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RESUME. 

This thesis describes the results of cert in biochemical 

investigations on the serum proteins of patients suffering from the 

protein depleted state, kvashiorkor. 

The thesis is divided into two partf!,. A and B. 

WT A. 

The historical background and main biochemical findings 

are described with special emphasis on aisturbances in protein 

metabolism. 

The serum rotein pattern in untreated kwashiorkor and 

the serial changes occurring urlng treat nt e investigated 

by the starch gel electrophoresis echnique of Smithies. 

The main ·conclus1ons re:-

1. The reduction n ser albumin concentration is quantitatively 

tr..e st striking observation in the untreated patient. Certain 

other fractions, bo"WGver, notably p globulin C (transferrin) 

and the h ptoglobins are also rkadly depleted. ~ globulin 

concentrations varie fro c e to case. 

2. Dramatic changes in t e electrop rotic pattern occur during 

treatment starting as early as t.e third day after initiation 

of' treatment.. 

In uncomplicated cases, the increase in concentrations 

--------~----------~~----~-of/ •.. 
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or albumin, trans:f'errin and haptoglobin fractions run parallel. 

In so e cases, especially those associated with a 

megaloblastic type of anaemia, dramatic variations in the hapt.o­

globin concentratJ.ons occurred. It is suggested that these changes 

indicate a haemolytic process or the type described as detective 

erythropo1es1a. 

In some patients tractions, norma.117 not encountered or 

present in abnormal concentrations, developed during treatment. 

It is coooluded that the changes in the serum protein 

pattern during protein repletion are complex but that the protein­

synthetic echanisms relll81n intact in the depleted state even in 

the presence or compl1cat1ng factors such as severe infection. 

PART D• 

In the second part or this thesis (part B) the amino 

acid oompos1Uon of serum albumin from kwashiorkor -was compared 

with that or mrmal children. 

serum albumin from both normals and patients with 

kwashiorkor was prepared by three different tbods. 

The albumin hydrol,yaates wre examined by the ion 

exchange chromatographic technique of Moore and Stein. 

No signiricant difference between the amino acid 

composi t1on or albumin from normals and from patients w1 th kwaahior­

kor could be demonstrated, with the possible exception or the amide 

ammonia/ ••• 



ammonia content. 

The validity of the results re discussed and possible 

mechanisms for inducing alterations in the primary structure of 

proteins are considered. 

111 

It is concluded that, in the protein depleted state, 

replacement of essential by non-essentinl amino acids within a 

protein molecule does not operate as a chanism tor conservation 

or the essential amino acids~ 

........... _ ......... 
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lfil'RQDUCTION: 

Kwashiorkor or .infantile malnutrition occurs in all 

parts ot the world where through local customs or socio-economic 

conditions a diet deficient in protein and relatively high in 

carbohydrate 1s consumed. It is characterised by growth f'a1lure, 

oedema, skin and hair changes, various neurological disturbances 

and low serum proteins. Variations in the clinical manif'eatations 

are encountere-d in diff'erant parts ot the wrld but the basic 

syndrome remains the same. 

Marasmus is the term used to describe a condi t1on of 

general undernutr1t1on resulting from a diet poor in caloric value 

and 1n protein. However a sharp distinction between these tw 

syndromes is impossible as they probably represent the tw ends or 

a wide spectrum 'With many intermediate forms. 

R!STORIQAL BACKQROUND: 

The term kwash1orkor meaning "deprived child" was intro­

duced by Dr. Cecily Williams 1• then -working at the Childrena 

Hospital, Accra. She had already published an accowit of the 

clinical features of the illness two years earlier 2• The a1most 

inevitably fatal outcome of' the condition was appreoiated by the 

local inhabitants. Isolated repo1"ts or syndromes described under 

a/ ••• 



l' 

f 

) 

a variety of names but resembling kwashiorkor are to be found in 

the early literature, reviewed by Trowell et al 3. 

In 1906 Czerny and Keller 1t described the clinical 

features of a condition to which they gave the name 0£ 

2 

ti 
"Mebl.nahrscbadert meaning damage by cereal flours.. There is little 

doubt, from their diser1ption of the illness and its response t.o 

treatment 5, 6, that it resembled kwaahiorkor as w recognise it 

today. Guillon 7, in 1913 and later Normet 8 (1926) gave a 

detailed account of tt.Annam swlling•t. Early reports from Africa 

were those of' Mc Conner 9 (Uganda) where it was ref'erred to as 

"oedema disease' and affected both adults and infants. Jamot 1~ 

made similar observations 1n French Equator.1 1 Africa during the 

first ~rld War (1914-1918). The condition usually followed a 

period of fighting, again affecting both adults and infants. 

Oedema. of the skin, depigmentation or the hair and a fatty liver 

at autopsy were the main findings. 

Therefore by 1920 kwashiorkor as w recognise it today 

bad been described in some for or another in most parts 0£ the 

l«>rld. Bo"Wever the common aetiological background was unrecognised. 

Initially, especially in Africa,. Helminth infestations wre 

regarded as a major cause 11• 1ll1arns 2 appreciated tbe · importa.nce 

or an insufficient diet and in her report to the Medical Department 

had no hesitation in labelling the condition as a def'ic:iency 

disease. Stannus 12, disagreed with this view and because ot the 

skin lesions, insisted that the condition is one of infantile 

pellagra/ ••• 



pellagra. This pellagra controversy raged for a long period of 

time and Stannus• view wre generally accepted. Trowell ll, in 

1937 reviewd the literature f'rom Atrica ·and also considered the 

condition to be one of infantile pellagra. As a result or his 

publication~ a gift of' nicotinic acid was received from the 

United States but proved completely ineffective 1n a therapeutic 

trial. At about this time Dr. Williams 1>+, then in Malaya, 

realised that the dermatosis was not an essential part or the 

illness as it occurred there.. Trowell 15 in a further review of 

the literature considered the possibility o£ a nutritional oedema. 

At this time the first serum protein estimations were performed 

and the low serum albumin concentrations noted. The possibility~ 

a protein deficiency syndrome ws now realised although the role or 

associated vitamin detie1enc1es 'W8S undetermined. 

It is interesting to note that Normet 8 1n 1926 and 1n 

a subsequent paper 16 had observed the low blood urea values and 

small daily urinary nitrogen excretion. He was convinced that the 

condition was one of protein deficiency and advocated the intra­

venous injection or glycine as a specific .form of therapy. 

During this early period up to 1940, several important 

publications appeared f'rom Central America 17' 18, l9,. 20• The 

cllnical features were essential.ly the same as those described 

.from A:f'rica and the far East. Corino Ubieo and nee! 21 also 

considered the oedema to be related to the bypoproteinaemia and 

described/ ••• 



( 
I 

• I 

r • ' . 
I 
l 

described the altered albumin globulin ratios. 

The period from 19+0 onward& saw a gradual reorientation 

of thinking although the pellagra issue was still not settled. 

Altman 22 in 1948 and subsequently Brock and Autret 23, although 

recognising certain silld.larities between the skin lesions of 

pellagra and kwashiorkor, realised that these lesions were not 

an essential part of the pie tare conf'1rmi.ng the observations or 
Williams 14 • 

By 195'2, as a result of the survey b7 Brock and Autret 23, 

the relationship between diets lacking 1n :rust class protein and 

kvashiorkor, had been f'irml.7 established. The observation that 

kwas.hiorkor did not occur amongst pastoral tribes in Atrica, where 

the children received milk, as higb.ly sign:t.ricant. An additional 

tacet vaa recognised in that the diets on which kwashiorkol' 

developed usually had a lo-w protein - high calorie ratio. Diets 

\ def"icient 1n both J.ead to the condition of marasmus or general 

undemutr1 t1on. 

Reports on morbid anat.omical and histological featurea 

obtained from autopsies and biopsy specimens were published by 

several l«>rkers. Paviea 24 recognised that 1n addJ.tion to the 

tatty liver, degenerative changes wre present in the pancreas, 

aallvary glands and 1ntest1na1 mucosa. At about the same time 

Veg~ 2;, 26 noted the correlation between pancreatic atrophy 

and decreased enzyme produc-t1on. 

Front/ ••• 



Fro 19;0 onwards the problem of kwashiorkor 'Wa.S 

investigated along nr>re spee1al1sed lines with emphasis on the 

biochemical disturbances. An attellJpt will now be made to summarise 

briefly the main lines or investigation. 

DIET: 

It is evident from the wrk of Gopalan 2?t 28, in. India, 

that by the age of six months, the intake or protein by the inf ant, 

entirely breast fed~ is insufficient for optimal growth. If breast 

reeding is eont1nued for periods up to a year without supplementa­

tion with first class protein, the infant may already be protein 

depleted on lileight per ago basis. Should weaning therefore occur 

suddenly at this time and braast milk replaced by a diet containing 

largely carbohydrate, the stage is set for the development of 

kwashiorkor. The age or maximal incidence is therefore closely 

related to the duration or breast reeding 3, 29, 30. 

That the disease 1s indeed one of protein deficiency and 

not some other factor present in breast milk was demonstrated by 

Brock et al 31• These workers demonstrated that a cure could be 

initiated by giving purified casein or synthetic mixtures 01" am:ino­

acids. Conf'irmatory evidenae was supplied by Behar et al 30 using 

vegetable protein mixtures with or without amino-acid supp1ements. 

§EECIFIC/ ••• 



lthough the typical kwa.shior-kor diet is relatively 

deficient in sulfur containing am1notac1ds 33' 31+, and tryptophan37, 

these amino-acids are still present in anx>unts exceeding the 

minimum reqUirements as determined by Rose 36• Collis et al 59 

derIDnstrated that at least in Nigeria, the difference 1n amino-acid 

intake was quantitative rather than qualitative. The total protein 

requirements exceeded the awn of those for essential amino-acids 

and normal growth ean be restored by a supply 0£ glycine or even 

urea 37. This i"aet was already appreciated by Normet 8 as far back 

as 1926. 

The problem of am1no- ac1d balance of the diet and its 

effect on protein requirements was rev1ewd by Harper and Kumta 38• 

The e!'ficiency with which protein can be utilised as a source 

of amino- acids for tissue synthesis depends very largely upon how 

closely the relative proportions of essential amino-acids 1n the 

protein coincide with those required by the body. The-rerore if the 

amino-acid composition of particular protein differs markedly £rom 

the ideal, utilisation will be inef'f icient and optimal growth will 

only occu:r at a much higher intake of the particular protein or 

through supplementation of tha diet with well balanced protein. 

Amino- acid imbalances occor when the percentages of one 

or/ ••• 
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or more of the amino-acids 1n a diet is so low that a decrease in 

protein utilisation occurs in addition to a drop 1n food consump­

tion or an increased need for one or DX)re amino-acids becomes 

evident. 

These ef'tects can be dettk>nstrated 1n growing animals by 

the addition of small qu.ant1 ties of certain amino-acids to the 

diet vmen the animals are on a low protein diet of good biological 

value.. For instance when rats are fed a diet or 6% .fibrin 

supplemenlBd w1 th an amino-acid mixture lacking histidine severe 

growth depression results which 1s corrected by the addition o.r 

htstidine. It 1s possible that imbalances may occur 1n certain 

kwashiorkor producing diets. to:r instance in Central America 

children develop kwash!orkor 1n spite or an adequate intake ot" 

nitrogen and essential all11no•ae1ds apart from lysine 39• Th$ 

addition of lysine and tryptophan to a diet ot earn meal causes 

a marked 1 provement 1n n1 trogen retention 3 9' lto. However this 

issue is by no means settled and soroe of the dif'ferenees of 

opinion lll1.ght be e.x;plained by the i"act that the eompos1 tion or the 

diet varies from country to country whereas the basic syndrome 

produced is remarkably similar. 

BIOCHEMICAL 

Ql!MfGES lll FLUI]2 VQLUMF.S: 

Total body water expressed as a percentage or body 

weight/ ••• 



weight is increas din kwaahiorkor. Values of 80 co pared vith 

62% in nor 1 children are usu.ally round 41, 4-2• Part or the 

increase in body ter is due to an expansion or the extracellular 

fluid compartment. Studies in Mexico revealed a an extracellular 

fluid volume in children with kWashiorkor of ltoo ml./ICg. body 

weight as against 250 ml. in controls 43.. imil ar observations 

were made on adult malnutrition l+4. In adults there 1s alao an 

increase in intracellular "20 lt-7, but the results tor children are 

ratbar oonf licting probably as result or technical problems 46,lJ.7. 

Serum sodium eoncentratio s vary widely in the acute 

staga probably depending on the state ot hydration 48, 1+9, 50. 

There is however evidence of sodium retention during the oedematous 

stage oi' the disease, while lai-ge losses may occur in the diuretic 

phase 5l. 

I.ow serum potassium comentrat1ons are co nly 

encountered in kwaehiorkor and may be respGnsible for some of the 

sudden deaths 52. Total body potassium may be reduced to one third 

o~ normal as de!llOnstr tad in isotopic studies using <r"2) lf7. 

There/ ••• 



There is also evidence fro studies on muscle that intracellular 

potassium is reduced with an increase in sodium 53. This 

9 

alteration in intracellular cation concentrations may have important 

implications as K+ activates many intracellular enzy?J1es which are 

inhibited by Na+. 

Rather indirect estimates suggest that the total rat . 
content of the body may be reduced to 5j0 as compared with 15'. in 

normal infants. The rat content ot the liver is usually increased 

and may account ror 60% of the organs wight. The cause of the 

ratty liver bas not been established but a lack of lipotrophic 

f'actors such as choline · does not appear to be implicated !)1.t.. 

During the acute stage low levels or neutral fat, 

pbospbolipids and cholesterol with a low ratio ot esterified to 

free cholesterol are found 55, 56• Soon after treatment the 

levels increase with a marked elevation 0£ neutTal tat which sub­

sequentl:y returns to normal ''· According to athew and Dean 57 

th1s temporary increase is due to billsation (phanerosi&) o!' tbs 

liver fat as a result or synthesis o.f' Upoprote1n complexes needed 

tor transport or fat. This e!'f'ect often manifests itself' as 

Visible/ •• • 



visible lipaemia (personal observations) . 

Al though tasting blood sugar levels are o£ten low in 

kwashiorkor ;a, this 1s not a constant finding and probably not 

an important cause of death. Slone et al 62 recently rowid 

average fasting blood sugar levels of 51 mg. /100 rnl. . in these 

cases with e. mild degree or glucose intolerance. These ,workers 

postulate that defective gluconeogenesis might be responsible. 

However this cannot, be the sole factor as glycogen stores ar~ 

usually well maintained which would suggest a dei"ect 1n glyao• 

genolysis 1n addition 6o, 61. 

10 

In view of tbe aetiological considerations outlined 

be!'ore, it is only natural that protein and amino~aeid mataboliSnl 

should have been extensively investigated. The main observations 

have been dealt with 1n an extensive review by Waterlow et al 63 • 

Although exact figure are difficult to obtain, there 

is no doubt a large deficit in total bod,y protein When calculated 

i'rom Total Body Solids as a percentage o!' body weight. To describe 

the pattern of protein depletion, Waterlow et al 63 introduced the 

terma/ .. .. 
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Nis:2&Gn_ c2ntent gt Liv r and ·1:H§cle !n 1'!.g,lnom;&ahed 

In(ants in RaJJ!tign to DNA-Pbo.m>horu@ ~NLDN - }. 

N/DlA-P 

Speci ens. 
A. Malnourished • Controls 

Initial Nitrogen 
Content. 

(mg/ } (mg/mg) { of Nor al.) 

utopsy 
81 ~ Liver llO 

Muscle 14-6 271 

A. Bet'ore B. Af'ter Initial Nitrogen 
treatment treatment Content. 

(ing/ ) (mg/ ) ( of Mor 1.) 

Biopsy 
49 83 ;9 Liver 

uscle 237 343 68 

Body weight (, 
68 78 or standard) 53 

ter fixe and bile body proteins. The for are proteins or 
connective tissue and brain le th latter are the intracellular 

proteins and las p oteins. 

!hen the nitrogen contont or liver and muscle is 

expres ed as a ratio to desoxyribon cleic oid (DN ) one can 

appreci~te the magnitude or the def'ieit. me observations along 

these lines are given 1n table I taken fro Tater low et al 63. 

Creatinine/ ••• 
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er ati exo etion is a good index or uacle ass and 

11 rei"lect indirectly changes in uscle mass in protein malnu­

tri ion 61+. Table II aSGd on results of Standard et al 6; 

(kwa~hiorkor) and tearn et al 66 (nor ls) indic te the changes 

occurri on t eatment. Similar r stilts were obtaine by 

l'rr oya e et a1 6?. 

ing r adily accessible, the serum proteins have been 

studied by l ge number or rkers. The in changes observed 

ar a reduction 1n total prot in cone ntration largely due to the 

lo alb in le els. Globulin le ls varied prob bly depending on 

the pres nee of" co-ex:lati.ng infections. 
68 dozien in a carefully conducted lectrophoretic 

study in Ibadan de dditional observ tions. In his series 

albumin and B globulin wre the f actions st aft cted. He also 

points out that «. 2 globulin fractions are signif cantly reduced 

when co pared with normal controls or the same age g.roup. The 

fall in oC. 2 and globulin correlates well ith lo serum copper 
69 70 

and iron binding capacities ' • 

The studies o:f Gitlin et al 7l, Garro and aterlow ?2 

and Purves and nsen 73 indicate that total exchangeable lbumin 

is reduced by at leas ,o. So obs rvations ugg~st a red1stri• 

but1on of the albumin pool tdth a contraction of the extravascular 

co artment/ ••• 



BL'E II. 

Days after 
Creatinine output per 24 hr. 

ubjects admission 
t.o hospital. (mg/e height) (!Dg/kg "'81ght) 

Malnour ishod Less than 20 0.79 9.lt 
infants 

20-39 l.o4 11.8 

4o-,9 1.lf.8 14.3 

More than 6o 1.86 1,.0 

Normal 
infants 

1 Year - - 13. 5' 

2 Years - - 16.3 

co t nt ~' 75, but thes r di s could not be corroborated 

by other workers 7l, 72 , 73. 

URINARY 

URIN I.RY 

An increased excretion or ino, acids 1n the urine or 

13 

patients/ ••• 



.. patients with k sh1orkor was f'ound by several rkers using both 

column chromatographic 76 and p per chro tographic thods77, 78, 79. 

Schendel et al 76 d ribed a generalised m.1.not o1duria 

on admission and regarded this s of renal o.rigi Edozien et e.179 

reed nth this view and also demons ated an incraa ed excretion 

or 'f3 noisobutyric acid and ethanolamln . Cheung 8o 1n an 

earlier stn y found no increase 1n excretion or to o<, amino 

nitrogen but noted bnormal patterns with high isoleuoine to 

leucine an phenylalanine to tyrosine ratio . 

l amino acid studies ere also done by several 

workers 8lt 82, 83, 79, 78. In general there is a reduction in 

total plasma no;-acids atrecting e sent_ial more than non-

ess ntial amino acids. In a recent publication, Bolt et al 8lf. 

de ribad results obtained in a tudy oi' pl sma amino-acids from 

patients th shio kor from 9 dif.farent countries. Rather 

str1 ng results were obtained in that the plas a.minogl'am in 

k s orkor sass ntially the sa e in 11 nine countries irres• 

pect1va of dietary variation nd differed rkedly from the 

nor 1. The reduction in essential amino•aeids s con.fir d but 

1n ddi tion, tyrosine and arginine level ... re lso ell belo 

nor 1. Patients re divided into our groups according to the 

degree of abnor ality in the • This gr ding however did 

otl ••• 



not correlate 'With the clinical severity. Interesting theoretical 

considerations arise out of this study vhich will be referred to 

again. 

Cf!AliGES IN OVERALL NITROGEN MBTABQLISM. 

ION: 

Nitrogen absorption in 1nf'ants with protein nutrition 

is only slightly less efficient than in normal babies when the 

source of protein is lk. In most studies 80-85' of ingested 

nitrogen was absorbed even in severely 111 patients with diarrhoea 

85, 86, 87. en however dietary nitrogen was derived from certain 

vegetables only, such as corn and beans, nitrogen absorption was 

poor 81. 

ra trogen retention was also highly efficient varying 

between 4o-6o or ingested nitrogen 81, 49, 86, 'When cow's lk 

was the source or protein. t 11 levels of intake malnourished 

infants retain more nitrogen than normals 6 , and as tha nitrogen 

defiei t is corrected, retention falls to nor 1 values 86. Even 

in infants who died, there ~1as evidence of a positive nitrogen 

balance 86. It is however important to bear 1n nd the observa­

tions of 111son 88 on protein deplete dogs, where, if protein 

depletion ras continued for a long enough eriod an irrev rsible 

stage/ ••• 
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stage was reached and the dogs could not retain nitrogen - with 

fatal results. 

EFF§Qt QE,C LQRIE IUiAIQ.? ON NIA.BOGEN ytILISATION. 

16 

I1' calorie intake is reduced to below normal requirements, 

nitrogen retention falls B9, 90• Ho'W8ver it also appears that tbe 

high calorie intake relative to nitrogen intake pro1I10tes specific 

changes such as the ratty liver and oedema. In marasmus where both 

calorie and nitrogen intake are low, these changes do not occur. 

Supportive evidence comes from tba eXper1 e ts or Heard 

et al 9l who found that the addition of extra carbohydrate to a 

diet containing 5 protein, produced fatty livers, a tall in plasma 

albumin eoneentrat1on and increased water content ot the skin in 

wanling pigs. This observation might be related to the fact that 

in the tasting rat the feeding of carbohydrate increases the uptake 

of n1 trogen by muscle but. does not prevent losses of nitrogen from 

the liver 92. 

f ROTEIN TURNO C STUDIF. : 
6 

Initial studies by Gitlin et al ?1 and Garrow and 

ater1ow 72 seemed to indicate that there was no d1.f'ference in 

the turnover rate of albumin in the depleted state. In a subse­

quent investigation, using s35 methionine to study the halflife of 

total plasma proteins in dogs and human infants, Garrow 93 

demonstrate<V ••• 
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demonstrated incr se 1,n the l uring the epleted tate. 

mhese ·observ tions re contir by Yuile t al 941n experiment 

w1 th c14 la _ lled ly in in dog • Conclusiv evidence was 

provided b Purves and Hansen 73 in their studies with 1131 

l belled album.in on k asbio kor . The 

doubling of tho halflife dur1 the 

rkers de nstrated a 

te st ge . T ey eould 

de nstr te no intestinal lo or protein by the t hn1qu or 

tl31 labelled lyvinyl pyrroli ona ad concluded that the reduced 

lb • n concent tions re due to deer ed ynthesis of alb n. 

There 1s e ri ent to pport this content on. 

Jeff iinzler 95' studied turnov; r te of albumin, o(. 1, 

r lobulin in r ts on different leve s of protein 

int es. he gher the protein int a the shorter the turnover 

ta of 1 um1 her s ~ lobuli turoo er re t 

arr cted. Th oe. w lobulin turnover rat s re too short 

ener l.y to b accurately eva_luated. 

OF ITROGEN 

he re ults obt ineo 1n erperi ents by Yuile t 

al 94 d Garro 93 could also e interpr tea s in ic ting t t 

ther is re ef!ecti v reutili tlon o amino
1 

cids in th 

epl ted stat • 

0th r vidence sugge t that duri t e dap1eted stat 

he/ ••• 
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the rates of protein synthesis at different site in the body ar 

ltered th parenobymatoua organs such liver receiving 

priority over 1 ss vital ones such as skelet 1 uacla 96, 97, 98. 

e is a co n finding in kwashiorkor. The anaemia 

may be normochromic and normocytic 99, megaloblastic lOO or hypo-

chromic 101• odruft 102 considered the normoeyt1e, n°"mochrom:le 

• variety to be due to protein d-efioienoy per ae. his viev can 

ho r not be er on.sly entert ed as response or t 1e ser 

proteins to t rapy is not accompanied by an equa rise in 

emoglob1n concentration. 

A galo laetic type of anaemia s found by alt lO 

in 1~-20 or c es. It is n er sting to no that this form 

of anaemi is re co n duri the er ntr.s. In his 

e:xpor1ence the severe anaemias are usually of this variety and 

the so infants are prone to develop sooalled 'crisis0 during which 

the hae globin concentrations may drop y 3.J+ g . in 24 hour • 

Tre t nt th folic acid rapidly eor ects the galoblastosi but 

the anae a t respon int same way. elver and Back l03 

in Jamaica found a much re dra tic response to f'olie acid but 

lso drew attention to additional ascorbic cid a icienoies. 

