from_the stock solution, One milliliter of the standard solutioa and
1 nl, of freshly preparsd 2 per cent chromotropic acid were placed in
& 25-ml, volumetric flask, Separate solutions econtaining the uninown
and the blank were prepared in the same way, To sach of these solutions
were then gradually added 10 ml, of ice-cold concentrated sulfuric acid,
The flasks were cooled during the addiition by swirling in an ice-~wvater



mixture, Aifter addition of the sulfuric acid, each flask was stoppered
and placed in a shallow water bath containing ice-water mixture, The
flas:s were then transferred together to a water bath maintained at
50° where they wers mdrled for five minutes, At the end of this time,
the flasis were transferrsd together to a cool water bath where they
were quickly broughd to room temperature, Fach flagk was diluted %o
the mark with concentrated sulfuric acid, and the fluorescence of the
uninown was comparsd with the standard, using a blue primary filter,
and & yellow secondary filter for the measurements.

The experiments described below inwvolve the examination of several
biological systems which 4% was Shought might contain methylglycumal,
The material examined was lyopldlized and l-ml aliquots of the dis-
tillate were treated with clromotropis acid, according to the pro-
cedure described above, The fluorescence wis compared with that of
a Jmown standard, ’

Examination Yeas
Five grams of baker's soft yeast wars placed in the lyophiliz-
ing apparatus, and the distillate was collscted,

ab Rat
A male i-a was sacrificed, Five milliliters of blood were im-
mediately collected frem the animal and placed in the lyophilieing
apparatus, |



Exarination of Rat Liver
A female rat, eight menthe old, was sacrificed, The liver was

removed immediately, placed in a flask, frozen and lyophilized.

Exanination of Ysast Fermentation Mixtures
The fermentation mixture was prepared in the following mannars

Te 10 ml, of a 10 per cent solution of glucose and 10 ml, of & 01 X
disodium hydrogen phesphate sclution wers added 5 g, of yeast, This
mixture was allowed to stand for two hours at room temperature, Five
milliliters of this suspension were lyophilized. .

Examination of Liver Fxtract Incubated with Fructose-1,6-Diphospliate
Two male rats were sacrificed and their livers (Sotal weight

18.3 g.) were removed, These were then greund in a mortar with clean
sand and suspended in 50 ml, of borete buffer at pH 7,0, The borate
buffer was prepared by titrating 200 ml, of L per cent doric acid solu-
tion with 0,1 ¥ sodium hydroxide, using a pH meter to check the pH,
Ten milliliters of this suspension were added to 25 ml, of 1.2 per cent
fructose=l ,6=diphosphate sclution, This mixture was incubated for
2l bours at 37°, This was labelled mixturs I, The remainder of the
suspension was also incubated at 37° for 2L bours, Ten milliliters of
this mixture were then added to 25 ml, of a 1,2 per cent solutien of
fructose-1,6-diphosphate and incubated further for a 2L-hour peried,
This was labelled mixture II,

At the end of the 1ncubatiqn period, S-ml, aliquots were removed

from each mixture and lyophilized, .
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Sxamination of Yeast (Heth-lzlyoxal Addes)

To 3 g. of baker's soft yeas$ was aided 1 ml, of 0,1 M fodoacetic
aoid solution, The mixture was allowed to stand for ons hour at room
temperature, One mill{liter of a solution containing 0,00271 mg, per
nl, of methylglyoxal was added t0 this, The mixture was immediately
placed in the lyophilisging - spparatus and the distillate collected
(L m1,),

Sxamination of Yeast Fermentation Mixture (Methylglvoxal Added

A fermentation mixture was prepared in the following manmners Ten
milliliters of a 0,1 M glucose solution, 10 ml, of 0.1 M disodium
hydrogen phosphate solution and 5§ g. of yeast wers mixed, After stand-
ing for two hoﬁrs at roos temperature, 1 ml, of 0,1 M fodoacetic acid
was added, The mixture was then allowed to stand for one half hour
longer, Four milliliters of thLis suspension were removed and 1 ml, of
methylglyoxal solution contaiming 0,0385 mg, of this substance was

added, This portion was then lyopidlised,

Examinaticn t Blood (Methyl Added |

A rat was sacrificed and the blood immediately collected, Five
~ mf11411ters of the blood were placed in a flask to which was added
1 ml, of a solution of methylglyoxal containing 0,0021 mg, per ml,
The flask was commected to’tho 1yophilizdig apparatus and the dise
tfllate wvas collected,






Examination of Plants for Meth lglyoxal

The leaves of the following plants wore investigated for methyle
Qyoxals Maple (Acer sagcharus), mulberry (Morus alba), white oak
(Quercns alba), widte fir (ibies goncolos), biue grass, ivy
(Paztlonocissus tnkuspidata), and tobacco (Nicotiana rustica), In ad-
dition, the roocts and stems of tobacco plants were also examined,

Preparation of Leaf Extract
Fresh leaves were collected, without the stems, washed and placed

in a deep freese evernight, VWhen ready for wse, they were thawed,
placed in a muslin cloth, and‘pmuod in the hvdrsulic press, The juice
wag izmediately frozen with dryeice and lyopldlized..