Ascorbic cid pl ys an important part in f'olio acid tabollsm and 

associate ic1enc1es of thi vitamin y responsible for the 

meti es/ ••• 



some spoor response to folic acid. 
101 Tro ll a.rid S1mpk1ss report good response to 

intramuscular iron in their eases but this has not been the 

eXperience of all "WDrkers. 
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It is evident therefor that the anaemi or washiorkor 

may have a complex aetiological background 1nvolv1rig several 

haematin1c principles in addition to the complicating factor of 

infection wbich so frequently is present. 

1 MiYME CHANG •. 

zyme hanges in rel tion to nutritional status have 

recently been siwmarised by Waterlo lo4. th serum enzymes, 

notably pseudo-cholinesterase and panreat1c enzymes are decreased 

in the depleted state . However these enzyme levels return to 

normal rapidly on feeding . The dramatic increases in serum 

proteins and efficient nitrogen retention on refeeding, sugge t 

that the decrease 1n enzyme activities is not a limiting factor 

in protein synthesis. 

Certain changes in tissue enzymes have bean descri bed 
" but the pattern is contusing, both in e:xper1 ntal aninials and 

human beings. In general there ppears to oo little evidence or 
selective preservation or enzymes especially in the liver. Ho -

ever as pointed out by Lehninger l05 and Green 1 6, enzyme activity 

depends on structural integrity of the subcellular components, 

tocbondria/ ••• 
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t LE III. 

49tivitY pf §Q :&Jmne ~ in &PRl?X peeia§n§ tr2m the 

~ver{i gf MalIJPutisbe;d, lntws Before and M~r .n:ea~mnt. 

Bet°ore Arter Enzyme and Units treatment treatment 

I. Cholinesterase Qco2 6.8 8.9 
Dehydrogenases 02 

51f. 12 Laetic 
malic 23'7 17a glutamic 6.5' .4 

Transaminase o 2j§ 280 
Cytochro reductase ~ 31 
Succ.1no::d.dase ~ 21 27 

II. Xanthine oxldase, lee/gm 
2.6 6.9 protein/hr 

D-amino acid oXida:Se, les/g 
15'0 1t32 protein/hr 

Glycollie acid ona:a , pmol a/g 
471 ;06 protein/hr 

DFNil•d hydrogenase, les/gltl 
18.; 1;.t+ prote1n/br 

Ma.lie dehy-drogenase~ nunoles/g 
116 106 protein/hr 

Trans naaa, mmolea/gm protein/hr 82 71 
III. Catalaseb3 ml 0:/mg lf/hr 3.2 1.1+ 

Cbollnea rase un1 ts/ wet 
weight/hr 0.06 0.3 

Alkaline phosphatase pg p/mg t 
ight/br 4.13 2.12 

mitochondria and microsomes and their relationahlp to cofactors. 

Therefore a certain inev rsible stage niay be re ched when the 

functional int-egrity of the cell 1 seriously interfered with after 

prolonged protein depletion. So liver enzyme changes are given 

in T blc III taken from Water low et al 63 page 63. 
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2HAJ1EB II. 
MQ6tIVA;t'.ION AND PRQ,1 . ,:. 

It is evident from th1 brief o tline of the bioohemic l 

disturbane s in kwasbiorkor that one 1 de ling w:1 th a complex 
syndro • The importance of a defici nt intake of f'irst class 
dietary protein see cl arly established. It is also obvious that 
kw sb:torkor not an ide l d l £or the 1nvestig t1on 0£ bio-

chemical changes produced by pure prot in depletion. No doubt the 

variations in clinical and biochendc maJrlf'estations encountered 

in d1f.f rent ar as could deter ed by many factor • 

"The staple diet varies in dirterent parts or the wrl.d 

and e en in ditf'erent parts of the country. This dietary 
pattern is dif'ticult to e aluate a even individual f'antili s may 

show certain preferences. Co-existing de1"1cienci s ot vitamins 

eapeci lly nicotinie cid aad folic cid tna.Y' feet the protein 
depl t d infant adversely and may b mre pronounced 1n so areas. 

The onset of the £ull blown yndro or kwasb1orkor is 
frequently p:recipi tated by an infection develop! in an inf ant 

ll'eady marginally depleted. In outh Afr1c:a gasuo-enter1 tis 

-which 1 prevalent during a is a potent cauae and largely 

xplains the seasonal 1nc1denc-e . In tropical countries parasitic 

inf'ast tions/ •• • 
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infestations might stmilarly alter the course of the disease. 

Although tb&se factors are not norma1ly considered to 

tall w1 thin the realm or the b1ochemiat<t they may be of paramount 

importance 1n dete1'1Din1ng the time period betwen the onset of th 

illness and admission to hospital or ttiedical attendance and 

initiation o:£ therapy. These variations make as sment of' the 

individual case extremely diff'ieuJ.t as no re able indlees of the 

degree of protein d pletion are available. 

In spite of' the complexity of' the aet1olog!~al background 

it was relt that some usef"ul into t1on eould be obtained fro a 

more detailed study of the ser U!Jt proteins as an example ot the 

l bile body proteins. 

In most of the rewrted stadias, the tbods used vere 

rather crude and possessE¥.d 1nsu:rfic1.ent resolving po118r to dei'ine 

the detailed structure of' a complex l!d.xture of' proteins sueh s 

found in bloo-d serum. Ser1a1 studies were perf'orme by a few work rs 

but again the methods did not permit evaluation of' changes in the 

finer fractions or the serum spec-tr . 

The development. by Sm1 thiea 107 or the tarch gel 

electrophoresis technique provided method with high resolving 

powr, allowing several samples to be examine under identical. 

conditions. Although this technique suffers from the disadvantage 

or/ • •• 



or not landing itself raadil.J' to quantitative evaluation, it 

appeared to us suitable for a co arative study of the serial. 
changes occurring during treatment of kwashiorkor. e re 

particularly interested 1n the following proble : • 

23 

The evere reduction 1n serwn albumin 1s quantitatively 
the most striking change in untreated k:washiorkor 51t, 68, 109, no. 
Changes in globulin fr ct1.ons are less lt1811 de:fined. llel~r and 

nt lll and Edoz-1en 68 recorded reduced J3 and ~ 2 globulin 

levels whereas rimshaw no noted an increase 1n cl. 2 globulin 

concentration- It is now r-ecogn1se that each of the conventional 

globulin .fractions consist o£ a large number of sub fractions, 
so of which hav important carrier functions 112. This aspect 

seemed to us important as 11 ttle is lm:Ywn about the priority of 
al\Y of these fraction in the protein depleted state. 

2 .. '.fhe order ond tlB 1~ xhJ.£h nelfly f'otm§d P1'2te1M ve :emdueed 
durins; prgte!n deplet!:Qn; 

Certain studies along these lines :ve been c1e111,ll3,ll~ 

Usually deter nations were performed at long intervals and day to 
day changes on treatment could not be observed. No int'ormation 1 

therefore available as to the rel tive order or restoration ot the 

serum protein pattern and its relationsbip to the turnover rates or 

1nd1 vidual/ ••• 



individual :fractions. 

3. The ti iw.n. for 1an 1xn21rent1x no.:ml P.A1'Wn t2 m 
egt§plished. 

It is wll known that nitrogen retention during the 

initi 1 stages o£ tre tment is higher 1n kwashiorkor than in 

nor infants. The retention gr dually returns to normal levels 
on treat nt but this period of depletion of total body ~otein 

may e as long as 100 daya 73. Most worket"s found a rapid 

increase in arum protein concentration on tr tment. · do not 
1-:> ver know whether this appli s to all fractions or whether so 

tractions y r in reduced in concentration tor long periods or 
t • 

l+. Tm DPwarwe sat: t;ragtign; npt normf!l1v E!Dc.sumtereg during tbe 

c9grse or the 1110,ss. 

Although there is no direct experimental evidence or 

ob ervations on human material to support thia suggestion, the 
lectrophoretograrns of El Gholl:ey' et 1 lll+ obtained during treatment 

showd rather unusual. o(. gl.obulin pattern which returned to normal 

after recovery. The e authors do not co ent on these changes. It 

seemed to us important to obtain · re evidenee on this point in 

order to determin wether, during a state of rapid protein 

depletion, certain incomplete or a nor 1 fractions may be produced 

which could be detected by a sensitive technique. 

,.1 ... 



,. The errect of 1m;m:t1,on and specific ;ther1m: 2n tm1S? Ptrueters. 

Although as outlined before n1 trogen retention is 

etfic~ent even in severely 111 patients no specific information 

on serum protein patterns is available. Some of the children 

admitted in a collapsed state receive steroid therapy while 

others are treated w1 th blood transfusions. The effect of these 

could be studied at the same time. 
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INTijODUCTJ;ON: 

~ARCH GEL ELEctmOfHOfiETIC STUDIES OJi 

P{ASHIOijKOR. 

J:m1HODQJ&9X· 

The technique of starch gel electropooresis was first 

described by Smithies 1n 19$5' lO?, lOB. This thod comprises 

26 

zone eleetrophoresis with a starch gel as the supporting medS.u and 

combines the convenience 01" protein detection by staining 

procedures, with high resolving po r, in many cases superior to 

the moving boundary method of Tiselius 11'. Addition.al advantages 

are:-

a. Adsorption effec ta are minimal. 

b. Boundary anomalies encountered in the ving boundarr technique 

do not occur. 

c. Only icro quantities of serum are required. 

d. Convenient in that se ral samples can be examined in th 

same gel under identical conditions. Serial changes can 

theretore readily be dete<:ted. 

GENERAL ffliltCIP 1, OF TJm METijQD: 

Soluble starch is produced by hydrolysing potato starch 

under/ ••• 
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under rigidly controlled conditions. A starch gel is then prepared 

by beating th desired amount or starch 1n a buf'fer of correct 

composition. The gel vhich fortns is poUl'ed into a suitable tray 

and allowed to cool. Bamples £or analysis are introduced into 

·vertical slits in the _gel at right angles to its long axis. 

Electrical cont.act is made to the ends of the gel with filter paper 

wads, soalrod in suitable buffer vh1eh dip into vessels containing 
l 

the same solution. Filter paper bridges in turn connect these 

vessels to the electrode containing chambers. Current is passed 

through the. gel £or the desired period of time. The gel, attar 

rellk>val rro the tray, 1s then sliced along its length in a bori-

sontal plane and stained 1n a suitable eye. 
Originally electrophoresis was conducted With the gel in 

a horizontal plane ._. fig. 1. This horizontal st ch gel procedure 

su.trered from one serious disadvantage. In order to prevent 

electrodecantation the sample had to be introduced into the slits 

absorbed onto inert supporting substances which lessened the 

resolving power of the technique.. In 19$9 mlthias ll6 described 

an improved technique which enabled aamples to be introduced without 

the aid ot: supporting substances. Electrodecantation was prevented 

by carrying out electrophoresis in vertical plane. 

The tbod used was essentially as described by StDithies 

with/ ••• 



FIG. 1 

ARRANGEMENT OF HORIZONTA L EXPERIMENTAL 

STARCH GEL ELECTROPHORESIS APPARATUS. 

d d 

a. STARCH GEL . 

b SUPPORTING TRAY. 

C FILTER PAPER CONNECTIONS. 

d BUFFER SOLUTIONS. 



with cert 1n minor dii"ications. 

l,ppqaty: 

The ditferent components of the vertical tarch gel 
electrophor is ppar tus wre de from per pex using the 
dimensions specified by Smithies. The part with important 
dimensions are indicated in figs. 2 - 6. 

PJ.a§t+c '+rA:Y: tp 952nta!n the gel • .tig_. 2. 

28 

Thi consists of a flat plastic tray · deep recessed 
at either end to produce a thick layer of gel which would trap 
hydrolytic end products and impurities in th gel in addition to 
providing a big surface for opt electrical contact. Th& tray 
is fitted with re vable endplates hich can ba ecU,lted b7 means 
of screws. 

Wed with slot grmet - fig. 3. 
Thia consists of a flat perspex sheet in thiolmess 

designed to fit the tray exactly. slo:t former is inserted into 
the lid t right angles to the long axis of the tray 4t from the 
one end. The lot rormar was de out of per pex sheet ]132n. 
Each proJect1ng slot former s 3/16" high and i8 wide and separated 
by a gap of 3/16' · • It was so d signed to leave a narrow unbrok) 
strip of gel on either side. The slots shoul.d also not extend 
through the whole thickness o the gel. 

The slicing tray consists or a perspex tray dee~ and 
slightly narrower than the gel tray to ensure a tight tit ot the 
removed gel. 

Qgttipg eyige - fig. 2• 
nu.thies 116 reco ends the use or a dermatome knife 

for cutting the gel 1n half. In our exp:erience gels are easily 
damaged by this procedure as the gel tends to 11 tout of' the 
cutting tray during the process causing irl"egttlari ties of the cut 
surface. A cutting device illustrated in .fig. 7 and cona1st1ng or 
a length of spring-steel 'Wire 5?1000" in diameter supported 1n 
suitable holder or perspex by s of two screws whereby the 
tension can b adjusted gives uniformly satisfactory cut sur.faces. 



FIG. 2. 
GEL TRAY WITH REMOVABLE ENDPLATES. 

FIG. 3. 
LID WITH SLOT FORMER 

6·5' 



FIG.4 
TRAY FOR CUTTING GEL. 

FIG. 5. 
DEVICE USED FOR SLICING GEL . 

C J 
SPRING-STEEL WIRE 

FIG. 6. 
VESSELS FOR BUFFER SOLUTIONS AND ELECTRODES 
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!U,gcsrode yego.ela - t1,g, g. 
These had the dimensions indicated 1n the figut'e. 

E:.12mastes: 
Reversible Ag/ AgCl electrodes wer-e used to m1nimise pH 

changes 1n the buf'f'er during electrophoresis. These -were prepared 
tram sliver wire l ta1111meter in diameter by eleetrol.ysis in a 
solution contain'.1.ng o.; M. NaCl and 0.5' HCl for 2lt hours at 
l+o m. a. Each electrode -waa 20 feet 1n length and rolled i'nto a 
coil. 

The gel was prepared in a round bottom flask of 2 litre 
capacity titted w1th a B34 ground glass jo1nt. A vacuum could be 
applied by means of s~table connections to a vacuum pump. 

REAGEffS. 

§1:Qek bufftp;; ror Pt§PE!rltion gt the get. 

stock buffer -.,as prepared to contain o.; M. H1 BO~ and 
0.2 NaOH per litre keeping the ratio H1.B01 ; NaOH at lo :-'t v/vll2 
'!'his but.fer is diluted to the desired cona:en'tratio ror the pre­
paration 0£ each gel. 

Jk1C¥!l Bytrex: §sr?lia$ton. 
The butter used in the electl-ode compartments were 

prepared to contain 0.3 M H3oo3 and 0.06 M NaOR per 11tre with a 
final pH of 8.1 :! 0.07. 

ffaCJ. 1~ WI• 
For use in the electrode vessel housing the anode. 

HY4r£,~R4 stmb· 
u tarc:h Rydrolysed'1 was obtained from. the Cann.aught 

Laboratories, Toronto, Canada. 

PROCEDUR§/. • .. 
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Before commencing the preparation of the gel .the gel 
tray is assembled by screwing the end plates into posilion. the 
under-surfaoe of the lid is lightly smeared vith mineral oil e:,rcept 
for the slot former and put 1n an oven at 6,0. 

The required alllOunt or starcll ia trans.tarred to the 
flask followed by the addition or the spea1t1ed quantity of 
snitably diluted buffer. The optimal starch and buffer concen­
trations are given for each batch of starch by the manufacturers. 
550 ml. of buffer per gel were used in our apparatua. 

Af'ter proper tnixing of' the starch-buffer mixture, the 
contents of the flask are heated over an open flame with constant 
swirling until Just abort of boiling vhen a .homogeneous almost 
completely transparent solution is obtained. Negative pressUl'e is 
applied through proper connections to a suction pump and the 
contents o£ the flask allowed to boil vigorousl,Y ·ror 1•2 minutes. 
The deaarated gel is then transferred to the gel tray filling the 
latter completely. The preheated cover is carefullY lowered into 
position taking care not to trap any air bubbles between the cover 
and the surface of the gel. The lid is kept in pos1 t1on by means 
or weights on the eo:rners and the gel allowed to cool to room 
temperature. 

ffl§ERTIQN OF. THE ~AMfLES: 
The lid should be removed with great care as the small 

slots . in the gel are easily damaged. As advised by Smithies ll6, 
the Ud should f 1rst be gently freed !'rom the gel on both sides 
~ the slots. By supporting both hands on the underlying bench 
the eover ean then be removed by steady upward pressure avoiding 
sudden jerky ta)Vemente. 

The eXpOsed surface or the gel. 1.s completely covered with 
Paraf'1lm (a waten,roof' plastic material obtained f'rom Lindsay and 
Williams! London) except for an area haJ.r ~n inch on either side 
ot the s ots. 

The samples are introduced into the slots with a £1nely 
drawn out Pasteur pipette taking care not to damage the gel. The 
slots sbould be filled completely so that no air bubbles re-main 
trapped. Admixture of dJ a.cent samples is avoided by the ridgea 

of/ ••• 



FIG. 7. 

EXPERIMENTAL ARRANGEMENT OF VERTICAL 

STARCH GEL · ELECTROPHORESIS APPARATUS. 

d 

--b 

C + 

d e 

a STARCH GEL 

b SUPPORTING TRAY 

C FILTER PAPER CONNECTIONS 

d BORATE BUFFER SOLUTION 

e NaCL 10'/, W/V 
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of gel. for ed t an t lots by the circular saw cuts 1n the 
lid. The s ples and surrounding exposed _.!el are then covered bf 
malted pctrole jelly at appro.ximately 45"' allowing the layer of 
jelly to overlap the edges of parafilm sheet. In this ·way the 
entire surface of the gel is et:tectively sealed oft. After removal 
or the end plates the apparatus is mounted vertically as aho in 
fig. 7 • 

. OWER §UP I.3. AND E~IPAL CONNECTION, : 

•lectropboresis was continued tor 16-18 hours at 
constant voltage using a potential gradient of l+-5 volts/cm. 
length or the gel. This could be achieved at a current of 
l3•llt • a. which increased to 16 m.a. as the gel temperature 
rose slightly during the experiment. 

CUTT+]'G 

t the oo pletlon or t lectrophoretic run the layer 
ot petroleum jelly is gently scraped ay with a spatul • T 
parafilm is asily peeled orr leaving the exposed gel aurra.ee. 
The ends or the gel are trimmed square marking one side of the 
gel tor subsequent identification 0£ the sa ples. The gel ia 
bisected thro h the lino of thG slots to a oid tearing of the 
gel at thi point during re. al and slicing. 

The two half's of the gel are than sliced individually 
in a horizontal plane along the long axis. 

St ining is perfor d tor 2 nutes in a saturated 
solution or Amido ~hwarz ( rcks) 1n at anol: dist ~O: 
Glacial neetic acid ;o : ;o : 10 v/v/v.. tur staining the gal 1s 
decolour1sed f'o:r 6-8 hours in several changes of solvent or 
st ilar composition. 

tained gels were usually photographed as soon as 
possible after decolor1sat1on but y be stored in solvent for 
long periods without deterioration in quality. Photographs were 
taken on Kodak 35 Microph1le film \ti.th tungsten lamp illum1na-
1on. No filters were used. Development s carried out 1n 

Kodak D 76 developer diluted l : 1 fox- 6 minute • essive 

contrast/ ••• 
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contrast should be avoided as printing dUriculties may arise. 
Colour photographs ere taken on Kodachrome rever al daylight r11m 
by available 11ght in the laboratory. 

fEQBLEMS ENCQW1,1ERED WITH TEE DQHNigUE. 

1. E?Q;e§sivel3 !gh yii£Rsitl o£ the ggl~. 

When gels are not properly prepared, they may beco · 

extremely viscous, causing serious d1.ff1ault1es du.ring deaeration 

and subsequent pouring of the gel. s Smithies 117 points out 

this colltpl1cat1on is usually' the sult of 1nsur-ricient heating or 
the gel. Viscosity . asurements 117 during the preparation of gel 

indicate th tat a certain temperature an optimal owv1scoa1ty is 

reached and heating should continue until this stage (fig. 8). 

From practical experience this point is reaehad when the gel 

becomes uniformly transparent just be!'ore actual boiling. 

2 . fogx: esoJ:.nti~n: 
Th proper staeh co centration and molarity of the gel 

buffer should be establi hed by each v,rker although gUidanae is 

given by the manufacturer for eaeh batch or starch. 

he starch concentr tio is selected at which the 

migration distance of B globulin C is approximately 2.5' times that 

of the alov 0( 2 £ract1on.. For ident1£icat1on ~ the .fractions see 

fig. 9. Keeping th& starch a.oneentration eoD8tant, the mlar1ty 

oi' the bor ta buffer is varied until the front and back or the 

albumin/ ••• 



FIG. 9. 
KEY TO THE STARCH GEL ELECTROPK>RETOGRAM 

OF NORMAL HUMAN SERUM PROTEINS 
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1 umin zo e are quall.y s • Under thee conditions opti l . 
r · lution can be exp ct d 11'7. 

Distorted f tterns: 
Distorted patterns 

result of the following errors:1• 

produeed st co nly_as 

< > 4£@ping 2,f, 1r bubbJ,e§ in the ~wle .s;i.ots. 
This y occ~ when air bubbles are introduced at the 

ti of insertion or th sample. Tb same err et will also be 

roduc.ed when the sample slots are not completely s aled. The 

effect produced is de nstra ed in fig. 10. 

3 ... 

(b) eepgge of b fet underneath he covering layer of Qprq!illn. 

The surface of the gel should be co ered efficiently to 

pre ent b fer from the r11 t pap r conn ctions to he top of the 

gel from running in bet en the l d the covering layer. This 

will prod uneven oltage potentials bet en the urface of th 

gel and the deep r larers causing distortion of the l)attern at this 

site (fig. 11}. 

the starch gel technique resol~ s the ae protein 

s ctr into y re co ponents than usually demonstra ed by 

conv ntional £or of zone olectrophoresis, the no nelature used 

to de.fine these - actions had to be revised. ig. 12 shows 

• tarch/ ••• 



FIG. 10 

Distorted gel pattern produced by air bubble in sample slot. 

(Sample No. 7) 
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FIG. 11. 

Distorted gel pattern produced by seepage of buffer underneath the 
covering layer of parafilm. 

(Samples Nos. 6 and 7) 

1 2 3 4 5 6 7 

-~---
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starch gel electrophoretogram of two normal cb.Udren 1-3 and 

J+-7 with next to it a k y to t 1dentif1c tlon of the fractions 

b sed on the wo di nsional exper nts o:f Poul.1k and Sm1th1es112• 

It is evident that certain dit.f'ere ces eXi t tween the patterns 

from the t children esp ci 11 1n the post alb n zone, t 

ptoglobin sone and the frac ion la J.led o<. 2 B glo ulin • By 

this technique g tica1ly etermined ditterences bet en 

the ser proteins or individuals can be d tecte • 

Such ditf'ere e have now en d monstra d 1n the 

haptogloblns 108, trans1"err1 ll8, postalb 116, and c erulo-

P asnin 119, 120• In interpreting t electropboretogr these 

gc etic 01ft r nces st b consid red and it is therefore di:fficult 

to de.fin a • normal p tterri for a particular p rson or to deseri 

deviat ans from the nor 1 unle complete en tic typing is per• 

formed. T iological s1gnif icance or so or these or 

t actions have not been determine and the sign.1f'1cance of ehanges 

cannot evaluated fully from .functional poin or view. 

1 though this tec.hnique h s avant e or high reoolving 

po r, quant1t tive valuation or the separ t d tr tions prasents 

serious p obl s. The princip of certain procedures which have 

been use will be briefly outline . 

1./ . . . 



FIG. 12. 

Starch gel electrophoresis diagrams of the seI.Um proteins from two normal 

children, (SaJll>les 1 - 3 and 4 - 7). 

1 2 3 4 5 6 7 

Albumin 

Post Albumins 

Transferrin 

Haptoglobins 

SlCa.9"lobulin 

~ Globulin 



1. Quaotitatit~ m2asuremant f1lt~t pJ.gtion ot th! m::2te1n ~pm 

tetial §§Q~ion19.t the gel. 

J. 

Protein can be eluted by repeated freezing and thawing 

o!' the unstained gel l08. The protein content 1n aerial sections 

0£ the gel can be measured by suitable method. Thi however 

becomes impractical f:or technical reasons vhen large numbers of 

samples have to 

quantitative. 

analysed. In addition recoveries are ~ot 

2. Den3i1;Qmettt2 221Dll1n1 g,t the stained gel b;z ~i:mwm:t tted light. 

ttlrch gel strips can be de transp ent by immersing 

the stained trip in boiling acetic acid 10 '/v for 30 seconds. 

Photo 0 trie aluations can be perfor din a suitable apparatus 

by supporting t e gel bet en t sheets of' thin it plexiglass l2l. 