Pgper Chromatography

Attesphs ﬁro made to identify methylglyomml ia maple lsaves by
fornatien of the methylglyexime and separation and idemtification of
this substance by paper chromatography acoording %o the procedure of
Speck (25),

Twenty grems of fresh leaves wre collected, washied and ground in
& VWaring blender, To this mixture were added 100 ml, of distilled
nﬁr, 1g,o0f me hydrechleride and 1,5 g. of sodium agetate
(trihydrate), This suspension was u{nmod with sodium chloride, and
sxtracted vith five S0-ml, pertions of anhydrous ethyl ether, The
combined extracts were dried overmight over anhydronl sodium sulfate,
The ether was distilled off, the last portion being removed under vacuum
at the water pump 4in erder $o0 avedd owsrheating of the residue,



The residue was then dissolved in 0,5 nl, of water and a few drops

of the selution placed on & sheet of Whatman No, 1 filter paper,

The solvent used for puper chromatography was water-saturated n-heptancl,
After allowing the solvent to rise for 20 hours, the sheets were dried
in the air and sprayed with a 3 per cent solution of nickelous sulfate
te which had been added 0,1 ml, of 28 per cent ammonia per 100 ml, The
chromatograns indicated several brow spots and considerable 'fdling'.

In another attempt to identify methylglyoxal in leaves, 35 g, of
freshly collected maple leaves were ground in a mortar with acid-washed

sand and pressed with 15 ml, of distilled water, To this solution was
added 1 g, of hydroxylamine hydrochloride and 1 g, of sodium acetate,
The solution was filtered and treated for papsr chromatography according
%o the procedure desoribed above, The chromatograns obtained in this
mamner also showed congiderable "tailing® and seversl browm spots,

In ordor to definitively prove the presence or absence of methyl-
glyoxal in plants, maple leaves were collectod, washed and placed in
the desp freese overnmicht. Tlhey wers then thawed, placed in & muslin
eloth and pressed in the hydraulic press, The extract was immediately
frosen and lyophillised, To the distillate (approximately SO ml,) was
added 1 g, of hydroxylamine hydrochloride and 2 g, of sodium acetate,
This solution was tresated for paper chromatography according to the
procedure previously described, The results are indicated in Table IV,

Attempt Ia Methyl xal b or Chromatogra t Liver

»

2 Iracts

4 male rat was sacrificed and the liver irmediatsly removed,
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It was placed in a Waring blender with a solution of 1 g. of hydroxyle
amine hydrochloride and 1,5 g. of sodium acetate in 50 ml, of distilled
water, This suspension was treated for paper chromatography according
te the procedure previously described,

Atterpt to Identify Methylglyoxal in Yeast by Paper Chromatography

Twenty grams ef baker's soft yoast were placed in a Waring ﬁloudor
with 50 ml, of distilled water containing 1 g, of hydroxylamine hydro-
chleride and 1.5 g, of sodium acetate, This suspension was treated
for paper chromatography according to the procedure previcualy deseribed,







E.XLTS AND DIXUSIIC




RISULT3 AND DISCUSIION

Ko metlylglyoxal could be found in yeust, yoast fermentation
mixtures, rat blood or rat liver, The metliods employed for this
investigation offer ssveral advantages over the previous techniques
used for determining methylglyjoxal, They are quite sensitive and
specific and they permit an examination of bioclogical systems under
almost plrysiological conditions,

A study was made in erder to determine whather {t is possidble
%o recover any methylglyoxal when it 4s aided at low concentration to
tiese systems, It was found that when metlylgl:oxal wes added at
concentrations of 0,003 mg, per ml, to yoast, yeast fermentation
nixtures or rat blood none eculd be recovered, These results can be
attributed to the immedlate formation of & compleox botwsen methyle
glyoml and glutatMone, (Several investigators (18,19,20) have
shown that glutatliione acts as & cosnsyme in the transforsation of
methylglyoxal te lactic acid,) Since thie reaction can be inhibited
by adding 4odoacetate (22) thess experiments wers repeated wvith iodo-
acetate present., The results, which were not alwmys reproducible,
are reported in Table I,