3. D9Usil:Q tric ,SC@Ming 9f A p!l?tos:in2h of tqe §tc1n d gel. 

A tracing or the stained gel can also be obtained throngh 

dens1to tric recording of the pattern by scanning or the positive 

image obtained from contact print of the ori inal negative mada on 

photograpb.1.c 1'11:m 122• This technique has been use succes!ully 1n 

agar gel electrophoresis here the pattern is less complex. 

Tho disadvantage of all these procedures, apart from being 

time consuming, is that a hi.ghly co plex r cord is obt ined hich 

becomes extremely dif'ficult to interpret. Minor ar1at1ons in day 

to day technique may atf'ect the tracing and as quantl tat1on depends 

on/ ••• 
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on measuring the areas under the peaks for each traction, absolute 

quantitative sure ent is still not possible. 

It w. e therefore decided to evaluate the serial changes 

by visual inspection ot the stained gals. Where poasibl.e, con 

secut1ve specimens from the same patient were examined in the Salle 

gel whereby day to day changes could readily be observed. An 

arbitrary syste of grading vhereby concentrations or the tractions 

are recorded by numbers e . g. o-4 would be meaningles.s as the 

absolute concentrations at zero time are unkno'Wn • 

Altho h precise quantitative asurements could theref'ore 

not be ade, change in concentrations are readily detected in 

serial studies a d it was felt that st or the in.formation sought 

could be obtained in this way. 

Case material was obtained from patients attending the 

local childrens hospital. atients re a sse clinically and 

graded according to severity m1ldt moderate and severe by 

Dr. P.t. Smythe, :tu11U senior paediatrician to the hospital. 

The main criteria used for clinical evaluation were:-

1. Oedema. 

2. Skin and hair changes. 

3. scle tone and wasting. 

t+-./ ••• 



4. ntal state. 

5. The presence of jaundice which s regarded as a grave 

prognestic algn. 

3, 

6. The presence and severity or co plications such as infections. 

Muscle tone is regarded as an important index. If a 

child is unable to sit on its own the condition is severe. 

Another serious finding 1s the presence of extensive 

nveeping" skin lesions as this poses problems with regard to fluid 

and electrolyte losses. 

s a result o.t shortage of beds all patients could not 

be d.mitte to ho pita!. A high percentage or patients with 

clinically obvious kwashiorkor is treated as outpatients. A 

numb r of specimens from outpatients were examined initially but 

follow up studies in these cases 11ere al.nx>st impossible . It was 

also realised that the examination or a single spec! n of' serum 

yielded very little information. 

st of the cases tudied re therefore inpatients and 

usually severely 111 children often with complications. 

In vie of the genetic ditf rence already . nt1oned, 

the selection or proper controls presen d certain dirticulti a as 

comparison between normals and patient with kwashiorkor are not 

ntirely alid unless full g netie typing or ach patients' serum 

is/ .. . . 



is rfo d. S 

infant in the s 

38 

les ot blood re howev r collected trom normal 

age group admitted for elective surg ry and 

fro patients in convalescent s recover !ng froni att cks of 

acute poliomyelitis. Controls fro adult nor ls re obtained 

fro 1 boratory start and from p tienta admitte to a general 

hospital for elective surgery. In ad 1tion era from a number 

of patients uttering fro d1se a nociat d with ltered ser 

protein patterns such as c1rt"hos1s of the liver and the nephrotic 

syndro re examined. 

fhes contr ls were studied to exclude majoiw dil'.f'erences 

bet n adults and children or d1 tinctive abnormal! ties in 

kwashiorkor as com d to nor 1. It s soon r alise that 

changing patterns or deviations rro the nor 1 re st evaluat d 

b using the recover d phase e ectr pho tic pattern s the normal 

tor each patient. In so doing each patient acted a its own 

control. 

s g ner l r gi , each child s given half strength 

. Darrow's olution and 2. 5 glucose by uth for 21+ hours, follo d 

by half ere ed milk for 2 days; 2., oz. of e h or these 

foods being given daily per lb. of dy weight. Ii 1.xed diet was 

given from the 10th d y. Vitamins an potassium supple nt ere 

added and broad ctr antib~otics to oo b t 1n:f'ect1o s. me 

children/ •• 



children received blood transtusiona, and in ate children 

cortisone s given to counteract a sever state or collapse. the 

effect of intravenous albumin was studied 1n three children .. 

As a routine procedure blood cultures, stool cultures and 

tuberculin reactions were perfor ed on all children. ere 

indicated -ray examination of the 1Wl8S was perf'ormed. 

On the y of admission or first attendance to the 

outpatient Department, a specimen or venous blood was collected 

from vhich an aliquot was taken fol' routine biochemical analysis 

and blood culture. The serum o the remainder or the speci n 
was immediately separated by centrifugation and stored t 4° C until 

it could b studied. ubsequent spec ens re collected daily or 

on alternate days from el or tir..ger ~1c until no further 

changes in the electropboretic patterns ~re evident. All samples 

were examined peetroscopieally for emoly is hich s recorded. 

Gro sly ha lysed samples ware discarded. In three c sea oedema 

fluid from the root s collected for investigation • 

. lbumin-globulin ratios could not be determined on t 

small samples of blood obtained rrom finger or heel pricks but 

here possible total protein concentrations re e ur d by the 

bi uret ethod 123. 



B,ESULTS OF STAflCH GEL EL§q,TROPHORETIC 

§TI!PlE,S QN fAtmfI§ WITH K}fA§HlORKOR. 



Patient 

H.A. 

M. n . 

E.D. 

M.B. 

T.\~. 

D.E. 

D.G. 

K.A. 

W.K. 

W.de .• v. 

M.A. 

s 

!Q. 
-i: 

g 
2 

!t.. 
12 

1, 
12 

2 

1 

1!.2. 
12 

8 -12 

C 

C 

C 

N 

C 

... 

4-o I 

T.tU.1.UCJ ... ,.. 

of main e11n1cal and biochemical i'ind:l.!l,gs in cases of kwash1orkor studi 

:x er1 

lld ......... 

e 

n 

n 

F 

n 

F 

r. avere 

Stool cuJ.ture. 
Blood culture. 

Tuberculin. 

Culturos -ve 

'fl 

11 

tt 

n fl' 

ti 

ts u 

u n 

n t 

~rpes Stomati ti 
nella,Stool 

Hb 
100 

ml. 

10 

10 

8 

0 

7 

8 

., 

.4 

3.5 

7.3 

6.8 

11.4 

12 

16. 

L. 

rum Chemistry. 

Total 
··rote1 

3.; 

4.3 

3.28 

3.7 

4 

l+-. 66 

3.78 

3.; 

2.76 

3.68 

3.97 

(g ./100 ml.) 

lbum.1· I ,;:tobuli 

2.0 

G.•8 

1.56 

1.7 

.1 

2.0 

.2.o4 

1.66 

1.16 

1.68 

1.92 

le5 

1.5 

1.72 

2.0 

1.9 

2.6 

1.?4 

1. 

1.60 

2.00 

2.05 

Remarks. 

omplicated recovery. 

eventful recovery. Received I.v. 
lbU1?f1n. 

Unevantttil recovery. 

tornur clinical course. Persiatant 
,adema. Received cortisone to 
·,mbat state of collapse. 

Uneventful recovery. 

Relapsed case. Cerebral atrophy. 
1t onto oaize diet after normal 
::ittern had been established. 

:ieventf'ul. speedy recovery. 

Uncventrul recovery apart fro 
.febrile episode. Received r. V. 

lbum:tn. 

Good response to treatment. Persir­
tant anaemia with megaloblastic 

nomarrow. 

rtisone treament. Dramatic 
recovery. 

Uneventful recovery • 

M.K., • • • 



11-1, 

istry. 
Inf,ec t~<m• 

lb 
Patient I .. ff.t.je I , :1.c I ,ex I Severity I Stool culture. g/10 

f .. - I (g./100 ml) __ j Remurk .... 
Blood culture. \,UJgS/ r:ears ml.· lOOm) Tuberculin. ure;-r, ;;;f;in Albumin Globuli 

I 5' I I I Severe I ilood Culture +ve I 6 • .5 1.00 2.72 I sa tisfaetory response to treatment. M.K. 'I F I 9.a 3. 12 . ., 
tool Culture +vi 

G.J .• I ., -!... I .. I M I n I ;ulture -ve 11., 7.9 3.88 1.98 1.90 Slo,1 response cl1n1ca.lly with L J 

12 i'ebrile episodes. r.v. cortisone. 

A.N., ,~ I i I M I u I ,tool Culture +ve 111.0 I 8~5 ~.68 1.91+ 1.?4 Developed kwashiorkor after 
12 I measles .. Continuous pyrox.1.a. P_ied 

I or .septicaemia. 

:.;,.A. I ... -'-
.l.12 I " J I F I ~puri I .ulture -ve I J.o 111+~? ... 15 1.49 2.66 Clinical response satisfactory. 

Resistant anaemia e magaloblastic 
bonemarrow. 

: 
F.s. I 2...:1- I " I F I .. ·evere I itapb. Aureus I 'S.a 16 1 -~-32 1.74 1.58 Fluctuating clinical course ~ · J 

12 neumonia pyrexia. Recovered. 

C,.A. I I 0 I F I ft I ,ultura -ve I ) .. 5' 110 : I ... 34 1.89 2.4, I Cerebral atrophy • . Persistent 
neumon1a oedema. Poor clinieal .response. 

Received blood transfnoion. 
Recovered. 

O.A. I I I I tt I ulture •Ve I I I ~.5 I 1.8 I 1.7 I Satisfactory clinical response. 
Received I.V • .Albumin. 

. ..., . , -. 
I 

J I 
F I tt I .• typ111- I ~ I I hl+ ·- - Mara.smic kwashiorkor. Received 

12 :nt'i n~11-st.nn 1 blood transfusion. Died 1+8 hrs. 
after admission. 

D.M. I I C I J.: I n I ulture -ve I 7. '5 113.8 I 3.10 I .L.,7 I 1.;3 I Jaundiced. Sudden deterioration I 

on 3rd day. Died. 

n.K. 13 l C I l! I It I I ~ I - I 2.a I ·- ! - I Received blood transfusion. 
.q,ec te dly on 3rd da.v af 
tial improvement. 

N = native. 

= Cape Coloured. 



-case . Materiai: 

The main clinical and b1ochemic 1 findings ot the patients 

on admis ion to hospital are given in table IV. It is evident that 

most o.r the cases ware severely Ul as judged clinically. Certain 

observations may be made t t.bi.s stage. 

Most of' the patients were anaemic nth an average 

hae:moglobin value of 8.3 g. /100 ml. The low blood urea values 

observed by previous workers ar confirmed in the present study 

where the concentrations were mostly below 1, mga ./100 
, 

§et.WP frgtetn JaJ.ms sin. Adm1sg19a: 

• 

The serum protein concentrations on admission are given 

in ~ble V and represent the average value obtained in 27 patients 

studied by starch gel electrophoresis on at least one occasion. 

These are · compared w1 th values obtained in d1£.1'erent parts of the 

world. The values after recovery represent the average or eleven 

patients be.fore discharge from ho pital. The serum protein 

oncentrat1ons in the cases or recovered kwa hiork:or al!oost 

certainly do not represent the an concentr tion for the popula­

tion group as marginal protein deficiency ust be exceedingly 

common 1n an area with such ·a · high incidence or kwashiorkor . These 

\ values should r ther be regarded as the an theoretical normal on 

an adequate di t . 

LF/ •.• 
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erwq pr9tein 2oncans:At!2rua in cases pf untreated 

Jg,a§p.iotJ&pr ~n.fYzf(erant part§ or the )IOl"lg 

ggm~i.£ed 1a;th n2rmal§ Qt :esQveted inf'antia 

oteins. g ./100 ml. 

Country. Nutritional State. Total 
Proteui. Albumin. Globulin. 

Guetemala 121+ Berore Treatment 4.8? 2. 09 2. 78 

Jamaica 111 Before Treatment 4.6 1.8 2. 8 

est Africa 4-9 Before Treatment t+. 28 1.; 2.78 

xico l25 Before Treatment lt.36 1. 6+ 2. 72 

Egypt ll'+ Before Tre nt 3. 92 1.42 2 . ,0 

N Guinea 113 Before Treatment 4.20 1. 16 3.:o4 

Cape Tow, • .A. Before Trea nt 
(present author) 

3. 8 1.7 2.1 

Guatemala Normal 7.31 4 . 11 3.20 

Jamaica Norm.al 7.0 3.1 3.9 

Jamaica Attar Treat nt 7.3 3.5 3.8 

st Af'rica After Treat nt 7.ol+ 3.2, 3.79 

:xico Normal 6.87 3.62 3.al+ 

Egypt Af'ter tre tment 6.80 3. 08 3.72 

Cape Tovn, '.A. After treatment 7.11 lt-.27 2.8'+ 
(present author} 

The/••• 



The tind1ng or slightly lower total serum protein values 

on admission in the present series of cases can probably be 

explained by the ra.ct that these form a selected group representing 

mostly the severely 111 infants. Tbe total globulin concentrations 

are lowr both in the untreated cases and after recovery than the 

values f'ound in other parts of the world while albumin levels atter 

recovery are higher in the present series. The d1£terences 

probably ref'lect the lower 1~1dence or chronic parasitic infesta­

tions in this area. 

§3:Al}CH GEL ELECTROPHORE IS RESULTS. 

Some or the results presented here have already been 
126 

published in the form ot preliminary communication • 

<a> §lm;tro12bQt§tis; PAlttm 10 1mmal sbAdren. 

The electrophol'etic patterns of seven normal children 

are shown in f'ig. 13. It will be noted that significant ditterenoea 

are present in the "haptoglobin area" or the samples which are 

determined by the genetic type to which the 1nd1vidua1s belong. 

The absence of aey fractions in this area in specimens no. l and 

7 indicate that these belong to the group Hp. l•l. The double 

band in the · transterrin area (labelled J3 globulin C) indicates a 

genetic variant or this f'ract1on in sample no. ?.. Comparisons 

between normals and abnormals should take these variations into 

account/ ••• 



FIG. 13. 

Starch gel electrophoresis diagrams of the serum proteins from seven 
nonna.1 children. 

1 2 3 4 5 6 7 
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account and co llcations may arise in the untreated case where 

some fractions are educed to a degr e where accurate genetic 

typing becomes almost impoasi le . .As pointed out before differences 

are best evaluated by comparing the aeute stage pattern w:1 tb that 

obtained after recovery. 

(b) §tarch gel e]&s;tmp!),Qretig. patt rn in qntreated kt@.shiorimr. 

ig. 14 demonstrates the di.fforene s bet en a case or 

s vere untreated kw shiorkor {patient MK. , tabl. IV} and patients 

after recovery, 

It is evi ent t 

here sample no. 4- representea the untreated patient. 

t all the fractions 1 luding 'l, globulin are 

m.arke ly reduced. Especially striking is the complete absence of 

de nstrable haptoglob1ns and virtual absence of p globulin C 

in this patient. These fractions returned rapidly attar initiation 

o trea nt proving that the initial absence on starch gel 

electrophoresis was not genetic lly deterIIlined. 

The pattern in untreated ash.1.orkor showed quite marked 

variations in different p t1ents. These diff rences affected 

certain fractions more than others. or instance in some cases 

albumin was arkedly reduced while the haptoglob1ns and ft, globulin 

C \lere pr sent 1n rel tivi ly higher concentrations. d globulin 

concentrations v ried widely as judged y the intensity- of 

staining in this area. These variations ill be discussed again 

when serial changes on trea nt are de onstrat d. Speai n no . 2 

represents sa ple of serum from patient .N. (table IV) collected 

one/ ••• 



FIG. 14. 

Starch gel electrophoresis diagrams of the serum proteins from six treated 

patients compared with one untreated patient suffering from kwashiorkor. 

(Sample No. 4) 

1 2 3 4 5 6 7 



one day be£ore death and will be rer rred to again. 

Day to day changes in the elec trophoretie patterns 

likewise sho d a lack or uniformity. Representative example 

W'lll be demonstr at in the following photographs. of starch gel 

electrophoretogr s obtained on ser from different patients. 

In fig. 15a, b, the changes 1n the electrophoretogram 

which developed during treat ent or a moderately severe case or 

kwashiorkor (T.w. tabl IV) ar de nstrat d. On the day o~ 

admission albumin globulin c anu o(.. 2 - B globulin A are 

s1gn11'1cantl.y reduce while baptoglobins are just detectable in 

t stained g 1. It will be noticed that the post albumin tractions 

are clearly shown on the day of ad.mi s1on. On the third day after 

admission cbang a are lready evident in the albumin, globulin c 

and c{ 2 B globulin A. Haptoglobin fractions appear rather dramati­

c ly on the 6th day. The last t\vO samples represent the patter 

obtained on oede fluid fro the root collected on alternate days. 

The in fractions present appear to be albumin, globUliny c, °' 

2 globu11n and o globnlin. Total protein concentr tions o~ the 

oede fluid were o.46 and o. 5' g . /100 ml. respectively. 

Serial daily changes are presented in f'1g . l5'b. It 1.s 

clear that by the 10th day after a" salon the electrophoretogram 

has practically returned to· nor l in that all the .fractions 

nor llY/ ••• 
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nor ll.y expected are vi ible. otal serum prot in concentrations 

increased f om~ g./100 1. to 6.g./100 ml. during this period. 

This patient de:nonstr te the order and rate at hich 

changes occur in the serum proteins or clinic lly derately 

severe c e of kwash1orkor responding rap1 ly to treatment. 

PRQTEINS RETURN TO WR!§lt• 

It a already been noted that the concentration 0£ 

ptoglobins in untr ted eases of kwashiorkor is markedly decreased. 

In st p tients who de an unaventrul recovery aft r initiation 

of treat ent, the concentration of these fractions inc eas d 

rapid1y and or tieally 1n parallel th the changes 1n albumin 

an globuJ.in C ( transf'errin). In so eases nte--resting 

variations on this theme were observed. 

In tw patient e haptog1obins failed to return to 

nor l concentrations long after an otherw:1 e apparently normal 

pattern bad been est blishad. Both these p tients, W.K. and o.A., 

( t ble IV) re sev r cases or ahiorkor clinically classified 

as o£ tho a mie type. ddit1onal fin or great interest 

wa the pr sence of a resi tant anaem1 associated with a galo­

blastic bonemarrow. he electropboretic p tterns obt ined on 

samplea/ ••• 
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samples coll c:ted dally from s. • f'or 13 days tar admission to 

hospital are wn 1 fig. 16, b. 

T gener lly depleted pattern on the day of' admission 

1 evident th the except1 n of 6 globulin which is present 

in high concentr tion. The la t sample in fig . l6a represents 

oe e fluid fro this patient. The dr tic improve nt in the 

attern e n fro the tbird day onwards is vident with albumin, 

l3 globulin c and e< 2 B globulin A ing the st prominent. It 

c n lso e oeen that haptoglobin .fractions beeo clearly visible 

on the 6th day but have di app ared completely y the eighth day 

atter ssion. Thes fractions did not return to -rormal eoncen-

tr t!ons for period of t months as c n be seen from the 

electrophoretie pattern obtained on ple or serum collected 

t months after admission to hospital (fig . 1~ ple 7) . 

Interesting changes r - so ob erved in the lipoprotein fr ction 

a.rked T. There 1s a derini te 1ncre e in concen a tion by the 

uth day re ching aximum by the seventh day with a subsequent 

gr dual decreas in concentr tion. This ncre sed concentration 

of B 11Poprote1n corresponds tot period of lipid mob1l1 tion 

( p e sis) trom the liver d se i ed by ~thew and ean 57 d is 

evid nt visible 1p e during this per1o • The total serum 

protein concentr tion in this patient inere ad from 4.1, g/100 ml. 

on th day oi' adtnission to 7. 13 g. /100 • on the fourteenth day 

after ad.mis~i • P tient ·•• sho d a very s1 lar course of 

events/ • • • 



FIG. 17 

Serial starch gel electrophoresis diagrams of the serum proteins 
patient W. K. , three weeksafter initiation of treatment. 



event • mple .no. 1 in rig. l~ represents the pattern obtained 
. 

three 11JOnths after in! tiation of treat nt 1n this patient. The 

pattern at this time is normal with haptoglobins present in the 

expected concentrations. It can be seen f'rom fig. 17 which 

represents the ily pattern in •• during a period, three weeks. 

after initiation ot treatment that the haptoglobins at that time 

are hardly visible in an otherwise normal pattern. 

SERIAL SERUM fijOTEPf QHA!!GE Dl g §E COMPLICA,TEp 

BY A ST TE QF CQLL SE AND CORTISONE THER/\fX• 

Fig. 18a, b,. c demonstrate the ~erial changes in the 

serum proteins of patient hB. ho was judged to be only a 

moderately severe case or kwashiork.or on admission. This patients• 

r covery as co licated by the development or an unexplained state 

of collapse, 24 hours after admission, requiring hydrocortisone 

therapy and tube feeding. Cortisone treat nt was continued until 

the 10th day arter admission. 

It can be seen from f 1g. 18a that the pattern on 

dmission was derately depleted with both haptoglobins and j3 

globulin C clearly detectable. There 1s however deterioration 

in the pattern during this 10 day period with fluctuating pto­

globin levels. From th.a 13th day onward there is a dr atic 

increase in st :fractions except for the haptoglobin.s which 

temporaril.y disappear (fig. 18b}. 

Fig./ ••• 
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PIG. 18 c. 
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Fig. 18c de nstrates th pattern after a further period 

of time. The striking feature again is the fluctuating levels or 

the haptoglobin zones in an otherwise fully recovered protein 

spectrum. 

IHE DEVELOP~ OF, UNUSUAL DURING TREATMENT 

OF K\ ASHIQRKOR. 

1g. 19 represents seri l electrophoretogra on serum 

of patient •• , (Table IV} a severe case of shiorkor developing 

after an attack or measles. This p tient remained febrile 

throughout h1 stay in hosp1 t l and died 26 d ys after admission. 

Autopsy findings reveaL d a septicaemia. It can be seen that there 

is again dra tic 1 provement in the p ttern of this patient 

(genetic type Hp. 1-1) in spite of his febrile illness. 

salient feature is the presence or rather broad zone just ahead 

of J3 globulin C and marked X in the photograph, corresponding 

in position to the haptoglobin zone of this genetic ty-pe. This 

fr et1on increases durir,.g the :first rew d s or treatment but 

subseq ently decre ses while J3 globulin C hows a conconuuittant 

1ncrea e. In the sample of serum obtained one d y before death 

(25 days after dmissio) this ual zone is again present in 

high concentration. 

~-·· 
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The effect of' substituting the high protein milk diet 

with a diet consisting lll:>stl.y of carbohydrate and maize protein s 

studied 1n one patient. (This patient (D. E. ) represented a case 

o! relapsed kwashiorkor with ental retardation and cerebral 

at_rophy. After receiving the ordinary high protein milk diet tor 

25 days, the infant was given a diet consisting stly of carbohy­

drate and maize with no lk. Fig. 20 shows the serum protein 

pattern after 25 days on the mi diet {.first four s plea) while 

sa ples 5-8 represent the pattern after approxi tely 40 days on a 

maize diet. The total protein concentration after 25 days was 

? . 14 g/100 ml. with al umin q..4; g/1 • After a period of 

q.O days on the aize diet, the total p otein concentration had 

d creased to 6. 6 g/100 1. 

It can be en that th p globins and transterrin 

( globulin C) zones are marke ly reduced in concentr tion as 

judged by the intensity of' st 1n1ng of these fractions. Unfortu­

nately albumin concentrations could not be determined du.ring this 

second period and the quantitative reduction of albnmin could 

therefore not be evaluated. In view of the f'act that the total 

protein concentration was reduced by o. 5 g/100 ml. o can assume 

tat too albumin level was also· lower . ver the globulins 

entioned/ _. •• 



p Ll-. 20. 

Starch gel electrophoresis diagrams of the serum proteins from patient D.E. 

a) After 25 days on a high protein diet. 

b) After 40 days on a diet consisting of maize only. 

(a) (b) 
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mentioned appeared to be relatively more effected during this time. 

the efi'°e9t 9!,1ns'QV6JlOBfi alb!Jmn and plaa 

v1nst:usions 2n the elect;:ophoretic . pa;ttern. 

The ei'f"ect of an intravenous i~us1on of albumin on the 

serum protein pattern in kwashior or s studied in three 

patients. Fig. 21 represents the serum protein changes in patient 

M.H., a ld case or sbiorkor. '5 Grams of albumin was given 

intravenously at 10 a. m. between s ples 2 an 3 which were 

collected at 9 a.m. and 2.30 p.m. respectively, on the same day. 

The only definite observation that can be det is an increase in 

albumin eoncentra.tion between the two specimens. Marked changes do 

occur rro the third day onwards in tho albumin and tranaferrin 

zones. The value of these experiments is however li ited by the 

tact that these patients inadvertently received milk as wll during 

th! period. No conclusions ean therefore be drawn as to the 

effect or a single injection of albumin on the serum protein 

pattern as a whole as the contribution of ·1eta4Y protein to the 

changes observed, is probably highly significant. This experiment 

waa conducted in order to determine whether the inrusion ot an 

intact homogeneous protei n could act as a readily ava11able source 

of am1no,-acids for the synthesi of o her serum proteins or hether 

the intact molecule would be retained 1n circulation and only 

provide T!li ,acids durin,e the process o normal catabol1sm deter­

mined by the half'lif"e of the molecules. 



FIG. 21. 

Starch gel electrophoresis diagrams of the serum proteins from patient 

M. M. who received I.V. albumin betvreen samples 2 - 3. 

1 2 3 4 5 6 7 
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DISCU §ION. 

o attempt baa been de during this study to evaluate 

the statistical incidence or different ypes of patterns in 

untreated kwashiorkor or to corr llate these with the clinical 

severity or tho case. As al.re dy t essed, these patients studied 

here form a rather selected group with a predominance of severe 

cases. Cert in observ tions and conclusions can however be made. 

gel elestrqphoretic p ttern in untreated kwa§bJ.QtlrQr: 

n general, the observ. tions of earlier rkers on the 

serum protei s 1n shiorko have be n onfir ed. Albumin and 

B globulin c ( transrerrin) concentrations ere unitor- ly and 

severely reducod. The finding or lo· serum iron inding c paci ty 

inc ses or untreated kwashiorkor s upported by the present starch 

gel investigations. The present studies ho ver revealed that the 

ptoglobin levels in untr ated kwashio kor were also kedly 

reduce or even absent on starch gel electrophoretograms. Certain 

fractions notably (l globulin the postalbumins and the D(. 2 

macroglobulin (S o<. 2 fraction) appeared to be intained even in 

severely 111 patients. These fractions y ther fore receive a 

certain priority during protein synthesis 1n the depleted st te or 

are nt ined by a much more slowed down cat belie rate. However 

t e/ ••• 



the lack or knowledge regarding the precise biological function of 

some of the finer fractions in the serum proteins preclude any 

speculat1ons as to the signifieanoe or these observations. However 

1t 1s possibly fair to say that the reduced albumin concentrations 

may be no re spec1t1e finding than cb.ang sin transferrin or 

haptoglobln le is. As albumin accounts 'for more thnn ;o or the 

total serum proteins normally, it is quantitatively the most 

striking change. 

It is evident that the exact pattern uring the depleted 

s te, hich shows marked variation from atient to patient, does 

not serve s prognostic guide in the individual case. The 

clinical and biochemical response in the two patients S.A. and. w. K., 

(table IV) both severe cases or shiorkor or the marasm1c type 

indicated that a grossly depleted serum pattern can be associated 

with a dramatic response to treat nt. In another case M.B. 

judged to be o£ only moderate se erity clinically and in whom the 

. arum protein pattern was less depleted than in tho above mentioned 

cases, the clinical and bioc emical response was initia1ly 

unsatis.f'actory. Thi patient • recovery as complicated by an 

unexplai d tate or collapse r quiring steroid therapy. 

The rate and order of" res ovary 2f the protoin;i: 

In spite o:t the ecrease in dige tie enzymes, the rate 

at which t serum protein concentration is r stored to normal 

.remains/ ••• 



remains phenomenal. Obvious c es can often be detected in the 

starch gel elactrophoretograms as early as three days atter 

ini tintion of' treat ant td th the 1 changes occurring between 

the .fifth and tenth days 1n uncomplicated cases. 

These observation& tend to rule out decreases in enzyme 

concentrations as rate llmi ting facto~s during protein synthesis 

in this condition. Tho poss! ty that d cienciGa of certain 

vital cofactor y be unmasked during this state 0£ accelerated 

tabolism cannot be exclude and indeed see l.nbst cer tain in 

the c e of hae lobin formation. 

I n fig . 22 the total protein and albumin concentrations 

or thr e patients at dli"ferent intervals ter tre tment are shown. 

1'her is sually sl ght drop n thG protein levels on the second 

and third day after admission hich can prob bly be explained on 

the basis of rehydr tion or the intrava cul compartment during 

this perio • Fro the third day on i ds both the total protein 

d lbumin v lues incre e dramatically. It 1 evident that tbe 

increa e in alb n 1 vela eems to lag behind the total protein 

concentration after the initial per o of" a id res nse. In 

p tient . B. the tot pro in c centra io shows fluctuating 

levels duri this initial period n the state or peripheral 

c i rcul tory collapse pers sted It could be su.gg sted 

that during this period albumin y serve s a source of labile 

protein utilised for body protein synt sis. e upport f"or 

this/ ••• 
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this !Wpothesis co a from the avid nee of 1ncrea e turnover rates 

or albumin during this st.age in kwashiorkor _ 73 and 1n experimental 

animals 95. It is also eVident that the restoration of the total 

serum protein and aibumin concentrations to normal values is not 

an index of total body protein repl tion. In the Jority ot the 
-

present patients, serum protein concentrations revealed nor l 

levels 20-30 days after initiation or treatment whereas total body" 

protein repletion takes approximately three nths ?3. Similar 

observations were made by Senecal in Franch est Africa 1+9. 

It is evident f'ro the sult presented that the order 
) 

1n which individual serwn proteins are restored to n~rmal 

concentr ons varies f'rom case to ease. In uncomplicated cases 

increas sin albumin, globulin C and the haptoglobins seem to 

parallel one another . llo'Wl:lver in a i.1.1.u,IP,l'Cr or p tients interesting 

variation were noted. These -af~epted p:redominantly the haptoglobin 

fractions. 

Th term baptoglobin as intr-oducod by Polonovski and 

J'ayle 127 in describing an o<. ·2 globuJ.in i'rapt1on which reacted . 

etoichimatrica.lly with haemoglobin to for a stable complex. 
" . 

These proteins are today regarded as speci .ie haeJJ;JOglobin earrie~s · 

and hen haemoglobin is 1njee e intravenously it combines 

immediately/ .... 
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1 diately with available bapto 1 bin af'ter wbich the complex as 

whole ip eliminated t a constant rate of 0.3.0.8 g/hour fro 

the blood stre • The available evi nee sugge ts that the hapto-

globins consumed uring this proce c nnot be reutiUsed as the 

haptoglob1n concentration does not ecover 1 ta original level befor-e 

5-7 days after an injection of haemog1obin 128. Reduced hapto-

lobin levels or even the bsenca or demonstrable haptoglobins is 

an extremely sensitive index of increased haemoglobin catabolism 

not only as r sult of intravascul r hae lysis b t also when 

rd cells are destroyed extravascularly sin hereditary 

spherocytosis 129• According to Nyman et al l30 a decreased hapto­

globin level above all suggests incr ased haptoglobin consumption 

due to intra or extr vaooular haemolysis or even soca.lled increas d 

intramedul a y haemoglobin turnover ( nef£eetive erythropoiesis). 

ubnorr-1al values are rarely seen in chronic ll er disease and in 

so miscelaneous conditions such as infectiou1 nonu.claosis. 

Ho ver in many of such eas s there s evidence or increased 

emoglobin turnover as evide ed by the incre sed serum carbon 

noxide levels d rived from tho OC. thene bridge of the 

po hyrin nucleus ·then the ring is op ned. 

The observ tion o:t markedly reduced or absent haptoglobin 

concentrations in the patients ,r.lth shiorkor raised interesting 

possibilities. The low or absent baptoglobins in the untreated 

cases y possibly be explained on the basis or a general depress~on 

in/ ••• 



1n serum protein synthesis during the depleted state but no 

information on thf.s point is available . lio-wever the failure or 
the haptoglobin concentrations to return to normal levels or the 

persistent absence of these flaactions in certain cases even after 

prolonged treatment certainly suggest a dif!'erent mechanism as 

other evidence of aevel."e chronic liver dyaf'unct1on is lacking in 

these eases. The adequate synthetic mechanisms for producing 

albu:rain and transferrin, both proteins lmoltlll to be produced by the 

liver strengthen this contention. The high incidence- of megalo­

blastie anaemia in kwashiorkor and the association betwen persis­

tent anhaptoglobnl :tnasmia in the tw cases of resistant anaemia 

w1 th megaloblastos1s (w.x. and s.A. ) in the pre.aent series of 

cases strong]¥ suggest a haennlyt!e mechanism in some 0£ these 

patients. The aocalled ncr1&1.S° described by Walt lOO during which 

the haemoglobin may drop by 3.J+. g. /100 .in1. within 21+ hc>ttrs turther 

supports this hypothesis. Temporary t"luctuations 1n baptoglob1n. 

levels were observed in several add! tional patients in the present 

series aa exempllfied bY case M.B. f'tg . 18b. An interesting 

observation is the taet that c-onve.ntional signs of' haemlysis 

such as increased retieuloeyte eounts were absent in the cases 

where tbaae were looked tor. This however does not e:mlud& 

increased haemoglobin catabol1am 01' the type descl'ibe-d as 

0 def"ective erythropoies1s'' by Nyman et a1130. More sensitive 

indices such as blood e~bon mo.nonde levels may haw to be used 

w ... 
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to dea,nstrate this degree ot haeJJX>lysis. 

The observation that the megalob1astic response 1s often 

evoked by the initiation of' treatment and apparent eure may be the 

result ot a conditioned deficiency or follc acid or associated 
' 

cofactors during this stage or active nucleic acid and protein 

synthesis. The importance of folic acid not only in haemoglobin 

synthesis but in intermadiate etabolism generally during the 

transfer or methyl groups suggests that expel'iments designed to 

investigate folie acid metabolism in this state could yi_eld vitally­

important information. 

The demonstration ot a zone of unusual 1ntens1t7 which 

was present in ease A.N. tig . 19 is of soioo interest. This 

traction appeared in the position of the haptoglobins of genetic 

type Hp. 1- 1 . Although tba identity of this fraction could not be 

identified with absolute certainty it behaved as a haptoglobin 

since when hae1DOglobin was added to a sample or serum rrom this 

patient it travelled to exactly the same position. 

The results o:f Nosslln and Nyman 129 suggest that the 

presence or associated tissue injury or inflammatory changes even 

in patients with increased haemoglobin catabolism restores the 

haptoglobin levels to normal al.1!k>st immedi tely. Patient A. N. was 

tebrile throughout his illness and died of septicaemia whioh could 

be the basis for this increased haptoglobin concentration. This 

is a rather unusual state o:f affairs as it appears as if tissue 
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injuey- is roore et'fective st1mulant to baptoglobin synthesis than 

increased hae globin catabollsm unless the binding sites on 

haptoglobin ror haemoglobin a?'e atteeted by the disease process 

preventing the haemoglobin-haptoglobin coniplex from forming and so 

decreasing the consumption of the latter. 

This p tient A.N. so demonstrates that in spite of 

a severe infeet1on a dramatic improvamen.t in the serum. p otein 

concentrations occurred. During the in.1 t1al 12 day period the 

total serum protein concentration incre sea from 3.7 g. /100 ml. 

to ,.8 g. /100 ml. 

Ihe cbJ!m.es 2gem:r1pg 1n the wwn m;:ota,-n~ or a. 1n~tient on g 

rnaize diet. 

The orde.r or serum proti31n depletion appears to be very 

similar to e or er of repletion during treatment of kvashiorkor . 

It is evident from the electropboretogra of patient D.E. (:fig. 20) 

in w.hom a maiz diet was in t:1 tuted a:fter the serum protein pattern 

had been restored to normal that the decreases in concentration 

effect .mostly -the trana.f'errin, haptoglobin and o<. 2 B globulin A 

tractions vith possibly the lbumin which is nx,re dif'.ficult to 

assess. 

f£2tn1ne Q£ Y¥! oesem.a fJ.sdi 

The total protein concentr tion or the o dema fluid in 

those patients where this was exa d varied between o.45-0. 5' 

g . /100 ml./ •• . 



g./100 ml. The electropboretic studies indicated that the main 

fractions present were albumin, transterrin and 6 globulin. 

1 

Loss or ight associated with the disappearance of oedema f'luid in 

one child indicated that the oedema fluid weighed at least 5 lbs; 

t he total protein contained in the oedema fluid must therefore 

have been at least 10-12 g. The return of' even part of this 

protein to the 1ntravascula.r compartment could ha e an appreciable 

effect on the composition of the serum proteins.. The disappearance 

ot oede fluid often coincides with the period or maximal 

changes in the pro ein pattern, towards the and 0£ the first week 

after initiation or trea nt. It is not suggested that this 

mechanism entirely accounts for the dra· tic early changes but it 

must be considered as a possibly sign.1.ficant, additional mechanism. 

The results ot the present investigation suggest that 

the changes in the serum proteins o:r patieniB suffir.i.rg from kwash1orkor, 

untreated and during treatment are more complex than generally 

appreciated. The concentrations of albumin and ltl)st or the globulin 

tractions "11th the exception o.t the post al.bumins, S ct 2 macroglobu;.. 

llns and ~ globulins are markedly reduced in the acute stage of 

kwashiorkor. The pattern varies however from patient to patient 

and does not always correlate with the cl.1n!cal severity of the 

disease. 

Infection/ ••• 
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Inf'ection per se does not necessarily afZect the rate at 

which the serum protein concentration increases but may e.f'.f'ect the 

pattern or repletion. 

The haptoglobins sbov striking changes in this condition. 

he severly reduced values before: treatment and persistent absence 

even after long periods on an adequate diet suggest a haellk)lytio 

mechanism for the anaemia 1n some cases of kWashiorkor . The 

effect or early suppleJnentatlon of the diet with tolic acid or 

reiated co-:f'actors such aa ascorbic acid on the haptoglobin levels 

in kwash.iorkor should the~ei"ore yield interesting information. 

The return of so.me of the- proteins in the oedema fluid 

to the blood stream during the period of rapid loss of oedema fluid 

could account for some ot the cramati.c changes in the serum protein 

spectrum during this period. 

inally it is ev1oent that digestion and absorption of 

protein end the general mechanisms for protein synthesis remain 

intact and efficient even 1n the severely depleted child. However 

the excessive demand for energy producing mechanisms during this 

state of' tremendous metabolic activity may induce de£1c1ene1es of 

vital co-factors which may el"f'ect cellular tabo11sm and transport 

mechanisms adversely. Such acutely induced defie1enc1es may even 

be responsible £or some of the cases of unex:peete.d death which 

occur during treatment. 

.. .................. .. 
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lEmQDUQ.tION. 

It is evident fr'om the semi-quantitative stad1ea on the 

serum proteins in kwaah1orkor described in part A that the changes 

which occur are complex but not entirely spec1f'ic, in that albumin 

and· the jor1ty of globulins show markedly decreased concentrations 

1n the untre ted cases. lt waa pointed out that certain fractions 

notably the postalbumins1 ot 2 macroglobulln and t globUlin were 

g narally' less ef'tected. i'he studies o£ Holt et ala>+ on the pl.a.a 

aminogram 1n kw'asb1orkor demonstrated a unilorm pattern markedly' 

dii':f"erent from the normal, irrespective of the country of origin. 

These changes e:ff ect certain and · acids roore than others, 

especially tlle essential ami~acids, but also some of the non­

essential aminofaeids and probably reflect an alteration in the 

composition of the ava1labla ~acid pool in general, which means 

that tbs composition oi' the substrate pool for general metabolism 

and protein synthesis 1s altered. The order of reduction or the 

total available amino+acld pool cannot be readily asseased as all 

the amino4- e.ids are actively- metabolised, bi.eh makes interpretation 

of radio-acti.ve studies extremely complex. 

It seems logical, therefore, that certain mechanisms must 

be put into operation by the depleted body to conserve nitrogen or 

utillse available nitrogen more effectively-. certain Possible 

mac ha.nisms/ • • • 



mechanisms co.me to mind:-

1. Degre1se J:n gJd.sllU ve deQlilYlA.tiQJl or, a1m-'asa~&a mcl JK;i 

prpdy.cUQn• 

All the available reports show that the urinaey urea 

levels and total nitrogen excretion are markedl,y' diminished on low 

protein diets l3l, 132, 133~ l34-. In. the studies of Edozien 134, a 

group of ,children on a high protein diet excreted 79.;fo ot their 

total urinary n1 trogen in the form or urea, whereas the comparative 

figures for normals on a low protein diat and kwashiorkor lt.18re 

;4-.9% and 41 ... 2% respectively,. Total nitrogen excretion 1n normal.s 
. . 

on a high protein diet was 8.o g./litre while 1n kwaahiorm:>r only 

3.8 g./11tre was e%Crete-d. In :adults sim1lar observations· wre 

made 132• The latter lllOrke~a, however, demonstrated that the ure 

excretion was lower on low protein - high calorie diets than on 

diets def'icient in both calories and protein. It was suggested that 

the high intake or ca:rbobYdrate. reduces the requirements tor energy 

derived rroni ami ~acids by g1u.coneogenes1s. In the present stud7, 

(Part A) the low bl.ood urea levels were again observed. These 

observations suggest that losses of nitrogen may be lowered by a 

diminished rate or oxidative de.ami.nation and urea formation~ 

Studies on the turnover rates of plasma protems in experi-

mental/ ••• 



mental animals 93, 94, 95' and on albumin in eh11.ifren with 

kwashiorkor 73 de ns.trate clearly that the turnover rates are 

decreased and in Purves and Hansens' 73 studies the ball'lite of 

serum albumin wag double that o£ normals. This, therefore, see 

to be an additional bani of nitrogen conservation. 

3. UtilJ.&£ion of n2urn w:,te1n AJld te-ut11a.va.tion pt soo.Jagids 
liJ!ff:r:g,\eg d91:Jng t!UY!l s1ifWQU&• . . . 

Although there is no true store or nitrogen and protein 

in the body comparable with glycog n and depot fat, it is evident 

that, in the protein depleted tate, am1no-tacids liberated during 

catabolism of protein from cert n organs ust be utilised tor 

synthesis ot vital proteins such as enzymes hen there is a lack 

of dietary protein. The experi ntal obser ations or prinson and 

Rittenberg l35 and Olesen et al 136 suggest t t 1n about one 

third of' the amino-acids 1n the body pool is supplied by tissui 

cataboli • It there is a dietary deticiency of a.m1no!o-- c1ds, the 

relative contribution from tissue catabollsm may be s1gn1f'icantly 

higher.. Shonld the fractional ate of catabollsm remain the same, 

it is evident that a net loss of protein nitrogen must oecur from 

certain organs. Musc1e, be1 the largest Pl.'Ote1n-conta1n1ng organ 

in the body, probably bears the brunt ot this protein-l.osing st te 

in order to supply a.J:Jrl.no.aeids for ut!11sat1on in the synthesis or 
vital proteins with rapid turnover rates such as enzymes. This is 

borne/ ••• 
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borne out alln1cally by the profound muscle wasting encountered in 

kwashiorkor. In order to achieve some sort of' steady state, re­

utillsation of n1 trogen must tharef'ore be more eff1c1ent9 whieh 1.s 

supported by the finding of' decreased excretion or urea and total 

nitrogen in the ~ine. Levenson and Watkin 98 al.so concluded trom 

their studies on the nitrogen which is lost after burns, that the 

integrity of active vital organs is maintained at tba expense o.f 

lesa vita1 ones such as skeletal muscle 

4 . Jnotmaad t;rrnat3t2:n ,gt wm:-a<;Jds tbrJ>ggh t~IWJzmn 

tt§St1QDA. 

Although thEtH is no experimental evidence to support 

this hypothesis, it is theoretically possible that carbohydrate J'lUl7 

be a limited source or certain amino-aeids in tha depleted state, 

through transamination reactions. This wuld obv:lous].y depend on 

the availability o!' the amin0-:-ac1d donating the amino-group in the 

reaction. With the possible ~ept:lon of lysine and threoninet all 

aJn.ino~acids, even the essential ones., take part in these reactions . 

For instance 1n. tbe rat, .after feeding of a~nium salts, glycine, 

L or D Leucrine, or L tyros.tne labelled with isotopic nitrogen (?1lS), 

almost all of the wno..:.aeids subsequently isolated from the 

proteins of the tissues conte.J.ned some 115 137. It would, therefore, 

be of f'undamental importance to study the rate oi" transaminase 

reactions 1n the depleted state as compared with the normal 1n order 

w ... 



i 
I 

to determine whether specific amino-acids derived 1n this -way lllaY 

contribute s1gn.U1cantly to the general pool. 

, . Re:2lace ent of 8§§entiB,l !Y9:!92-ac1d,§ bz AAA essential amtn<?f 

aqid§ . in eE?,r~ga!Jl vr<2~sa:!:Wi• 

It 1a, theoretically, possible that a certain amino-acid 

v1 thin a protein llX>leoUle may be replaced by another of equal 

charge, without significantly effecting the net oharge on the 

protein molecule. tt this could~ indeed, happen in the protein 

depleted state, the animal may be eq~pped with a potent tool for 

conserving essential amino .. acids by rep1ac1ng them with non 

essential amino-acids, provided that the biolo~ical function or 
the particular protein 1s not intertered w1 th. From the studies 

on adrenocort1cotropb1o hormone by Hoffman et al 138 and Lee et a1139, 

it is evident that only the first twenty three amino- aeida in the 

straight chain po].ypeptide of thirty nine amino~acids are required 

for .full activity or this hormone. The rema1n1ng thirteen amino­

acids va:ry according to the animal oource 7 without affecting the 

potency of the hormone . There appears, therefore, to be no 

fundamental obJeetion to the bypotha:us of interchangeability or 

am1no.:.acids in a protein molecule, provided that the particular 

animal possesses the required synthetic chanisms for affecting 

such changes, or that these can be induced tor instance by a change 

in/ • • • 
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1n tbe substrate composition. Some support for this argument 

comes fro the persistence or the g~ne for production of foetal 

haemoglobin in states. wher~ normal adult haemoglobin (Al) is not 

formed. The synthetic mechanism for production of foetal haemglobin 

is mrrnally suppressed shortly after birth. Interesting ohserva• 

tions have also been ntade with respect to albumin, which, tip tlll 

the nineteenth week of foetal lite, appears to consist of t"WO 

electrophoretic components llto, 141. This condition of' b1salbumin­

aem1a has now been described in adults by several authorallt-2• 11+3,llfl+. 

The n bnormal" albumin abowd no demnstrable antigenic diff'erences 

and coupled spacificall.Y' with n-to-lyl•alpha-naptey-lamina-8-eul.phonic 

acid. To our knowl.edga, no results on the am:Sno"acid composition 

of the tvo fractions have been publishe These considerations 

sti ulated our interest in the ami~aoid composition of certain 

body proteins, mtably albuxn.tn which accounts for the bulk of the 

readily acessible labile serum protein pool. were part.icularly 

interested to f !nd out whether the body could atf eet changes in the 

aminof-aoid composition or a protein such ns albumin when the 

availability or essential a.m1notacids was extremely low and the 

level of amino-aeid substrates as a whole was markedly d:tnxlnished. 

However, some theoretical background to the specir1e1ty of protein 

biosynthesis and the mioroheterogene-ity or protein strttcture is 

required bef'ore this arglltlent can be further developed. 

ru«L;zrml •••• 



The active site of' protein synthesis in the cell resides 

in the ribosomes which are dense spherical particles attached to a 

netwrk or membranes, tubules and saccules (endoplasmic reticulum} 

and contain 80 o:r the cells' ribonucleic acid (R .N .A. ) • The 

desoxyribonucleic acid (D.N.A.) of the cell nucleus contains the 

genetic code for protein synthesis and transfers its spec1.t1c 

genetic information to the protein synthesising mechanism in the 

cytoplasm. Both R.N.A. and D.N.A. consist of long chains ot 

nucleotides containing large numbers of purine and pyrimidine 

bases. The differences in sequential order or these nitrogenous 

bases determine the arrangement of the aminofacids in the peptide 

chains ot different proteins. 