Although those recoveries are rather low, tley nevertheless can
be considered significant~-particularly in view of the instability of
methylglyooal efthor at low concentrations or in the presence of
biological systems, These results indicats that &f methylglyoxal



TBLE X
R OOV OF METHILQLYOXAL ADD D TO STSTUS CATATNDNG JO0LSITE

S:raten HMetlr1gloxal Mathi/lrloxal Por Cond
~died, Mg, Lecoverad, Mg, Eecovery
Yeast 0,041 0.0072) 3.3
Yeast Fermantation
¥ixturas 0,35 0.,0C19 5.0
Blood (Rat) 0,0C21 4] 0

accumulated appreciably at any stage of glycolysis one sliould ba able
to datect 41t by tlese mathods,

Ariyana (L) and sevsral otlier woriers reported that liver extiracts,
wien incubatad with hexose diphosphate yleld meth;lglyoxal, It was
decided to repeat this work in order to determine w.stlier meih 1zl roxal
could be detected under these circumstances by reaction with cliromoe
tropic acid and fluorometry, The resulls of this experiment, which
are meportad in Tatle XI and which incdicate the presonce of metlile
glyoxul, support Ariyama's wori,

Ths original liver lLomogenatesborats mixture was also testad for
methrylglyoxal, Ko motliylglyoxal could be det=ctsd in tils suspension
whan no fructosesl ,b=diphosplate had beon aided,

These results shiown in Table III {ndicate the presence of signifie
cant amounts of meth;lglyomml in plants, especially in the olier green

leaves, In order to detarmine definitely its presence or absorce,
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TADLL 1T

LXAAINATICR OF LIV.R RHOMOC N.T.-8 INCUBAT I WITH
HUCT O  Jm] 6D IPUOZPH TS

Plank  Standard.  Solution T  Solution IT

Fl oromcter

keadings 0 Th 100 3]

® The standard contained 0,00096 mg, of methylglyoxal

] Ti3L8 111

[ 28

e RESULT 3 FAG THS EXAMIN.TICH GF FLANTS

¥

Flant Plucrometer Roading
Examined Tnknown ’W‘
Maple lLeaves L6 €5
Orase 0 &L
Ivy Leavas L 95
Mulberry Lesves ¢ g2
Cak leaves 10 92
Wite Fir Leaves 16 92
Tobucco Leaves 1L (¥
Tobacco Stoms 27 100
Tobacco Roots 0 73

® The standard solution vontained 0,0009% mg, of moth;lgl oxal

S0-ml, portions of distillate from lyophilisation of maple lesf Julce
wers exarinsd by the procedure involving paper chiromatography of tle
oximes, The r-sults of thess expariments ars shown in Table IV,
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THLE IV

R-SULTS OF PiPuit CHRQMATCGLAPHY OF LiF EXTiACT (DISTILLED)

R Value Tuality of Spov
Methylglyoxims 0.58 Bright pink and yellow
Unimowm 0,96 Yollow, with ®tailing®

These results indicate that methylzlyoxal does mot occur in the
lsaves of tlis plant, Instead gome other wolatile compound Laving
the property of forming an oxime wlich gives & yellow complex with
nickelous ion scems to be present, Tlis mbnm appears to react
vith chromotropic acid under the conditions of the procedure for
dotermination of methylglyowal to yiell a fluorescent compound, The
compound undoubtedly merits further investigation because of its
probable significance in photos nthesis,



-~
2
1»'

1, Yeast, yoast fermontation mixtures, rat blood, rat liver and
plants wers sxamined for metlylglyoxal, Ths methods involveds:

a) Lyophilization and fluorometric determination of metiyle
glyoxal in the distillate aftsr roaction with chromotropic
acidesulfuric acid aixture,

b) Lyophilization of ths mixture followed by cenversion of
carbonyl compounds in the distillate to their oximes and
scparation of the oximes by paper chromatography,

2, o meth;lzlyoxal could be datected in yeast, yeast formontation
mixtures, ret blood or rat liver, Moiliylglyoxal could be recovered
after being addad to these systems, providing lodoacetate wis added
also,

3. tviience for methylglyoxal production was obliined with rat liver
homogrnates incubated with fructose=l,6=diphospliate,

k. A volatile sudbstance was found in plants wiich gives a flucrescent
compound on reaction with chromotropic acid under the conditions
of the procedure for metlyl;lyoxal,

S. This substance cannot be methjlilroxal since it eould mot be econe
verted Yo an oxime baving an Rf walue idcntical with that of
rethylgl roxime,
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