The genetic code is transferred from D.N.A. to B.N.A. by 

the formation of a complimentary R.N.A. strand !or each hybrid 

D.1i.A. helix produced in the nucleus. This R.N.A. molecule~ 

designated messenger R.N.A., migrates into the cytoplas.m via the 

endoplasmic retioullm and attaches itself to the ribosomal complex 

of' this structure, Where it acts as a template £or the synthesis or 
a specific protein. For the incorporation ot each amino•acid into 

the peptide cha1nt a specific eontiguration of the purine and 

pyrimidine bases in the messenger R.N.A. strand is present. This 

configuration is reteri-ed to as the code mrd for that particular 

and no-/ •.• 
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amino acid. It is now evident that these code -words consist of a 

triplet o~ three bases. Therefore, to direct tho speeifie 

sequential incorporation or amino-'acids into a peptide chain, 

which usually consists of twenty different amino-acids, a m:imnn1m 

of at least twnty code 'Wt>rds is required. As there are tour of 

these bases - adenine, guanine, cytosine and uracil, sixty four 

possible eo e words may exis't. ork on suitable cell free systems 

has led to the assignment of triplet code "WOl"ds for twenty amino, . 

acids llt-5. Two or the bases :tn each triplet carry most of the 

information. Althcnigh the code is quite specific in that only one 

aminotac.id will be incorporated by pa!"ticular coda, there is re 

than one code 'WOrd for many amino•acids. However, to date, no 

overlapping of code words tor different am1 acids has been shown. 

The f'irat stage or protein synthesis requires the 

activation of amino• acids by specific enzyme to for the 

a enosine-monophosphate (AMP) - am! acid compoun. These 

activated amino-:- c1ds are attached to short-chain R .N .A. lecules 

(transfer R.!l.A.) which transfer the activated atninojacids to the 

messenger R.N.A. where the spea1fic sequential incorporation of 

am no-acids into the peptide chain 1s determin d by the order o:t 

the code -words in the R.N. A. str d. 

The available evidence then suggests that the process 

at/ ••• 
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of' protein b1osyntbesis is highly specific and that, not only the 

amino-acid composition, but al.so the sequential arrangement are 

fixed parameters for a particular protein species. However, this 

view bas not en axcepted entirely without quest1on146, 147, !48 • 
... ,.. -- .. 

Tristram 148 suggested that although ee.rtain groups in the protein 

must be correctly spaced and orientated for function, the remaining 

residues may not be very important and could depend on environmental 

e1rcUJ:1$tances. This has certainly been demonstrated in the ease of 

adrenocorticotroph1c hormone 138" 139. 

The whole problem related tote specificity of protein 

b1osynthas1s was reviewed recently by Vaughan and Steinberg ll+9. 

The available data on the complete or partial aminofacid 

sequences of pl'oteins were collected by Vaughan and illinmsllt9 

(p. l.21). 

In not a single o.ase could deviations from the unique 

amino-acid sequence f'or a particular protein be demonstrated. Even 

the pos1t1ons of divalent bonds such a cystine did not vary in the 

proteins re this was examined. There is, therefore, no evidence, 

as yet, o suggest that variations in the primary structure ot a 

pal'ticular protein occur under- normal clrcumstanaes. 

This conclusion, of caursa, is only' vali if the method 

used in the prepar tion of the protein is non-selective and if 

one/ ••• 



one can assume that the protein s ple finally isolated 1s 

representative of the population synthesised by the tissues. 

72 

Colvin et al 1;0 introduced the term microheterogene.1 ty 

to describe the statistical distribution of the structural 

pl'opert1es or a par-tieul.ar protein. These authors believed that a 

unique structure tor a particular protein was unlikely, and based 

their assumption mainly on heterogeneity demonstrated by phys1co 

chemical. procedure • 

Differences in the physico-chel?lical properties or a 

molecule, however, do not necessarily imply difi"erences in the 

primary structure of the a>lecule, but may be determined by 

everal factors. 

During :taolation and ptlt"ltication certain changes may 

occur especially as a resUl.t or deam1dation or amide bonds which 

are known to be l.abile . This has been demonstrated 1n the case 

or corticotrophin 1,1. 

Configurationa1 isomerism may be induced with resultant 

changes 1n the aecondsry structure o;f the protein by certain 

isolation procedures. The apparent croheterogenei ty of albumin 

is almost certainly due to iso erism with the for tion of dimers, 

and even polymers as demonstrated by Sogani and Foster 15'2 when 

albumin is subjected to increased hydrogen ion concentrations. 

pparent/ ••• 
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Apparent inhomogeneity o:t a protein may also be produced by the 

binding or different ions. It is well know that proteins 1n 

gener-al, and albumin particularly, have a great a:f'tinity for small 

ions., especially anions. Ditterencea in the number or ions bound 

eta particular time may, there.fora, P1:0duee apparent heterogeneity. 

The observation by Hughes 153 and other workers that only two third$ 

or the albumin populati.on possess a tree sulphydryl group, ot 

course, suggests true heterogeneity, but again this may onl.y 

refleet a difference in seeondary structure. 

DX£:Jt:IIDENT MQLECUUfl SfEf.cllr§ QF A PRo;rnm OCQUBBING 

D ZHE SAME,,DIDIVIDU4k. 

There 1s de-finite evidence that more than one nnlecular 

species of protein may eXist 1n a particular individual. The 

example or bisalbuminaenda in adults 142, 143, 144 has already been 

mentioned. Haemglobin and blood group substances are additional 

proteins where this pr1no1ple applies. Iio¥:aver, it is altllOst 

certain that, under these circumstances, the synthesis of these 

proteins are directed by more than one gene. 

fflEMPT§ AT INPUCIJlG, A~*!Ql!S IN THE {YmiQ::ACIR CQMf9SITIOJi QF 

ffiOTEINS BY. CHANGING THE COMj;OSITION OF TflE AfUNCstACIR POOL 

A!AIMJ!L~ FOR fROTE;t;H S'Yf\l:HESIS. 

several attempts to· test this hypothesis have been made . 

in the past. Czonka l5'+ claimed to have produced such changes in 

eggwh! te/ ••• 



eggwbite protein. Rao and Wadhwan1 i,; made sim.tlar observations 

on the total cellular protein o:r Mycobacterlu.m tuberculosis, while 

Cohen 156 claimed that the valine content of' the proteins formed by 

a valine-sens1tive mutant o£ E. coli increased when the organisms 

were grown in a medium containing an excess of valina. However, 

none or these experimental conclusions are valid aa no attempt was 

made to isolate a specif ie protein from the organism. Changes 1n 

the amino•acid composition so demonstrated, almost certainly 

retiect an alterati.on in tbe re·lative amounts of different pl'ote1ns 

:formed under these conditions, 

There appear-s-, theretore, to be no concrete e-vidence that 

the apparent Dlierohete.rogenej.ty or certain proteins under normal 

conditions 1s due to di.ff'el.'enees in primary structure of the mole­

cules. To ou:r knowledge,. the only report dealing specifically with 

t his problem is that of Keller and Block 15'7. !these vorkers 

examined the amino-acid composition or bovine serum mercaptalbumin 

s-eparated into tht-ee fractions by chromatography -on DEAE cellulose, 

and claimed that the cystine co.ntent of one .fraction was 

significantly di.f!erent f'rom the other fraeti.ons. ?he experimental 

eon itions or hydrolysis and amino-acid analysis wre not discussed 

by these wrker.s nor was any attempt made to easure sulphydryl 

groups. The fact that the percentage nitrogen of the albumin 

preparations was less than 14 renders the signi.ficanee or these 

observations/. 
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observations rather doubtful. In the experiments whee attempta 

w:re made to induce auch change&, the reaulta .era rendered 

m,uaningleu through failure to isolate ,pure p.ro teins troia tbe teat 

orgama. 

It ws thenfor• decide to inYest1gate the a~ac1a 

eomposi t1on or aerum. al.b\lJld.n in ltwaahiorkor u COll'J)&Ntd. vi th that 

or mrmal persons. Utbough this condition io not an ideal 

example ot pur.e protein depletion, the complcd. t:, ot the metabollc 

strain illposed upon the bioa,ntbetic mecbatlisu 11111' be autf1c1ent 

to induce or 1utnlask pathvQ'a fo7: al.taring the ~ld compoa1t10Jl 

or a particular protein such aa serwa albtrlrd.n ahould auah. occult 

pathway's «nat. , 

With these coMidsrations in nd, 1 t 1s e.ssentlal to 

a.tine certain. problems related to these particul.ar 1nvestigat1ona 

before discusaing experlme-ntal thoda adopted. 

1. ;ua 9' tbt JaJ.md 1MR;&.11 m1.J.ull• 
fbe blood samples that can be satel.y taken front a 

patient with kwash1orkor are 811811, ana, a.s allqaote from the 

specimen collected on the f'i.rst day ot aaiaslon were .required tor 

lt1oo4 culture and other biocbeld.cal tnvostigatitins, no mor,a than 

S Ill.. ot cl.otted blood vere availabla to us 1n at cases. The 

&e!"ff.t'I protein comontrat1ons hardl.y ever exceeded 4 g . /100 mi. ot 
whlcb only approximately bal:r vu albumin, tht't total albnm..n in ti. 

starting ;material ranged between ~o ng. only. It was, ther~ore, 

essential/ ••••• 
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essential that the method employed should produce high yields and 

be suitable as a micro-method. 

2. §ffles;t1J1tz Rt" ,tbe geYlQd. 

From the theol"&tical eons1derat1ons outlined in th.a 

l)l'Etvious chapter, it is evident that the preparative method should 

be non selective and yield a final product which is representative 

0£ the enUre molecular species ot albumin. No changes are likely 

· to be demonstrable it only a fraction 0£ the total albumin is 

f"inal.ly obtained as molecules in which dttferences could be found 

will be exclud&d. 

3. meet ot #!! li2l1Y211 Pr211siure on ;the D&tivt 1at§ 2t . t!3! 
Pmtt1n. 

As outUned before. certain changes especially in the 

amide content 0£ proteins, may be produced by drasti.e isolation and 

t)urif'ication procedures.. Changes in tile secondary structure or the 

protein uaolecule should not ef'tect the amino acid c.oniposi tion but 

may influence the hydrol.ytic process as will be diseused. It is, 

therefore, essential that manipulations during the preparation of 

the albund.n sample should not be unduly drastic~ so as to avoid 

splitting off tragm.enta from the molacul.e. 

i. • rw:1tx or tm sm;Le. 
:Before: the structure of an:y substance can be determined, 

the p.reparati.on to be analysed must be obtained ill pur-e form. 

Whe-reaa/ ••• 



fuar as this objective can usual.ly be achi vs in inorganic 

chemistry, the same doas not appl.7 to macro 1ecules such aa 

proteins. In the present study, tbia aim almst certainly could 

not be realised without employing highly selective procedur-es 

producing low yields, which would invalidate ny results obtained. 

In the present in'V'estigat1on, a satisfactory preparation waa 

de.tined as one which was homogeneous on paper electrophoresis in 

veronal buffer or ionic strength 0. 015 and pH 8. 6. Although the 

album.in componant on the paper electropboretogr contains soma 

a<., globulin th1 is qua.nti tat!vely 1ns1gni:f 1cant 112 and should 

not eff'ect the validity ot tb.e result obtained. 

These cr1 terua 'tl'el'e considered in the development of 

tbods for the preparation of albutllin described in the i'ollowing 

section. 
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exchanger have a high c paci ty and will separate th plasma 

proteins into 1 ge number ot fractions. The experience of st 

arly wrkers tended to suggest t t homogeneous preparations could 

not be obtaine without so pre11minary purification of a complex 

mi ture such s serum or pla a l6'-, 165, 166• However, Cohan and 

Gor on l67 claimed that albumin could be prepared in sutf'1cientl.y 

pure for :tor iodination to be used in turnover studies in rats. 

TheoQ ltX>rkers used carbo~ ethyl cellulose and e loyed a salt 

g dient at const t pH for d velop nt or the cbro togram. It 

a , there£ or , decided to investigate this procedure, or a 

di.fie tion thereof, aQ method for the preparation of alee o­

phoretic ll.y homogeneous albumin • 

• 

TIO~ OF HUMAN 

HYL CELLULO • 

In the procedure ot Cohen tllld Gordon 167 the serwn an 

resin -war quillbrated with acet te butter (0 . 05M : pH , .o) and 

the adsorbed protein eluted by establishing a gradient be~n the 

above starting butter and the lim.1 ing buff ( etate, o.4M , 

pH , . 1), ing a conatant vo1ume mixing chatlber in the gi,adient 

device. 



0-0 

METHODOLOGY. 

Reagents: 

Carboxymethyl cellulose was obtained from Brown Co., 
U.S.A. By using test sieves, the crude resin was fractionated and 
the fraction between 150- 200 mesh (dry form) was used in all 
subsequent experiments. A suitable aliquot of the selected fraction 
was then transferred to a beaker containing ~O and after proper 
soaking the non-sedimenting particles were removed by decantation. 
The resin was then washed on a Buchner funnel w1 th approximately one 
hundred times 1 ts volume of a solution containing •aoH o.; M and 
NaCl o. ;M. This was followed by washing with distilled H20 ~til 
the filtrate was neutral to litmus paper. The resin was then 
equilibrated with starting buffer until the effluent had the 
desired pH. 

Chromatographic Columns: 

The chromatographic columns were made of pyrex glass 
tubes 1.2 cm. internal diameter and measuring 20 cm. long between 
the sintered glass disc (porosity grade 2) at the bottom and a 
Bl4 groundglass joint at the top. The columns were fitted with 
ball and socket joints at the bottom for convenient connection of 
the effluent stream to an automatic recording instrument (L.K.B. 
Uvicord). 

Pouring of the Columns: 

Before use the glass columns were cleaned by soaking in a 
saturated solution of KOH in ethanol, followed by exhaustive rinsing 
in d1stil1ed H20• The resin, after proper equilibration, was poured 
into the columns as a slurry in three sections using an extension 
tube attached to the top of the column. The resin bed was firmly 
packed by applying a pressure of 8 lb. per square inch from a 
nitrogen cylinder until constant height was reached. The resin 
column was usually between 15 and 18 cm. in length. 

Gradient Device: 

The apparatus used for producing a gradient is sho"1!1 in 
fig. 23. It consisted of a separatory funnel of 500 ml. capacity 
which contained the limit buffer connected to the mixing chamber, 
filled with starting buffer, by means of a length of polythene 

tubing/ ••• 



FIG. 23. 
EXPERIMENTAL ARRANGEMENT OF APPARATUS 

FOR PRODUCING GRADIENT. 

MIXING 
CHAMBER-

~SEPARATORY FUNNEL 

MAGNETIC -~=S:::::d.J 

STIRRER - CHROMATOGRAPHIC COLUMN . 

FIG 24 
SLOPE OF GRADIENT PRODUCED BY 

· ASSEMBLY SHOWN ABOVE. 

EFFLUENT VOLUME 



81 

tubJ.ng and fitted with a su1tab1e ground glass connection. The 
effluent from the mi:d.ng chamber was fed into the ebromatograpbic 
co1wnn using a length of polythene tubing of narrow bore to 
prevent exeess1ve mixing of the effluent stream. The mixing 
chamber contained a magnetic stirrer. The gradient produced by 
this arrangement is demonstrated in fig. 21+. As the slope of the 
grad:lent will be affected by the volume of the mixing chamber a_s 
well as the dit.terence in molarity and hydrogen ion concentration 
between the a.tarting and limit buffers, these paraniete:rs had to be 
investigated for each set or exparimen'ts. 

In the pH range lt-. 2; - 5'. 25 Acetate bu.rters . of different 
molarity and hydrogen ion concentrations were used. The composition 
of the buffers will. be specified .for each eXperiment. 

The serum to be tract1onate-d was dialysed against the 

starting buffer at lt.° C tor 48 hours, changing the buf'f'er at 

approximately 12 hour intervals. The precipitate, which formed 

during dialysis, ws re.moved by centrif"ugation and an aliquot ot 

the dialysed serum• containing approximately 120 mg. ot protein, 

was applied to the column previously equilibrated with the appro• 

priate starting buffer. The sample was allowed to enter the resin 

under gravity flow and washed in with t"'D aliquots of approximately 

2 ml. starting buffer. The space on top of the resin surface was 

then filled w1 th starting buff er and the column connected to the 

ndXing chamber, also containing starting bu.f:ter. The te-eding 

chamber was f'illed with limit buffer and elution commenced. The 
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et.fluent was collected in 5 ml. fractions by eans of an automatic 

fraction cutter and t absorption o.f each .fraction asured at 

280 p in a kman dal D.U. Spectrophoto ter. The absorption 

t 280 mp as plotted against the effluent vol e r by a series 

of' peaks re obtained. During the latter part of the present 

study the absorption or th effl ent stream was auto tically 

recorded at 262 m 1n a t.K.B. Uvicord 1nstru ent which then 

became available to us. 

The fr- c:tions 1n each pea ere pooled and concentrated 

by pervaporation with intermittont dialysis against distilled ~o. 

ter determination of the protein concentration on t pooled 

tractions by the b1uret procedure 123, these e ned by 

paper lectrophore is in a arbitur te butf'er or ionic trength 

0.075 and pH 8.6 

I. 

E:xRe~ ent1i Da;ta: 

Bµf:f'er§: 

Starting butf"e.r 

Limit buffer 

: 

• • 

Sodium eetate • cetic acid 
(O.O,M : pH 5.0) 
Sodium cetate - eetic acid 
co.l+ : p ;.1> 

:.==:~~~~be~r~:. 200 ml. capaei ty. 

Sample: ormal human adult. 

Ser • Total protein 7.8 g./l.00 ml. 
lbumin 5.0 g./100 ml. 

RF.STILTS/ ••• 
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FIG 25a EXPERIMENT 1 

FRACTIONATION 
GRADIENT, 

OF SERUM PROTEINS ON C.M.C. 
ACETATE, (0·05M : pH 5'0 - 04M : pH 5·2} 

2 

10 15 20 
( fraction no .) 

25 30 35 
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The af'fluent diagram obtained by plotting the absorption 

at 280 u agai t etf luent volume 1 pre ent d in fig . 2;a. 

ig . 25b shows the el ctrophoreto of th protein in the peak 

labelled 2 in fig . 3a. It is evident that, although st o:f' the 

teri.al g ated as albumin, significant contamination w1 thol 2 

nd ol l lobuli was still present. Further Xperiments re 

conducted, varying the molarity of" e ll t butter between 0 . 1,0 

and o.~ M while k p tho vol or the mixing chamber constant. 

Resolution waa not 1 proved by decreasing the l ity or tbe limit 

utter but trailing or the fl ent pe s bee more 

In order to remov the bulk of the un anted globulin 

tr ctions before chro tograpey, serum wa treated w1 th halt 

saturated Clfl\)2 and the albumin re 1ning 1n soluti on subjected 

to chromatograplly.. 

o t r 1 serum at roo tem rature s added 
aturated ( )2 (sp. gr . 1. 245') to give final concentration 

ot 50 s turat1on using the cal.cul.a tion X= CV l re X is th 
(100-C 

vol of s tu.rated (N~)2601t and V the volume or pla • 

It/ ••• 
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FIG. 26 b PAPER ELECTROPHORESIS PATTERN 
OF PEAK 2 (ALBUMIN), ABOVE. 
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It was 1"ound advis ble to c -ck the pH of the (NI1+}2S0l+ 
and adjust to neutrality when required as so a preparations 
appeared to contain free acid. · 

the resultant precipitate was removed by centrifugation 
and the supernatant, ;ontaining albumin1 dialysed against distilled 
~O until free of Nll+ ions. The salt rree solution was then 
dialysed against starting butfer and subjected to cb:romatogr pby as 
outlined in Experiment I. 

RE§UL%: 

The effluent diagram is shown in fig. 26a while fig. 26b 

represents the electrophoretogr m of the concentrated pooled 

fractions 20 - 29, lthough the effluent peak appeared re 

trica.l, protein fractions having the mobility of CXr 2 and B 

globul.ins wre still present on electropnoras1s. This procedure 

had th additional disadvantage o~ requiring p~olonged dialysis to 

re ve the ammonium ulphate resulting in ked dilution of the 

sampl. This thod was, therefore, not investigated further. 

WJmIMENT III. 

The results obtained in the previous experiments 

indicated that the chromatographic procedure used did not have the 

required resolving power for the preparation of homogeneous albumin 

as some globulin tractions p.ers1stently a.ppearad in the albumin 

traction. It was, therefore, essenti l to de£ine re precisely the 

way in hich the par tars or hydrogen ion concentration and 



molarity aftect the desorption of albumin from a column of 

carbo.xymethyl cellulose. 

a, 

The conditions required tor elution of a given mlecule 

depend upon the number o:r bonds that can be f'ormed betwen the 

absorbent and the adsorbed molecule. Both proteins and cellulose 

ion exchangers are polyelectrolytes and, therefore, capable of 

reacting at several points. molecule having the same nett 

surface charge density as another (and hence a similar electro­

plx>retic bility) but exceeding it sign.if'icantly in size, vill 

require stronger eluting condi·tions because of the greater number 

or bonds that can be formed, provided intercharge distances are 

favourable. Thi principle was demonstrated for a series or 

homologous polynucleotidas which emerged from a cellulose ion 

exchange column in the order of increasing size 168, 169. or this 

reason a constant relationship between eluting conditions and 

electrophoret1c bill ty will not ba maintained even at constant 

p1i l70, 171• It is also known that the concentration and type ot 

anions present 1n the protein solution will effect the isoelectric 

paints of individual proteins but not necessarily to the same 

extent 172. For instance, the 1soelectr1e point or albumin decreases 

progressively with increasing ionic strength 173. 

With these facts in mind var1at1ons in the larity or 

the starting buffer combined with a pH and salt gradient during 

elution of the proteins were investigated. 



DETER @A'f ION OF T · §ALT QOUC TRA'.CIQN U IQH 

ALBUMIN IS ELWED NEAR ITS ISOELECTRig POINT. 

'§lxJ?erirnental conditiptl§t 

Buffers: 

rrocedy;ret 

starting butter 

Limit buff er 

1 Sodium Acetate .. Aeet1e acid, 
0. 01M: pH t+.4 

1 Sodium cetate - Acetic acid, 
0 . 1M t pH 5'. 0 

Chromatography was per.for d, as bei"ore, by equilibrating 
both 1"es1n and ser with starting bW:fer. The gradient was 
established through a mixing chamber of 1,0 ml. capacity. 

The pH and sodium concentration of each fi"luent fraction 
:was determined in a Beckman model G pH ter and EEL flame photo­
meter respectively. 

Fig. 27 show the affluent diagram obtained by plotting 

absorption at 280 ,u; a* concentration in me.q./11.tre and pH 

against er.fluent traction numbers. It is evident that the peak a, 

which consisted stly of lbumin on electrophoresis was eluted at 

an effluent pH ·of bet en 4-. 8 and lt.9 and sodium concentration ot' 

8o- 90 ·meq./11tre. 

~ ..... 
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CttllFJQXX:MEZJ:liXL CELLYW ~ . U§n!G A co.,ml.fW.D p ' . ~D §ALT GRAD !ENT. 

HOD I. 

In view of the !"act that a s1gnif icant number or 
globulins have !so-electric points below that of albumin, (l+-.8)1~ 

lowering the pli and increasing the salt concentration of the starting 

buf:fer may reduce the nett charge on these lecules sufticiently to 

prevent their adsorption on t resin or cause th to be eluted 

before lbuinin when a pH and salt gradient is used during the 

development of the cbromato ram. 

Elution:. 

RESUL : 

Starting butter 

Li t bu:f"fer 

: dium Acetate - etic cid. 
o.o8M : pH 4.25 

: dium cetate • cetio cid. 
O.l % : pH 5-.25' 

Gradient using a constant volume mixing chamber of 
150 ml. capacity. 

t fraction no. 5'9 the limit buffer was replaced by 
o.,M NaCl. (fig. 28). 

The e s obtained in the effluent diagram are shown 1n 

fig. 28 wherP the pooled fractions are n ber d 1..lt. Peak 4 

obtai ed by eluting al.l the etained tr tions, following albumin, 

with a concentrated NaCl solution. 

Electro-/ ••••• 



FIG. 28 . . CHROMATOGRAPHY OF SERUM PROTEINS ON 
C.M.C. USING A COMBINED pH AND SALT GRADIENT. 

METHOD I 

4 

1-0 

2 
::i... 
E 

0 0-5 
GD 
N 

E 
u -w 

10 20 30 40 50 60 70 80 
(fraction no.) 

FIG. 29 •-d. PAPER ELECTROPHORETOGRAMS OF 
POOLED FRACTIONS 1-4 ABOVE. 

a Fr•ction 1 

b FrAction 2 

C Fraction 3 + 
d FrAction 4 
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Electro horatograms of the pooled tractions are shown in 

fig . 29a, b, c, d. 

contained stlyoG 

It is evident that pooled traction no. l 

and oG 2 globulins; pe k no . 2 the bulk oi' 

the albumin th some albumin in no. 3. e no . 4 contained )l 

and O lobulins with some ol 2 globulins. 

Albumin. prepared by this ethod was subjec tad to ultra­

centr1fugat1on * and showed a single ooundary (f'ig . JO) with 

a sedimentation constant s20 = 4.44 which agrees well w1 th 

published figures 174. 

• The ultracentrifugation studies were ki.ndly 

performad by Dr. A. Polson of the u.c.T. and 

c.s.I.R. Virus Research unit, Cape Town • 

........................ 

co 

It is evident that by using t s gradient system, a 

fraction of albumin aould be obtained hich appeared to ba homo­

geneous on pa r electrophoresis, and ultracentrifugation. By 

inc easing the salt concentration and hydrogen ion concentration 

of the starti buffer the desired effect of preventing adsorption 

of some o.f the unwanted globulins wa achieved. The in danger 
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of this procedure is the possibility or isomerisation of albumin 

in this low pH range. This could lead to selective fractionation 

or the albumin ano decrease the chances of demonstrating differences, 

in the aminofacid composition, betwen children with kwash1orkor and 

normal ch11dl'en. However, the electrophoretic and ultraeentritu­

gat1on studies did not suggest this and are consistent with the 

obser;ations by Callaghan and Martin 175 on the rotary dispersion 

behaviour 0£ serum albumin which suggest that the native configura­

tion of t,1e nt>lecule is retained 1n the pH range l+-10. 

Recoveries of' albumin from the original sample by this 

procedure were low and never exceeded 50-60 .• This was a 

disadvantage as some degree o.r selective fractionation could 

thera!'ore not be excluded. 

In view of' the simplicity and reproducibility of the 

method, 1 t ws decided to analyse some albumin samples prepared by 

this tbod from normal children and children w1 th kwashiorkor and 

compare these results with those obtained on albumin prepared by 

different procedures, to be described in the following sections. 

This procedure will be rei"erred to as Method I. 

---..--------

»,./ ••• 



.. -
BUMIN BY 

~XYMETHYL CELLULO 

· OLYETHYL N" GLYCOL. 

II. 

90 

The albumin preparations obtaine by the chromatographic 

procedure outlined in tion , Method I, re not entirely 

satisfactory. As already pointed out, yields w e 1ow and in a f 

apeci ns prepared by this procedure contami · tion ot c(.. globulins 

still occurre 

As the contaminant traction appeared to be the s«. 2 

eroglobulln on tarch gel electrophor sis, fraction rich 1n 

earbohydr te, di.ff1cult1es might be experienced as a result ot 

humin ·tol"lllation during hydrolysis. Further experi ents were, 

therefore, conducted in an attempt to find a IIk)re electiv protein 

precipit t ereby unwanted globulins could be remove prior to 

chromatogr pby. 

PQLYETHY , ffi G LXCQL 

eV1 ral ter oluble linear pol rs such as polyethyleni 

glycol, nony-lphenol•ethoxylate, polyvinyl alcohol, dextran nd 

polyvinyl pyrrolidone act protein precipitant 176. 

Polyethylene/ ••• 



Polyethylene glycol (p.e.g.) which is eom:neroiaU,, 

available as polymers of dtl'ferent molecular weight ranging from 

300-20,000 showed good aalectiv1ty as a protein precipitant and 

produced no deteetable denaturation of the precipitated proteins 

even at room te peratu.re. Polyethylene glycol (M.w. 6ooo) was 

used as a protein precipitant in the development or methods ror the 

preparation or o globulin and f'ibrinogen f'ro human plasma. Homo­

geneous preparations could be obtained 1n high yield while the 

proteins ret ined full biological activity 176. 

Earlier experiments established that hydrogen ion 

concentration was the most critical factor determining the 

selectivity or protein pree1pitation.. For example, at pH 7.0, all 

the lS globulins and the major 1 t of o(.. and globulins could be 

precipitated fro human plasma by p.e.g. (M.W. 6oOO) at a concentra­

tion of 14 w/v in the reaction mixture. Lowering the pH to 

5.9 t o.i resulted in the precipitation of a significant proportion 

or the remaining globulins, leaving the albumin in solution. These 

established principles were therefore applied to the present 

problem-, in an attempt to remove the contaminant .tractions pri.or 

to chro tography on carbo:xymethyl cellulose. 

• • 

· HOD • 

1. Phosphate bui'f'er {o •. 2M : pH 7.0). 

2./ ••• 



92 

2. P.e. g. • 6ooo (Shell, s •• ). 
A stock solution of polyethylene glycol 28 w/v in phosphate butter (0. 2 M ; pH 7.0) s prep d. lution can b tacillt te by arming the buffer to p oxi tely 500 c . 

3. cetic aci • o. ; N. 

or l hyman ser s diluted w1 th phosphate buffer to a final concentr tion of 2 w/v prot in. To the diluted protein solution was ad an equal vol or 28 p. e . g . at roo te 1perature ct 2<>°). The re ultant precipitate Pl s removed by centrifugation t 6ooo r •• • fo 20 nutes. 

The pH or the supernatant 1 was adjusteo to ,.9 with o . 5 N acetic acid and the resulting precipitate P2 removed by cent ifugat1on t 10,000 r . p •• for 20 nutes. The p. e . g. concen­tration in th supernatant 2 s then increased to approXilllat ly 20 w/v an pH adjusted to 5.0 with o., acetic cid, wbich re ulted in the precipitation of the re 1n1ng protein P3 . T su t nt 53 discar dafter centrifug tion t 10 000 r . p. m. for 35 minutes. The preci pi t te dissolved readily 1n p~sphate buffe (0. 2 • pH 7 . 0). T procedure 1s outlined in the flo di m £1g . 31. 

1g • . 31. 
Preliminary pu:rlf'ics.tion of lbumin with 

eth le M •• 6ooo. 
Pla Pl'otein 2 w/v in Pho phate buf'fer (0. 2 M: pH 7.0) 

+ 
Equal vol p. e . g. 28 w/v. 

djust H to 5.9 with 
0. 5 C~COOH 

I , Cen if yge • 

i-2 
~ B globulins. 

Discarded. 

Qentrifpge: 
1T l 

j · ~ 

Pl 
d globulin + some °' and B glo bUUns. 

Discarded. 

Increase p. e.g. cone. to 20~ w/v. 
Lower pH to 5. 0 

Cegtri:fyge. 

s~ 
Di ard. 
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Results: 

Figs . 32a - c show the electrophoretic composition of the 
precipitated fractions dissolved in Phosphate buffer at pH 7. 0: 0 . 2M 
Electrophoresis was conducted at pH 8. 6 in Veronal buffer of ionic 
strength 0. 075. 

It is evident that fraction Pl precipitated at pH 7.0 
in p. e . g . 14% w/v consists of ~ globulin with some J3 and C:X:.. 2 

globulins . Only a trace of albumin is present in this precipitate 
fig . 32a. Fig . 32b shows the composition of the precipitate P2 
which formed by adjusting the pH of the supernatant fraction Sl to 
5.9. p andol 2 globulins are selectively precipitated during 
this step. 

The composition of the final precipitate P3 is given in 
fig . 32c . Traces of o1,, 2 globulin are still present but the bulk 
of the material is albumin. 

FiliAL PURIFICATION OF PRF.cIPITATE P3 BY CHROMATOGRAPHY 

ON CARBOXYMETHYL CELLULOSE. 

The partially purified albumin was subjected to chroma­
tography on carboxymethyl cellulose after dialysis against starting 
buffer (Acetate 0 . 08 M: pH ~. 25) for 48 hours . The limit buffer 
was Acetate (0 . 150 M: pH 5. 25) and the volume of the mixing chamber 
150 ml. 

RESULT/ • •• 



FIG. 32 G-C. ELECT RO PHO RE TIC 
PRECIPITATES P 1, P 2 J\ND P 3 
PRELJMARY FRACTIONA TJON OF 

WI TH POLYETHYLENE 

COMPOSITION OF 
OBTAINED DURING 
SERUM 
GLYCOL. 

PROTEINS 

Q. P 1 ( peg. 14•1. : pH. 7·0.) 

; 

b. P1
2 ( peg. 14•1. : pH. 5·9) 

C. P3 (peg 20•1. : pH. 5-0.) 

albumin . 

• 



Fi . 33 represents the effluent diagr obtained by 
continuous recording of the absorption at 262 mp. in an L.K.B. 
Uvicord instrument. 

fba first effluent peak A contained traces of" o(, 

gl obulin and the rema1ning p. e. g. which behaved as an inert 
substance and p sed straight through the column without be1ng 
ad rood. 

The peak labelled B on the elution diagram eontained 
the lbumin and the l at peak C traces of' . nd o(, 2 globulin. 

It can be seen that the albumin peak B has a bifid 
coni"iguration. The peak Vi a divide in halt by pooling fractions 
l and 2 as indicated in the diagram. These were subjected to 
paper electrophoresis and the re ults obt ined are given in i"ig . 
34aand • Both fr ctions wore ho geneous on lectrophores1 with 
the exp ate bill ty of' albumin. The interesting f'inding waa1 

~ ho-waver, that f'r ction l (34) travelled slightly further th.an 
fraction 2 (31t~ under identical electrop retie conditions. This 
observ t1on was conf'ir d in subsequent investigations. 

Th presence or o . Olp p. e . g . in solution of prot in 
could be det ct d by the for tion o£ a hit r cipi tate on 



FIG. 33. CHROMATOGRAPHY OF SERUM PROTEINS ON 
C.M.C . AFTER PRELIMINARY PURIFICATION BY 

PRECIPITATION WI TH PE.G. 

Absorption of effluent recorded at 262 mµ 1n 
LKB UVICORD. 

B 

A 
C 

FIG. 34 0. ELECTROPHORETOGRAM OF FRACTION I . 

FIG. 34b. ELECTROPHORETOGRAM OF FRACTION 2. 

t 

Site of application of sample . 
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The classical methods of protein tract1onat1on and 

pur1f'1caUon were reviEt'Wd in several recent publlc~t1ons1' 8, 159. 

These include the wellknown precipitation procedures using 

organic solvents such as ethanol (Cohen) ether (Keckwick and 

MacKay) and acetone (Sumner). The use or neutral salts is another 

well.known procedure and the sodium sulfate method ot Howe 16o is 

still widely used 1n determining the al.bumin-g.).obulln ratios 1n 

serum. Al though method 6 of Cohen et al 161 or 8>d1f1cat1ons 

thereof, 1s still regarded as a ref'erence method f'or the prepara­

tion of various plasma protein fractions-, this method did Mt 

appear -suitable for the present project. In view of the number of 

dUt"erent steps required 1n this procedure, recoveries could not 

be expected to be high when dealing with such small samples as were 

available. Du.ring the lll'8parat1on or dog albmn:ln by llerton 

et al 162 uaing method 6, of Cohen only 1.6 g. of albumin was 

recovered from 4lt-o ml. of plasma. 

The 1.ntroduction, by Petersen and Sober& 163, of the 

substituted cellulose ion exchange resins, proVided a potent tool 

for the tractionation ot protein mixtures. The l!X>st cOllD:)nly used 

resins are the anion-exchangers, diethylam.1.no ethyl cellulose (DEAE) 

and carboJcy'methyl cellulose (C.M.c.) a cation e.1tebanger. These 
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addition a! one drop or the aterial to 5 ml. of Nesslers • 

solution l76. No p.e. g . could be de acted in the samples 

prepared in this way indicating that residual material was 

effectively re ved during the chrom.ntographie p cedure. The 

poss1b lity that p. e. g . might be rendered widetectable by combina­

tion vi th protein w.s excluded by repeating the test after ha'""t 

denatur tion. and extensive enzymatic dig"8 tion of the protein. The 

result was negative. 

COMMENT ON THE PROCEDUR. 

( ffl'HQD II •• ) 

Although reeovariea of albumin by this thod wre onl.y 

6o-70 or the original the procedure had o i portant advantage 

in that the albumin could be separated into two components ot 

dif'f erent ec t?>opboretic mob1l1 ty. Dy hydrolysing and nalys1ng 

these tw components separately-, oif'f e:rences in amino+aeid composi­

tion were re likely to be detected. Tbis practice was, therefore, 

adopted for samples prepared by this ethod from children with 

kwashiorkor and nor als and will be ref'err d to in the section on 

results. 

It is evident £rom the results obtained on 1mmuno 

electrophoresis (fig. 3;) that the prep rations obtained. contained 

only faint !"races of terial in the ol. 1 zone. 

This procedure will be re.terr d to as Method II (P.e .g . 

c •. • c.) in subsequent discussions. 

C. / ••• -



FIG 35. 

Immunoelectrophoresis diagrams of serum albumin prepared by }ethod II 

( P. e.g. C.•.C. ). 
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PREP@ATION QF ALBUMIN :§I PflECJPITATION 
TfiICHLQR CETIC ACID. 

M?,tHOD ;tII. 
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Method II based on preliminary fractionation with poly­

ethylene glycol gave satisfactory preparations with regard to 

homogeneity but as already discussed yields were still low. It 

was decided to investigate additional methods for the preparation 

of albumin in order to obtain near quantitative recoveries of 

album1n :from the samples of serum. This appeared to us to be an 

important consideration as preparations obtained in low yields 

could selectively exclude those zoolecular species or albumin in 

which demonstrable variations in amino-acid composition might be 

-, present. 

Recently several -workers observed that albumin was soluble in 

certain acidified organic solvents, whereas globulins "18re not. 

Delaville et al l77 appear to b8 the first worke.rs to make this 

observation. At about the same time Levine 178 noticed that bovine 

albumin prec1p1 tates obtained in 5 w/v aqueous tr1cbloracet1c acid 

wre soluble in acetone, methanol and ethanol but not in the higher 

alcohols, nor in benzene, dioxane, ethyl acetate, nitrobenzene, or 
carbon tetrachloride. 

The 1~pl1cat1ons of these observations were realised by 

Schwart/ ••• 
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hwert l79 who applied this principle to the preparation of albumin 

from serum nd examined the phy-sicochemical properties of the 

product so obtain d. 

Debro et al 180 described a matbod fo.e measuring tbs 

albumin-globulin ratios in serum using the tricbloraeetrio acid 

procedure and bis results showed excellent agreement with those 

obtained by the classical moving boundary procedure suggesting that 

quantitative recoveries of lbumin could be obtained by this 

procedure. allance Owen et al 181 dified the procedure used by 

Debro 180 so what and used this thod to prepare albumin for 

biological studies. Michael 182 recentl gain investigated these 

o servat1ons and desoribed the solubility or albumin in different 

combinations of acid and o an!c solvents. He also studied the 

pbysico-che 1ca1 and antigenic properties of the preparations. 

rom the results or these rkers, 1 t was evident that 

albumin ho geneous on ultracentrifugation and electrophoresis 

could be obtained by ethods employing this principle. Furthermore, 

it ppeared as if this somewhat revolutionary and harsh treatment 

of a complex protein lecule produced no unto rard effects on the 

phys1co-ehemical or antigenic properties of the p~eparation. 

In the ethod ot Michael 182 the globulins are precipitated 

fro solution by the addi.tion of acidified ethanol. The albumin 

r tained in solution is then precip1 ted by neutralisation or the 

solution and shed dth ethanol and ether before drying over P205. 

his/ ••• 



This procedure proved to be uns tisfactory in our experience as 

the dr!ed protein railed to dissolve properly. The ethod 

described by Vallance Owen et l 181 in which the albumin and 

globulins ,rere both precipitated in aqeous trichloraeetic acid 

followed by dissolving the precipitated album1n in ac1d1f'ied 

ethanol~ was fina1ly adopted. 

METHOD . 

l . Trichlora.catic acid, 10~ w/v de up in deionised ter. 

2 . TTichloracetic acid ''° v/v in deionised at.er. 

3. Trichloracetic acid l' w/v in 96J aqeous ethanol . 

98 

To serum at room temperature was added an equal volume or 10 tr1chlo acetic acid. After thorough miXing, the solution 
was allowed to stand f'or 10 minutes followed by centrifugation 
at 28oo r . p. m. ror 15 minute~ . The supernatant s discarded and 
the preoipi tate washed li1 th 5!' triehloracet1c acid. The washed 
precipitate resuspended in l tr1chlor cetic acid in 96~ 
alcohol to dissolve the albumin. · The undissolved gl.obulins re 
re ved by centrifugation an ·the supernatant, containing albwnin, 
dialysed against several changes of dist. H20 for !+8 hours at 
4° C to reDX>ve the trichloracetic acid and alcohol. A heavy 
precipitate formed during the first rew hours but disappeared 
later, leaving only a faint precipitate after 48 hours. The 
solution was f'inally clart 11'1ed by centr1.fugat1on nd concentrated 
by pervaporation. Recoveries ot albumin by this procedure varied 
bet en 80 nd 90 in our experience. 

ru.wt;rophpret1c Pr.gpertiu Qf T.C • • preuared ;al!m,m;LQ. 

Paper electrophoresis at pH 8. 6 revealed single peak 

wittv ••• 



FIG. 36. PAPER ELECTROPHORESIS 

OF HUMAN SERUM ALBUMIN 

BY THE T.C.A. METHOD. 

t 

DIAGRAM 

PREPARED 

FIG. 37. IMMUNOELECTROPHORESIS DIAGRAM 
OF HUMAN SERUM ALBUMIN PREPARED 

BY THE TCA METHOD. 



99 

the ext,eeted bill ty or b n. The s no evidence of 

den tured teri 1 re n1 

ple (f'ig. 36). 

t the si of pplication or the 

in ol l posi tio but these ppeared t.o be quantitatively' 

insign.ific t (!1. 37). 

QOMMEUT. 

The elegance of the thod and the high yiel s of 

albumin obtained in eleotrop retica 1,y ho geneoua for were 

1 portant advan es. In addition this ethod can be used sat! -
srn,I\ 

factor ly o ·"samples or ser nd ha eleterious effect on 

the albumin so prepar d. T e obs r tions of ubin et al l83 

ho sho d that s l pepti es re spl1 t off the lbumin 

lecule at lo plI values, 

n i ther hwr t l79, nor Mic 

r a urce or concern. Hawver 

1 182 could d nstrat any 

al erations in the physicocl mical or antigenic properties or 
albumin after tre t ent th tr1chl racetie acid • 

.................. 
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CHAPTER VIp;. 

INTRODUCTION. 

l 0 

The numerous and formidable di.rficul.t1es attending 

arnino~aeid analysis or complex mixtures obtained during the 

hydrolysis of proteins, are attested to by the vast literature on 

tho subject. Until the development of suitable chromatographic 

procedures by Moore and Stein the main athods used vere: -

1. Qhgmigf!}:: 

These depended on purely chemical procedures consisting 

either in isolating and -ighing the individual aminofacids or 

causing them to react specifically with a compound to form a 

coloured product which could be asured photo trically. 

The use 0£ speeif'ic precipit nts tor the isolation of 

individual amino~acids ,vere discussed by tein and ~bore 193. 

2. J:hxa!cg...ChemicaJ.: 
The classical example in this category io the isotope 

dilution technique or Shemin and Foster l9+,. This method or 
estimating given am:tno•ac1d 1n a protein depends on adding to 

an hydrolysate of the protein a def'in:Lte amount of a pure prepara­

tion of the am1no:.ac1ii containing a known pereentag of Nl' and 

then to determine the proportion or labelled to unlabelled Nin 

a pure specimen of the amino•aeid isolated from the hydrolysate. 

Although/ ••• 



Although ccurate, t cost of' labelled tarials and the 

necessity for 1solat1ng each aminoracid 1n pure form prevents 

thi thod from being generally a pted as a routine procedure. 

tbods ased on the require ents or certain b ctari 

101 

for s cific amJno- eids have been sue essfully employed in 

nofacid analysis and are rev1ewd by nell 195'. This .... thod is 

sensitive but requires vigorous control and xperience s the 

growth or living rganisms is subjec to numerous extraneous 

inf nces ch are not al s predict ble. 

I most or the mo ern metho s of amino-acid analy is, 

the amino• c1d in pro te1n hydroJ.y te are f 1rst separ tad by 

chro togr phic p edure on columns containing uitable ion 

exchange resin. T separated amino~acids in the ef luent stream 

e then asured ya photo tric procedure baaed on the blu 

colour for in the reaction between oL amino- acids and ninbydrin. 

In this ction on ami - ac a arm sis, the ninhydr n 

action· 11 be ascribed first, s stan ardisation oft 

chro tographic proce ure is based on this re ction. 

HF/ ... 
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Tim NJ.Wm)BIN RE C IQN. 

'the bl.ue coloured andproduct obtained in the reaction 

between aminol-acids and ninbydr1n ( triketohydrindene hydrate) for-_ 

the basis for 1?10st of the colorimetric procedures used 1n the 

quantitative estimation or nmino--ae1ds today. Although the 

sensitivity of the reaction for qualitative work is -well know, 

early workers had great difficulty in rendering the method 

quantitative 18lt, 185. These difficulties appear to result pr1-

11Y f'rorn the presence of dissolved oxygen in the reaction 

mixture and yields can be 1.Mr sed by perfor ing the reaction in 

sealed tubes evacuated to 20 mm. 186• By the a-ddi tion of strong 

reducing agents the side r actions due to oxidation can be avoided. 

Ruheman 187 initially used hydrindantin, the reduced form of 

ninhydrin, but subsequently changed to stannous chloride. Ascorbic 

cid ms found to be unsatisfactory as coloure condensation 

pro duets re !'or d with the aminoJ.a.cids 188. Earlier l«.)rlt a1so 

established that the reaction is not .specific !'or o<.. amino.lacida 

but coloured products are also :formed Tith peptides, proteins, 

mino sugars or other substances possessing free amino groups 186. 

Buheman 18? and subsequently Moo-re nd Stein 186 studied 

the action b t'Ween <» amino4ac1ds an ninbyorin and isolated the 

blue/ ••• 



blue compound to hich uheman 18? signed the structure of 

diketohydrindylidene d1ketohydr1nda e. 

ig. 38. 

n '-. .--II 
0 

0 
n 

0 
-/ 

The re ction is thought to p oceed as outlined in 

103 

lated crystalline alt 

or this blue co poun is at 570 m p., the s as that or the 

reac~ion mixtures of 0(.. amino acids vi th ninbydrin 186,. 

The raactio bet en n1nhydr1n and hydroxyp 6une d 

with~proline as 1nv stigated by Grassman and Von nim 189. T 

c mical structur or the yello coloured product !'or d by these 

two amino cids s elucidated by the~ wor rs 189 who proposed 

structures l d 2. 

1 2 

rr-Z~Q~~ 
~ N "1,JJ 

0 0 

mtjffi 
~N rv 

0 0 · 

w ... 



FIG 38 THE NINHYDRIN REACTION 

Ntz f 
R.CH-C-OH 
amino acid 

NH 0 
II II 

R C-C-OH 
imino acid 

R.C10 + CO 2 

R. g-~-OH 

keto acid 

hydrin dant in 

o- 0 
I ~ 

--C C 
C-N= C/ 

c/ 'c -~ 
! II 
0 0 

anion of diketohydrindylidene-diketohydrinamine (DYDA) 
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In the photometri~ procedure described by Moore and 

Stein 186 stannous chloride was used s the reducing agent. These 

"WOrkers determined the colour yields from at. amino~ cids and other 

ninhydrin positive substances and found tbat the colour yields for 

all amino ,· acids were not the sa. • For example~ when expressed on 

llk)lar basis relative to leucine colour yields from lysine re 

l2 higher and aspart1c c1d 12 lower. In the c se of hydroxy­

proline d pro1ine, the yields o£ the yellow coloured products~ re 

only one-seventh and one-fourth respectively of those obtained with 

n equimolar solution 0£ leooi.ne. The absorptio 

products were found to be t 44o P• 

ma other 1 port nt observations ere de. 

gives no colour with ninhydrin unless bydrindantin 

is presen 1n th r agent lution. lf.aXimum colour yields for 

ammonia therefore dopend on tbe presence of an adequate concentration 

of hydrindantin~ During th oxidative deamination or amino acids by 

ninhydrin, l equivalent of the reag nt is r duced during the reaction 

to for cydrindantin. Ammcni itself cannot arrect this reduction. 

·-. ............. ,. colour- yieids for all am:.tnoracids except 

tryptophan are obtained t pH ,.o. In tho e se of the l tter the 

opti urn s t pH 6.o. 

In/ ••• 
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In 19,1+, Moore and tein 190 described a nJ:>diried reagent 

replacing stannous chloride by an excess of eydrindant1n in the 

reagent. lthough the reagent was less stable, the troublesome 

precipitates encountered during the original procedure were 

avoided. The use or a strong reagent buffer eliminated pH 

adjustments of the ei'.fluent fractions prior to analysis. Colour 

yields ware still below the theoretical obtained by performing the 

reaction in a predominantly organic solvent l91, but recoveries 

were reproducible .. The ninhydrin procedure, adopted in the present 

study, was based on the modified reagent using hydrindantin instead 

of' stannous eh1or ide. 

METHODOLOGY. 

REAG S: 

1. N!nblgx1n,:• British Drug Houses, A.R. ?tinhydrin was not 
recrystallised before use. 

2. H~~dan:t.tn:- Prepared by r~duction with ascorbic acid as 
descr bed y k>ore and Stein J.YO. The prepared reagent was 
dried and stored over ~o7 in a desiccator kept 1n the dark. 

M@thy;l, Cell.Qsolvi: (2 Methoxy-Ethanol) B.D .. H. Technical grade 
reagent. Each bottle was tested for peroxide content. It was 
soon discovered that the blank values obtained varied from 
batch to batch - Table VI .. 



I. 

Blank values obtained on ammonia-free distilled water 
with dttterent batches ot ethyl eelloso1ve. 

B.D.H. technical grade 
Methyl cellosolve: 

Batch Nq. 63596o 
753~,o 
696950 
659810 
468520 

rck's technical grade 

Batch No. 616o 

May and Bakers Technical 
Grade. 

RAtch No. 67006 

Blonk Values 
Colori:neter Units. 

55' 
lt-01 

84 
65 
98 

79 

81 

106 

Blank values remained high even atter distillation under 
reduced pressure following treatment with cation exchangers, 

2 O.. Ha252oc;- or Cao. The ethyl eellosolve used as, therefore, 
selected by screening each batch .ror suitably low blanks. 

Jacobs 192 r cently recommended dist111ation of ·the solvent 
after addition of 10 ml. of a solution containing 50 g. FeS04 + H2o 
1n 100 ml. 2NH2SOI+• 

l+. Ethanol 5'0 v/v in dist. ~o. 
Used as a diluent for the coloured co ple.x. 

5. 4N. dium Acetate Buffer (pH ;.5). 
To 2 Litres of dist. fi?O, dd 2720 g. or · O.AC.3H20 (A.R.) 
and stir on a steam baih until solution is complete. Cool to 

roo!Q/ ••• 
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room te pe ature, add ,oo • of glacial acetic acid, and make 
up to volume of 5 litres after pH adjustment. 

20 gram of -1nh,ydrin and 3. 0 gram or Hydrindantin 
dissolved in 750 mi. of'" ethyl eellosolve 1n a dark reservoir fro 
which the air bas been displaced by nitrogen. Add 250 ml. o! 
pH 5.; ac tate buffer and sto e under nitrogen. Sufficient r.e<i.jen+­
was pr par d for 48 hours supply in st experiments. 

COLOR! OCEDURE. 

s a gene al procedure colour develop nt s carried 

out as follo s:-

To l ml. or the standard or unkno solutions 1n a test 

tube was dded 1 ml. of ninhydrin reagent using a burette. Af'ter 

shaking for 1-0 seconds, the tube transt' rred to a bolling water 

bath and left :for exactly fifteen minutes {stop watch). The 

reaction m:1.Xture w s then diluted with ; ml. or 50 aqeous ethanol. 

The contents re allowed to cool to room temperature and then 

shaken for half minute to oxidisa the excess hydrindant1n before 

reading in a suitable photo-electric color ter. In our expari-

ents a Klett-Sunt er.son instrument was used. When analysing 

effluent s mples tro the chromatographic columns, analysis wre 

perfo ed 1n batches of 25 by using removable copper raeks which 

fitt d the waterbath exactly. With a ch alternate set of twnty-

five effluent fractions, standard no cid solution or known 

composi t1on/ • • • 



composition was examined in uplicata as check o the colour 

yield of the n1nhydr1n reagent. !hen yields were below the 

cted value the reagent w s discarded and a !'resh solution 

prepared. 

10 

a. Dete;cminatiszn of ,s!l!@Qfp.tion spag tra, pf the niM.tdrin epmnleXft§• 

Fig. 39 sho s the absorption spectra of different amino• 

cids, at varying concentrations, as deter ned in a Beck."tlan Model 

DU pee to photo atar. In acldi tion to the ain peak t 5'70 m fl 
there appears to be seaon peak at ap roxi ately ~00 p bet 

demonstrated at higher concenwations 01' a The sharp 

increase in absorption below >+oo mp. is due to the reagent itself. 

The absorption paak of praline 1s poorly resolved and a maximwn 

could not be ccurately established. 

b. 

90191:i teri 

A tilter with aximum transmission at 570 )l could not 

be obtained for th.a Klett Summerson instr -nt. As the coloured 

complex bsorbs over a 'Wide range v1 th at 5'70 mp. and 

th curve i sym.'lletricai, the uit bility of a green filter with 

peak transmission at ;4o mp. was in~estigated. 

The ratios between the bsorption or the co1oured complex 

'ti ••• 



FIG. 3 
SPECTRAL ABSORPTION OF AMINO ACID - NINHVDRJN 
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FIG 40 
SPECTRAL TRANSMISSION OF GREEN COLORIMETER FILTER 
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at 540 p. and 570 p was therefore determined 1n the Beckman DU 

pectrophotometer. See table VII. 

TABLE !II. 

Ratios between absorpt1on or different amino acid f 

ninhytlr1n complexes at 540 mp and 570 mp 

Amino cid. 

Aspartic Acid 

Arginine 

Phenyl alanine 

Threonine 

ucine 

Ratio. 

2:tQ. m p. 
5'70 

0.795 

o.ao; 
0.813 

0.788 

0.798 

It is evident that the ratios are remarkably similar ror 
different amino ci s and that the absorption at ,4o m p is about 

80 of the maxim t '570 m Jl• This wuld an that by measUl'ing 

the coloured complex at ;4-o µ instead or 570 p tb sensitivity 

o.f the thod would be decreased by approx1 tely 20 • 

In or r to test the ttic iency o.f the green .f U ter as a 

source/ ••• 
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source of monoc omat!c light in the elength range 540 m p , the 

transmi_ssion spectrum of the filter was determined in the Beckman 

model DU spectrophoto ter . 

It can be seen from f'1g . 4o that the transmission Clll"Ve 

of the filter is symmett-1cal with a maximum at ;3, m Jl• A& only 

light of velengths between ;oo and 600 m p. is transm1 tte-d, 

unpredictable results due to nonspecific absorption slx>uld not 

occur. lthough the sensitivity of the tbod wuld be somewhat 

redooed, there appeared to be no other theoretical objections 

provided that those amino acids occurring at lowest concentrations 

1n the albumin lecule ooUld be accut'ately measured on the 

quantities of protein usually analysed in the chromatographic 

procedure . 

&rs:no a91gs: -
All amino aoids were Laboratory Grade Chemicals obtained 

fro .D. ll. Before preparation ot tandard solutions, tbe 

ehe cals ere dried to constant weight over P2 7 in a vacuum 

desiccator . 

tock solutions ve~e prepared in o.8 N. HCl (ammonia-free) 

and contained between 5 and 10 micro les of m1no acic/ml. 

Dilutions or the stock preparations were made to give :tinal 

concentrations in the range o.o.4 p. le$ per ml. Each dilution 

was/ ••• 
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FIG. 41 
STANDARD CURVES FOR SOME AMINO ACIDS 

DETERMINED BY THE NINHVDRIN REACTION. 
( reaction volume 7 ml) 

-lysine. 

-leucine. 
-tryptopha n. 
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)J moles of ~mino acid 

FIG. 42 
STANDARD CURVES FOR GLYCINE AT DIFFERENT 

MIXTURE, DILUTIONS OF THE REACTION 

a final volume 7ml . 
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analysed in tr1pliea.te by the nirihydrin prqe dure d scribed 

and the optical density measured in the Klett- er son colori eter 

using the green tilter (,1+0 mp). Appropriate solvent blanks were 

carried through w1 th eaeh exper nt. The standard curves obtain d 

on represent tive amino acids are given in fig. 41. 
It is evident that Beer• la is obeyed for concentrations 

up to 0.35 p. les in a final reaction mixture of' 7 ml. At 

higher concentrations, there is a davi t1on fro the straight lln 

rel tionsbip but by diluting the re ction ture o final 

volume or 10 • th 1near:ity of' the curve is re-established 

(fig. 42). I 11 cases :where the optical density eeded ltoo 

colorimeter uni ts, fu.rthar dilutions were de using appropriate 

correction !actor when calcUlating the results. 

Fro the slopes of the tandard curves (fig. ltl) it 

beco s evident that the colour yields for different ino acids 

are t the .. 
The yields obtained fro the dit"f nt amino aa.1ds, on a 

lar bas! relat1v to leucine, are given in table VIII and 

compared with the results obtained by ieore and te1n l90. Good 

agree nt 1s .show generally between the pre ent results and tho.s 

of the above authors. T are, bowever, signif'icant dii'ferences 

between the bJD set of' figures in the case of p ollne, glutamic 

acid/ ••• 



FIG. 43. 

u.u.11&,1,V ~aimio pa: chromato,J:ttal>21V of a~L!ldlu:d 811WOO acida 

in tanol - C • Hf• 



acid, lysine and phenyl alanine. All the amirx> acids wre 

checked for purity by paper chromatography" (see fig. 43) and in 

each case a single ninhydrin positive spot was obtained. 

The n1 trogen content of the amino acids determined by 

KJeldahl estimation agreed with the theoretical in each case 

where discrepancies in colour yields were found. Altbough slight 

ditterences are to be expected in ditf'erent laboratories, the 

reason for the s1gn1t1cant differences encountered could not be 

explained. 

WW··· 



Colour Yields or dif' erent amino acid 
on a molar basis lative to leucine. 

olour Yield 

ore and tein190 esent Author. 

partie cid 

Thro 

rine 

Glutat:lic acid 

ol ine 

Glycine 

Alanine 

lf cystin 

V line 

tbionina 

Iso 1 ucine 

Leuc n 

Tyros ne 

henylalanin 

Lysine 

st1dina 

rg1n.ine 

T yptophan 

• 

o.94 
o.94 
.9, 

0.99 
0. 22; 

0. 95' 

0. 97 

o. '55 

0. 97 
02 

1. 00 

1 . 00 

1 . 00 

1.. 00 

1. 10 

1. 02 

0. 97 
1. 01 

o.94-

o.96 

0. 9; 

0. 96 

1. 06 

0.35 

0 . 96 

1 . 00 

0. 59 

1. 01 

1.02 

o. 99 
1. 0 

1 . 00 

o.~ 
1. 16 

1 . 01 

0. 98 
1 . 02 

0 . 93 



m; COLJll·!r . CffROMATQGRAPHY ON . ION EXCHANGE fiESij~§. 
I 

The first attempts t quantitative analysis of the a!?lino 

acids in pr.otein hydrolysates wre made by Stein and ?bore 196 

using starch columns. This .procedure - a · sti ula~ing advance • 

l acked adequate resolving power and uf'fered fro the additional 

disadvantage that traces or soluble material off the starch 

columns interfered ~th subsequent photometry. 

In 194-9 Partridge 19? introduced columns or Zeocarb 215 

ion exchange resin for the fractionation of protein hydrolysates. 

In a subsequent report Moore and Stein 198 described the use or an 

·eight per cent crossllnked sulphona ted polystyrene resin {Dowex ;o) 

but later changed to the 410 croaslinked resin (Do-wex 50 x 4) which 

had the advantage or resolving small peptide as well l99. The 
• 

main disadvantage of the Dowex resins was the fact that the 

manufactured product varied fro batch to batch, which created 

serious di.f'ticulties during standardisation or the procedure. 

·iarkedly improved results were obtained 'With berl1te 

(C.G . 120) a .finely pulverised sulphonated polystyrene resin 

(8p crosslinked) 200. Hamilton 201 described an ingenious method 

:f"or separating the crude resin int..o frac tiona of different particle 

size and demonstrated that resolution could be improved by using 

resins of uniformly small particle size. At the ame time Spackman 

et al/ • •• 
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et al 202 described an apparatus whereby colour development is 

automatically performed w1 tll continuous recording of the effluent 

stream. The method adapted in the present study was basically as 

described by I-bore and Stein 200 using Amberlite c.G. 120 

fractionated by Hamilton's procedure 201. 

In this thod the · acidic and neutr am.no acids are 

aepara ted on a column 150 cm. in length while the basic a:rnino 

acids are determined on a colUltln 15 c in length. 

~e12s1r5.t1on of the esint 

mberlite c.0.120 was obtained from llnkrodt Chemical 
:orks,- Ne York, u.s.A. One pound or the dry re in s suspended 
in 10 ll tres of H20 1n a large beaker and allowed to settle tor 
6 hours. •ine particles remaining in the supernatant re removed 
by decantatio end this proeeas was repeated a few times.. The 
resin a then ed on a Buchner funnel with 2 litres of l+N.HCl 
followed by ;co ml. of H?O or until the fil tra t s neutral. The 
moist resin was su pond.ea in 2 ll tres o£ 2 • OH and heated on a 
steam ath tor l bour. Ir the supernatant turned rkedly yellow 
this step s repeated. T}l..e treated resin was finally shed with 
ff20 on a Buchner funnel tU1t1l neutral and stored in 0.2 N .. NaOH. 

The resin was tractio ted in an ppara us b sed on the 
de ign of Hamilto 20l(fig.44). 

Deaerated water at constant temperature (2,0 20) is 
passed upwards through a separatory funnel conta1n1.ng the crude 
resin to be fractionated. The flow :r te can be djusted by ans 
or needle valve connected to a flow tar. The effluent from the 

top/ ••••• 



• FIG 44 HAMILTON S HYDRAULIC 
FRACTIONATOR FOR RESINS 
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top of the separating funnel 1 collected on a Buchner funnel to 
which slight suction is applied. By stepwise increase of the 
flowrate the resin can be fractionated as at a particular flow 
rate only particles or a certain dimension will remain suspended 
and be earried over with the effluent which is collected on tha 
Buchner funnel. 

In the design used in thG p esent investigation, the 
temperature or the tap vater was controlled by passing 1 t through 
glass coils submerged in a thermostatically controlled water b th. 
For each alteration in flow rate the ta perature of the "Waterbath 
may ve to be re-adjusted to enstll"e that tho contents o'f the 
separating funnel remain at the correct per ture. 

The dimensions or the particles obtainad at di.tferent 
flo rates are given in table IX bas d on the findings or Ha l ton20J.. 

Fraction. 

A 

B 

C 

D 

Dimensions of tho particle in the fractions 
obtained at different flow rate~. 

Water f'J.ow ml./min. 
(2 litre runnel) 

,o • 
,'O-llO llll.. 

uo-28o 

Particle 
ze. 

25 
25'-30 

40 :!: 7 

Use. 

Not used. 

.R. 15' & 50 e • 
columns. 

. R. 15'0 C • 
columns. 
".c. 15 & ;o em • 
.:.olwnns • 

. c. 150 ems. 
columns. 

A.R. Automatic recording appar tus. 

F.c. nual method by fraction collection. 

s/ ••••.• 
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As tap water 'Waa used in tbe :rractionation procedure the 
resin was tre ted again by washing it HCl and NaOH • 

.. 
~ .;;.;;.i-......,...i;,,a;;i-.....-....;;,;..-..iw11;,;;;:;;;.;i;;;;;;.;111,• 

The Chro tograph tubes re ade of pyrex glnss 0. 9 cm. 
in dia ter vi th sintered glass disc of porosity grade II fused 
into tho tube 1. 5 cm. fro its lower nd. The tube to hold the 
15'0 e • col asured 158 cm .. rro the sintered glass pl te to 
Bl9 gr-0un glass joint ti tt d at the top hile the total length of 
t he glass tube to contain the 15' c column was 25 cm. . · ch 
column a fitted with a water jac et 2. ; c • internal diameter,. 
fused to the chromatograph tube at either nd. The jackets wre 
titted with inlets and outlets which war connected to a thermo -
tatically controlled water bath. The lower ends of the columns -were 
not constrict d but cut away t an angle of ~50 to prevent 
eddying in the arr1unt strea and resultant admi.xture or fractions. 

Before use the columns re cleaned by soaking overnight 
in a saturat d solution of KOU in a eous ethanol 96 v/v followed 
by exhaustive washing with dist. H20• 

For this column, .fraction C (Se table IX) was used. 
The resin was equilibrated with citrate buff'er {0. 2 1, pH 4 . 2;) 
without B.R.I.J . or th1od1glyeol (see table X for prep at!on and 
composition of buff'ers) . pproxi tely 100 ml. or settled 1.'esin 
is required fore ch 150 cm. col This vol e of resin was 
suspended in twic it volum of pH 4 . 25 buffor and divided into 
six ee tions of equal length. 

The column w. s unted on a fra attached to the bench 
and properly alligned in a vertical plane by means of a spiX'it 
level. 

~ter re suspending the ettled re in the first section 
is poured using a runnel and w1 th the outlet of the column closed. 
Tha outlet is opened after allowing the resin to settle to he1ght 
or 2 cm. Pressure or 30 .m. mercury is then applied to the 
column from a nitrogen cylinder, fitte with a reducing valva and 

connected/ ••• 



11 

connected to the column by . a length or rubber tubing pa sing through 
a no eter. Pressure is maintained until this section of resin 
bas completely settled. The next section is poured ldlen 
pproximately 2 cm. of .supernatant buffer is lef't on the surface 

of' the r sin. In this way the column 1 poured in 6 sec t1ons with 
final ight of pprox1mately 155 c • to llow for subsequent 

settling of' the resin. The last two sections are poured after 
titting an extension tube t-o the top of the column. 

15 cm • . colymn: -

:-foore and tein 200 reco ended the fraction of' resin 
obtained at flow rates between 110- 280 ml.. /min. {C) for the 15 c . 
colwnn operated by the manual thod. In our experience, fraction 
B1 reco ended for the auto tic procedure, g ve better results as 
W111 be discus ed later an this re in rrac tion s used. The 
column is po~ed in single section through an extension attached 
to th chromatograph tu after equilibr tion 0£ the resin w1 th 
pH 5.28 buf!"er . 

freparpti9g o, Bytter§:-

The composition or the citrate buffers used in the 
operation or the lS'O and 15' cm. col w e as d seri d by 
Moore and tein 200 ( ee table X) . 

·Buffers were store at roo tem.peratur in polythen 
containers. Phenol proved to be an errect1 e preservative as no 
contamination ot buf' ers by microbial or fungal gro ths occurred 
even on prolonged storage. 
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Composition of the c1trat buffers used in the 
operation of 150 d 15 c col • 

Citric Na HCl. 1n l 
pH. Concentration Acid. NaOH. (cone. ) Volume Phenol .. 

N. 1120. g . ml. Litr s g. - . 
1.2; 

0. 01 0 . 2 420 165' 213 20 20 

lt. 25 
!0. 02 0 . 2 420 16; 9+ 20 20 

i-28 
_0 . 02 0.35 lt-91 288 136 20 20 

Phenol was red1st1lled and added to the butters alter the 
final vo1ume h d been adJustea. lytical gr de reagents r 
used throughou • 

1'he pH of th 3 . 25 buffer should carefully adj tad 
and re~ tedly checked during the fir t ek art r prep r tion. A 
R dio ter del Pl- instrument s . used and the opttmal pH for 
co 1 te paration or alanine, cystine and valin was f'ound to 
3. 2~ with the columns used. 

B.R. I . J . •32• 
To permit faster flow rate without exc ssive pressure 

havi to b applied to the col detergent B.R.I4 J as 
added to the eluent s de ribed by ttx>re nd te1n .i.9 • Tb 
chemical was obtained r .rotn Fierce Chemic l Company, Rockfor!lt 
lll1ono1s and prepared as a 33% w/v lution in 1st. H20 wmoh 
was added to the buf:tars after bolling; 0. 75 • or B.R.I. J. or 
ach 100 • ot buffer. 



FIG. 45 
FRACTION COLLECTING SYPHON WITH 

CONDUCTIVITY ELECTRODES . 

a 

q b 
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·--c 

b 

a Effluent from column. 

b Leads to fraction collector circuit. 

c Platinum electrodes. 

d Mercury bridges. 
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XbJ.Qdig1.Ys2J.: 
To prevent losses of ethionine through oxidation, 

thiodiglycol was added to the pH 3. 25 and 4- . 2, buffers (1 ml. per 
100 ml. of buffer) before use. This chemical was obtained from 
British Drug Houses Ltd. and redistill d under reduced pressure . 

tAS~ign Collegtor: 

The fr.action collector used was constructed 1n the 
Department and the revolving drum deslg ed to hold 200, ;t• x 1 

pyrex test tubes. The motor driving the drum mechanism was 
activated through pulses from. the syphon £eed1ng into time relays 
in the circuit. 

T principle of the syphon used is de nstrated in 
f'ig . lt-5 nd was construoted in the departm.ent. Electrical contact 
was established by ans of the two platinum wir s when the 
electrolyte containing buffer reached the level or the upper wire . 
The sypb.ona wre constructed to deliver a volume of between 1.4 
and 1. 5 ml. 

ractton eoJ.lwc:tQr tubeg: 

Moore and Stein l96recommended the use of properly 
matched photo-electric colorimeter tubes both in the traction 
collector and for subsequent colour development and re dings in 
the colori ter. Although th1 is convenient and ti saving, 
this can be expensive due to breakages and scratching o,r the 
colorimeter tube . 

;'l x pyrex tubes were found satisfactory in the 
pr-e ent experiments. The colour reaction was performed in these 
tubes but readings were taken after transfer of the contents to 
a photo electric colorimeter tube . 

QPERAT!Oli Q THE CQJ:m! • 

Ag;embly or tae APparakY.§: 
The apparatus was assembled and unted over the fraction 

eollec tor as shown in the diagram tig. 46. The buffers for 
immediate use were stored in 500 ml. separatory funnels Wlder a 

layer/ ••• 



FIG. 46 

ARRANGEMENT FOR EXPERIMENTAL 

MOORE AND STEIN CHROMATOGRAPHIC 
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layer of liquid paraffin. In the case or the 150 cm. column, the 
funnels containing the pH 3.2; and 4.2, buffers respectively were 
connected to the column by lengths of po1ythene tubing through a 
two way stopcock as indicated 1n the diagra • The 1; cm. column 
was mounted next to the 1$0 cm. column. The waterJaekets around 
the columns were connected to thermostatically controlled water 
bath and water circulated through these by eans of a small 
centrifugal pump. 

QPER XIQN OF THE COLUMNS. 

150 SU!t QolumJu 

Before use and after e ch run, the resin in the column 

was regenerated by allowing approximately 200 ml. or 0.2 Ji llaOH 

con 1n1ng B.R.I.J. to run through undel' gravity. The NaOH 

solution was stored 1n a ;oo ml. separatory funnel fitted with a 

soda•llm.e trap to prevent uptake ot co2• The column was re­

equilibrated for use by p ssing through it al:Jout 120 ml. of buffer 

at pH 3.25 either at room temperature or at 50° C under slight 

pressure. 

Be1"ore each run, the separatory f'unnels re filled with 

the appropriate buffer brought to a boil just bef'"ore addition to 

th reservoirs through long•steill? d funnels. B.R. I.J. and 

tbiodiglycol were added after boiling. This procedure is required 

to deaerate the buffers, which prevents the for ation of air 

bubbl.es in the resin bed when the buffers are h ated to 50°. The 

water bath and pump for cir<:ulating ter through the jackets 

around the columns ra started pproxim.atel.y l hour before appll• 

cation of the sa ple and the temperature was maintained at ;o0 c 



throughout the procedure. 

The layer of buff'er on top of the resin as withdrawn 

with a paateur pipette and the sample containing the uivalant 

of approXi ately 1 mg . or protein applied by means 0£ e. l ml.. 

volumetric, mark to mark, pj.patte. The sample was allowed to run 

1n w,,der gravity and washed down with two aliquots of buffer or 
pproxi.mately l Illl.. each tro1ll the pH 3 . 25 reservoir. A pasteur 

pipette as convenient to:r: this purpose. The residual ;;>pace on top 

of the resin was then .filled with pH 3. 25 buffer and the reservoir 

containing pH 3. 25 buffer connec tad to the column through ground 

glass B 19 connections. Pressure or 21+ cm. or mercury was applied 

to tb.a eolUl'!ln from a nitrogen cylinder connected by a length or 

polythene tubing to the reservoir. t this pressure, flow rates o:f 

15 ml. per hour could be obtained. 11 stopcocks were fitted with 

spring clips to prevent leakage when pressure was applied. 

The effluent was collected in fractions of approximately 

l .4 - 1. 5 ml. 

ore and Ste1n200 reeo ended that the eluent buffer of 

pH lt- . 2, should be introduced at a time designed to allow valine to 

e rg with the new bu.fte-r.. This practiee was initially adopted 

but the emergence of the new buffer usually produces a peak in the 

baseline which overlaps the valine peak~ making accurate assessment 

of/ ••• 
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of the baseline tor vallna extre ely difficult . The change over 

s therefore de slightly later, allo-wing valine toe rge 'With 

the pH 3. 2; butter, when the peak due to the pH 4. 25 buf'fer front 
appears between va1ine and methionine. see fig. 1+7. 

The basic amino ac1ds were eluted w1 th buf'f'er of pfl 5. 28 

at ;o0 c. The sample was applied in the same way and the column 

operated at a pressure of 20 cm. of mercury. As pointed out 

earlier the resin traction B gave better results than c. With 

the coarser resin the arginine peak tended to be markedly assyme­

trical, with a broad base, whereas with 'the resin of' smaller 

part ele size a · trieal and aharper peak could be obtained 

(fig . 48 a., b). 

The basic column n d not be regenerated w1 th NaOH in 

between runs as no amino acids are retained on the column with 

the pH 5. 28 bui'fer. 

FJrfERIMENTAL NQTE§: 

The resolving power o£ the 150 e?D. col 1s deoonstrated 

in f1 . 47 which represents the ef.tluent diagr obtained on a 

hydrolyeate ot albumin from a patient with kwashiorko:r . It 1 

evident/ ••• 



FIG. 48 
ELUTION DIAGRAMS OF BASIC AMINO ACIDS WITH RESINS OF DIFFERENT PARTICLE SIZE. 
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evident that comp1ete separation between different amino acids 

could be achieved, which eliminated the need for extr polation 

ot peaks for purposes or calculation. The tw arrows on the 

effluent diagram indicate the point of change over from pH 3. 2; -

lt-. 25' buffer and the emergence or the pH 4.25 buffer front. The 

peak produced by the pH 4. 25 buffer front does not overlap any of 

the a no acid peaks and settles to a new st eady baseline before 

methionine is eluted. The blanks for the peaks up to val1ne wre 

t ken as the verage of the baseline before and after each peak 

hile blanks tor the amino acid pe e rg1ng ter v line re 

obtained from the baseline values following leucine . Average 

blank valu s obtained ranged bet en 38 and 45 colorimeter un1 ts 
in st experi ents. In the e se of the 15' cm. column, blanks for 

lysinet histidine and ammonia were taken from the baseline after 

ammonia. For arginine the verage value before nd after the 

arginine peak was U$ed. This is necessary s a drop in baseli-ne 

values o.ften occurs between amttl'>nia and arginine. 

It was found that opti 1 reSQ1ut1on was only ach1 ved 

after about 4- runs on a newly poured column. Flow ratas may 

decrease slightly during this pe~iod but, with the columns used, 

adequ te .flo rates were obtained at pressures of' between 20 - 30 

cm.. Hg. f'or the 150 c • column and 15 • 20 cm. Hg. f'o.r the 15 cm. 

column./ ••• 
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column. 

The columns re t ndard1se by pas 1ng through 

co pound st ndard solution or amino aci s prep ad by dissolving 

the pure , desiccated amino acids in o.8 N HCl. composition ot 
the stan ard is given in t ble XI . 

The etfl ent s collected 1n rr ct1o or 1.4 ml. and 

analysed by th ninbydrin proo~dure descr1b d before. The optical 

dens1t1 of the effl nt fractions re plotted ag inst the 

r of fr et1ons, to f cilltate as nt of the baseline and 

etect ry in the alllino eid • 

C 

The ion exchange col s re tandardised by determining 

the colour y1 ld (C). in colorim ter units per 0. 1 J1 le for e ch 

no o1d in the standard using the for u1 • 

C =:£~ (x) - nl> colori ter units/O. l J1 mol e . 

C 

wh r n = number of fr ctions per e • 

x - colour value in color! e r units par fractio 
o = a rage bl al • 

C = le or no cid appli to the col • 

The unt (in p the 1ndf idual amino acids in 

the/ ._.. 



the unknown le calculated as ollo st• 

w::::::' " -c:::::. 1 (x) - n b 

C 

les .. 

The hod proved to b r producible once op ting 

conditions re stand rdiaed. The colour yi l for individual 

amino aci eXpresse as color unit r . 1 mole or 
mino acid obtained at dll'ferent t · es are g1v n in t ble II. 

h effluent t act1o were 1.4 ml. an the final r action 

mixture 7.4 • 

It can sen that r producib111ty of results 1 

excellent or t no ac d • h value for ly in obtain d 

on 24. 7. 63 . differed signific.antly fro. the values obtained 

126 

e lier (table XII) . Thia result s obtained with resin fraction 

B while in the ear lier Xpe imants the coar r resin frac tion C 

was used. The isoleucine values coul not established as. 11 

the ples of this amino acid, which coul.d obtai d, 

con ained pproximately ,o of the iso er allo•i leucina. Th 

leucine va1ues re, therefore use to oal.culat concentrations 

for th1 no acid. 

Nor leueine/ ••• 



Composition o~ co pound amino id tandard 

tor standardisation or ion excllall£8 columns. 

Amino c1d. 

partic acid. 

Threonine. 

rini • 

Glut c acid. 

Prollne. 

Gl.ycin • 

an1ne. 

Cystine. 

VU e. 

thionine. 

I o leucine .. 

Leucine. 

Nor Leucine. 

Tyrosine. 

nyl alanine. 

Lysine. 1. 

stidine HCl. 

nia IiCl . 

g1ni 1. 

Concentration 
moles/ml. 

0.539 
0.1+99 
o.;02 
0.7;+ 

o.470 
0.,12 

0.1+99 

o.;01 
0.518 
0.516 

o.499 
o.,oq. 
o.;o4 
0.511 

0.,02 

.5'26 

o.;22 

o.5'15 

o.;;3 

127 



Colonr yields for individual mino acids obtai ed t 
di!ferent times by ehro togr phie analysis of a 

compound standard. 

A no ac d. 

Aspartic o1d 

Threonine 

rin 

Glut c acid 

rolin 

GJ.yeine 

Alanine 

Cystine 

Valine 

Meth1on1 e 

!so leucine 

Leueine 

or leuci 

Tyrosine 

Phenyl alanine 

Lysine 

H1stid1 

nia 

Arginine 

Colour Yield/0. l p. mole mino acid. 

26. 6. 62. 

112 . 7 

111 

118 

us 
1+2. 7 

113 

115 

131 

113 

120.9 
(120.6) 

120. 6 

-
11; 

116. ; 
128 

119. 7 

ll6. 7 

Date of analysis. 

111+. 6 

111 

117 

121 

40. 9 

113. 7 

117 

126. 5 

113.7 
120. 5 

(118. 2) 

118. 2 

-
ll5 
ll2 

129 

120 

11? . 6 

113.3 

113 
116. ; 
120 

41.i.. 

111 

u;.s 
128. ; 

Ul. 6 

u9.2 

(118. 5) 

118. 5 
118. 5 

115. 3 

111+.3 
135. 6 
122.3 

ll?.6 
ua 

128 



:,t BLE XII • 

Colour Yi ld i"or dU.f'eren and.no cid separ ted by 
chro tography of a compound standard,expre ed on a 

no Aeid .. 

Aapartic · eid 

'fhreonin 

Serine 

Glutamic aci 

Prolln& 

Glyc1n 

l ne 

Cy tine 

a.line 

thionine · 

I o leucine 

Laue e 

Nor leucin 

yro in 

Pbeny-lalanl.ne 

Hi tidin 

Lysine 

n1 

gin1ne 

lar basis relative leucine. 

1 . 01 

0. 35 
o.94 
0. 98 

1. 08 
0.94 · 
1. 01 

1. 00 

1. 00 

1.00 

0. 97 
0. 96 

1 . 03 

1 . 11+ 

. 99 

1.00 

Colour Yield. 

o.94 
o.94 
0.9; 

0. 99 
0 . 225 

0. 95 

0. 97 

1. 10 

0. 97 

1. 02 

1 . 00 

1.00 

-
1 . 00 

1 . 00 

1 . 02 

1 . 10 

0. 97 

1. 0 

129 
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Nor leucine, synthetic a no acid, w s incorporated 
in subsequent standards as this amino id erves s useful 
tandard to check on the hydrolysis procedure. A known quantity 

is a d to each sa ple of protein before hydroly is and ahro to­
graphic reco eries of this a ino aci will indic te losses of 

ter!al uring the various stages of tr nsfer. 

That no sel ct1ve losses o 

chro tography 1s d monst d by the clos 

cids occur during 

re ent bet en the 
v lues obtaine on chro tography and the theoretic l, expressed 
on lar si relative to leucine - Tabl XIII. It is · again 
evident that the colour yield for prollne is 1grrl.r1cantl.y 
higher than the v lue reported by re and tein 190. 

It is e ntial to re-standardi e th column each 
time a new a n is used as differences in fraction vol es will 
aft t the fin l e ction vol e and th refore the colour valu 
obtained per 0 . 1 le or amino aci.d . 

TION OF :t!ITROG ELDAHL JliQQEDURE: 

1 trog n etermina ions re par.fo ~ on e ch hydrolysed 
ple as th resnl ts of' the amino acid analysis on the lbum1n 

sa plea were e.xpr ssed as g . /100 g . protein. To obtain the 

protein e u1v ant per unit volume o£ the by rolysed ple the 

nitrogen value obtained was multiplied by a r tor or 6 . 2; based 
on a nitrogen con ta t n the albumin l cule of 16 • 

ecording/ ••• 
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ccording to Chibnall t al 203 the commonest sources or 
errors in the Kjeldahl procedure are incomplete digestion or 
protain and the use or socalled anhydrous protein preparations" 

for determination or the weights of samples. Lysine and histidine 

are resistant to digestion and proteins rich in . these amino acids 

r equire longer p riods or digestion. Socalled "anhydrous protein 

preparations" are extremel,y hygroscopic and analysis based on 

weights so o tained may be co pletely erroneous. These workers 

dvise the use of air drie~ preparations and the correct weight ot 

the sample to e analysed should be obtained by determining the 

1sture and ash content on separate aliquots of the sample . 

losses of nitrogen y ·occur d~ing digestion as a result or high 

digestion temperatures which occur when the sampl h s a high 

salt content or is rich in c~bohydrate and fat . The acid- protein 

r t1o should be increased under thes circumstances. 2o4 

The procedure adopte in the present study was based on 

the etbo 0£ Kenzie and ·1allace 2o4. Analysi could not be 

performed on 1r dried samples a 1nsuf£ic1ent terlal was 

available for the eparate deter nation or isture and ash 

content. It s considered that the st reliable results would 

b obtained by · asuring the n1 ogen content in an aliquot of the 

hydrolysed s mple, equal to that used for amino acid analysis. 

Begment§/ ••• 



2. • B.D.H. A •• ) 

3. Hg Oq. Solution. 

epared by dissolving 10 g. red HgO in 18 ml. cone. 
a2 <\+ and diluted to 100 ml. with dist. ~o. 

4 . aOH - N~ 2o3 Solutio 

Prepared by dissolving 200 • NaOH and 12 . 5 • 
2 2 3 • , ~o in distilled ~o and diluted to 500 • 

• 
,=,:.;.::;;.;;::.;i:;.;;:.;.-~.;;;;.;;;.---• 

Solution A. 0.2 ethyl Red in 95,., aq ou ethanol. 

lution B. 0.2 thylene iue in 95 aqeous ethanol. 

Thia solution ws prepared r esh once a. 
nth. 

The 1ndic tor solution wa prepar by 
ratio o 2 vol. ol. to l vol. 1. B. 

ing, in a 

6. 

-The a n1a 1 th diatillat as rapped in 2 w/v 
lution of boric acid cont ining the ed indicator. 

(10 g. H BO ( rck's A •• ) + 5 • xe indicator diluted 
to ,oo • n a nia-free distille H20) . 

7. lution. {O.Olll) . 

~his solution as standardi~ed 1th aOH (O.OlN) before 
e ch et of eterminat1ons using phenolpht lein as an 
in 1cator. 

pparatY§/ ••• 



1. Pyrex micro Kjeldahl digestion flasks of 30 ml . capacity. 

2 . crodistillation pparatus. C kham type). Connections 
between d1st1lla tion flasks a d condensors re constructed 
of pyrex glass, in one piece with no interveni joints. 
The tunnel or the distillation apparatus was shut off from 
the distillation chanlber by eans or a taflon stopcock. 

Proae ure: 

. 
The sample containing the equivalent or approxima tel.y 

1 • protein (0.1 - 0.2 mg. or nitrogen) was transferred to 
micro Kjeldahl flask follo d by the addition of 1.5 • ~SCJl+ 
(36N); 1.5 g. K2S04 and o.;·m.1. Hg 04· 

The .xcess H20 s boiled of! an digestion continued 
until the sample was clear (1.e. all charred ttar removed). 
Thi usually occurred 5 min. atter fUllling co need. Digestion 
is continued for a i'"urther 15 minutes. The digest was diluted 
with re ml. or ammonia-free d1 tilled H20 and quantitatively 
transferred to the distillation :flask w1 th veral washings ot 
dist. ~o taking care that the to al volume did not exc ed 2; ml. 
A light application of grease to t ri of the digestion flask 
will s 1st quantitative transfer. 10 ml. of ~aOH - a2s2o~ 
solution s added to the di tillation cham r and the 'terlan 
stopcoc closed. Distillation was perter din the following 
manner. 

' 
· The tip or the condenser w.s :l rsed in 5 • botlc 

acid solution contained in a ;o ml. fl which had been 
graduated to indicate levels or 20 • and 25 l'lll.. Distill tion 
was continued until the 20 • mark had . been r ached when the 
fla was lo rd so that the tip of the condensor was above the 
surface of the di~tillate. further ; • was distilled over and 
the tip or the condensor s then rinsed with di t. n2o adding the 
w. shi to the distillate. 

The distillate was titrated th o.olN .KH(Io) till the 
lilac endpoint or the indicator was reache • ui tabl;Jblanks were 
carried through with each batch analysed. 

In the calculation of result, 1 ml. KH(Io3)2 = 0.1401 •• 
4 

REC01 • IE$/ •• 



1th each set or unkoovns analysed, BJ\Cl and histidine 

atanda'ria were run 1n parallel to eheck on the distil.la tion pro­

a.11111~ and the completeness of digestion reapect1vel.y. Duplicate 

JNIOOTttries or histidine and "Cl obtained during; consecutive 

experiaenta are shown in tabla XIV. 

Low recoveries were almost invariably due to leakage 

£loom the distillation apparatus or too short a period of acid 

digestion, assuming that all reagents ware properly standardised. 

The e:ll)ellent recoveries obtained w1 th histidine indicates that 

this digestion mixture is efi'icient, as histidine is a resistant 

and no acid tor which 100% recoveries are dif£1cul. t to obtain. 

%@LE xu. 
Duplicate recoveries of ~Cl and 

Histicline standards during , consecutive m.Icro-JC3eldahl analyaea. 

Exper11Bent1 ~Cl. Histidine 
( R overy) ( % Recovery- ) 

1. a 99.9 100.8 
b 100.6 101.0 

2. a 101.7 100.8 
b 101.3 101.0 

3~ • 99.8 100.7 
b 1.00.3 100.1 

4. • 97.a 99.7 
b 101.0 100.0 

s. • ~1 99. 6 
b 100.l+ 
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lfflmQ&%'3I!.1 Of PRO:fEINS /;N!) 

DE?ERtgljATIQtf. QE AMIDE lr,'OONI4. 



Hn)ROL];SIS OF PROTEJl! SAMfLE§. 

In determining the amino acid composition ot a particular 

protein, it is essential that the protein should be completely 

hydrolysed without destroying the liberated amino acids during the 

process-• While the chromatographic procedure or 'bore and 

. Stein tor amino acid analysis, Possesses the sensi t1v1 ty and 

accuracy required,. the problems attending the hydrolysis o.t proteins 

have not bean solved. In order to interpret the results obtained 

in a particular experiment, the method of hydrolysis should be 

eareful.17 examined, as the best thod ror the hydrolysis or one 

protein may not be au! table tor another. It is, therefore, 

necessary to consider some of the ev-ents occurring during the 

hydro].ytic cleavage or proteins. 

METHOD$ OF J!XDRQLY IS: 

1. ~: 

Although theoretically an attractive method, it suffers 

from the til.sadvantage that complete hydrolysis of a large pro te1n 

mlecule can not be achieved. The presence o£ enzyme protein in 

the ~drolysa.te further complicates subsequent analysis. 

2. AluJ1ne HYdroJ.111a: 
Proteins can ba hydrolysed by al.kallea but this 

procedure leads to extensive destruction of certain amino acids 

w1w ••• 
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w1 th race sation or others. Artif'acts are produced in addition, 

as there 1s tendency towards interconversion of amino acids. 

Serin may be converted to glycine and ala.,nne and o<.. amino­

butyric ac.id; cystine to alanine and arginine to citl'ull1ne and 

ornithine 205. Alk line hydrolysis is, nevertheless, still used 

1n the determination or tryptophan as this amino acid is almost 

quantitatively lost during acid hydrolysis. 

3. 91d H,Yqro1111u: 

Hydrolysis 1n aeid is the procedure mo t co nly­

employed 1n the de termination of the amino acid eo si t1on of a 

protein. Many d1f£e:rent acids or coIIlbina ti.ans o! cids have been 

proposed but st workers prefer constant-boiling HCl (6N) 206. 

Hydrolysis is performed either by boiling under reflux with 

6N HCl £or different periods of ti 20?, 2os or 1n sealed 

evacuated tube at 105° - 110° 209, 210• It is evident from the 

vast literature on th1a subject and the large number o.f dif!erent 

proeeduras used that unil'ormity of opinion has not been reached on 

the st suitable ethods to be used. In order to ppree1 te 

these diftieulties so of the f ctors involved in the bydrolytic 

process must be considered. 

groups, 

Lugg 211 studsring the liberation of earboxyl- and amino 

de nitrogen and a nia at dif.terent t so!' hydrolysis 

with/ ••• 



137 

w1 th 6N HCl, de the follov!ng ob vat1ons. 

The nia liberated by deamidati.on ot asparagine and 

glutamine reaches a peak within lo hours. Therea.f'ter, there 1s a 

slow increase in nia which is derived from deamination of 

threonine an s rine. At the a e ti e liberation or amino and 

carboxyl groups occurs rapidly reaching a peak bet . n 20 and 

30 hours. Thereafter the rate or liberation ee to parallel 

the rate or des truction - See fig . 49. 

s pointed out before, hydrolysis should proceed until 

the maxi number or peptide bonds have been treed whilst 

es true tion or amino eida is still minimal. Thia stage is usually 

det!nad as that point where the difference b t en am1 nitrogen 

and amn1>nia is JDal 211• Ho-wever, from the experieno ot past 

. rkers, 1 t is evident that certain peptide linkages are resistant 

to hydrol.y is bile other amino acids are progressively destroyed 

on prolonged hydr-olysis.. 

Recoveries or the hfdroJJ:y amino aeids serine and 

threonl e are known to decrease the time of hydrolysis 1s 

increased. Rees 212 showed that ate dy deaminntion, which 

as linear, occurred on bydrolysi or bot..11 threonine and serine 

and/ ••• 



a. 

C 

b 

FIG.49 
PROTEIN HYDROLYSIS IN MINERAL ACIDS. 
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and gave ?'1se to recoveries t 24 hours of<:}+. ? for threonine 

and 89. 5% for serine. These losses eould be quanti tative1y 

accounted for by the increase in amnl)ni - fig . ;o. 
im:tlar results re obtained by Smith et l on carbox­

peptidase 209 and on crystalline papain. 213 and by Hirs et al on 

ribonucle e 210. Ho ver, Gordon 211.t-, found no decrease in 

serine and threonin values even after l4o hours in the ease o!' 

cl... lactalbumin - table XV. Gordon used hydrolysis under open 

reflux whereas tho other workers hydrolysed their samples in 

evacuated sealed tubes. 

V iable lo ses for tyrosine, cy ti and thionine 

may also occur on prolonged hydrolysis especially in the ;presence 

of carbohydrate when humin formation is excessive. 

The relative rates or hydrolysis o peptide bonds 

depend on the availability of the peptide bond to approaching 

hy'drogen ions. This will be determined by the presence or charged 

groups 1n the nei.ghbourhood of the bond and also by the size of 

the adjacent amino acid side chains. The bulky side chains or 
aline and also iso leucine probably account ror the stabill ty 

of the peptide bonds involving these amino acids 205~ 214,216, 211,21~ 

ynge 215' demonstrated the dif'ferenc in rates or 
hydrolysis of a n ber o:f d1peptidas in strong acid - eo table I • 

• • • 



The amino id v lues are given s gr s no acid yielded by 
100 g . anhydrou ash•f ee protein. Hydrolyza. L•ll ws 

prepare aft r oxi tion w.tth perfor c cid. 

Ti. o.f hydroly is. 

no acid 20 hr. 70 hr . 140 hr. 

llydrolyzatea 
L- and L-6. 

Hyorolyz te 
d L-8 

spartie aoi (l?. 69)8 18.4; 18. 89 1S.8o 18.4; 

Tbr onine ; .43 5. 39 5. ;it ;.·63 5. 51 

erine 1+. 70 1+ .70 1+. 73 4. 88 4. 79 

Glutamic eid 12. 61 12. 73 13. 00 13 . 01 12. 91 

olin 1. ;2 1. 6+ 1. ,3 1.1+-8 1.43 

Glycine 3.07 3 . 12 3.2; . 3. 23 3.32 3. 24-

an1 2 . 01. 2 . 13 2.13 2. 10 2.34 2.15 

Cystine (lt..37) (5'.60) (3 . ,8) (4.33) (3 . 0; (6. 66)b 

Valine (3 . 20) (3. 25) lf.. 6o i.. . ;2 4.89 4 . 62 

:.tetbionin 0 . 91 0. 92 0.90 0. 95' o.95 
Isoleuei (5'.41) (;. 53) 6. ?8 6. 53 7 . 06 6. 82 

ucine 11. 09 11.44 11. 7 11. ~ 11. 93 u .43 

Tyrosi , . 20 ;-.30 , . 02 lt . 83 lf.. 47 

i.. . 36 4. 27 lt .47 lt. 62 . 9+ 
~ 

Omitted cause of operational d1f'Tieult1es. 
b sti tad as cy teie acid but calculated as eystine, assuming a 

90 conversion of cystine to cyste e aci during pe for c acid 
oxidation. 



I. 

RXRB0!4S,IS 9[, P~fTil)ES Df STRONG AQJJl• 

fe:u'.k1qe. 

glycyl - Glycyl 

glycyl - A1anyl 

Alanyl - GJ.yeyl 

Glyoyl • Leucyl 

Glyey1 • Tryptopban 

GJ.yeyl - Valyl 

Leucyl - Gl.ycyl 

Leuoyl - Leueyl 

Leucyl • Tryptophan 

Valyl. • Glycyl 

Rela1;+1e Velgaity Rat!§• 

1. 0 

0 . 62 

0. 62 

0 .1+0 

0. 35 

0 .31 

0 . 23 

o.o48 
o. o41 

0 . 01.5'. 

Taken from Synge 215'. 

The stab111s1ng effect of the side chain seelllS to be 

less when 1 t belongs to the residue wbieh donates the amino-group 

to the bona. 

The increasing Yields of !oo leueine and valina on 

prolonged hydrolysis have been confirmed by several workers;-

Gordon et al 214 ( ex Laotalbumin); 

Smith/ •• • 



Smith et al 219 

nuth et al 213 

Smith et al 209 

(rabbit antibodies); 

(crystalline papa.in) and 

(carboxypeptidase) . 

Howver 1n the experiments or Hirs at al. 210 on ribonuclease A, 

an increase in 1soleue1ne was demonstrated while va11ne concen­

trations re ined the same between 22 and 70 hours - table XVII. 

As result of these observations, it has been 

recoinmended that hyd~ol.ysis or a particular protein should b 

carried out for diff e ent ~riods or ti and the correct values 

obtained by extrapo1at1on to zero t 2lO. It is also evident 

that recoveries of individual amino acids vary with different 

times of hydrolysis for ditterent proteins. It appears that the 

optimal cond1 tions should be deter.mined f'or each protein analysed, 

and the exact conditions should be specified by each rker. 

METHODO X· 

The method adopted in the present study was based on the 

open refl.ux procedure using 6N HCJ. as reco anded by 1aepherson207. 

It is cla d by Dustin 220 that when a l rge excess at acid is 

used to hyorolyse a protein sample the mum losses of any amino 

acid annunts to onl.y 3 • 

In principle, the etbod used s to hydrolyse the 

protein sample 1n 6 Bel under reflux. The hydrolysate was 

evaporated/ ••• 



XVII. 

The values are in terms or the an.hydrous sh-tree protein contain-
ing 17. 8 per cent n1 trogen. 

Amino acid per 100 gm. protein 

Amino Acid T1 e of hydrolysis 

22 bra ?O hrs 22 hrs 70 hrs 22 hrs ?O hrs 

g • gm. gm. g • gm. gm. 
partic acid (14.1) {14.5) 14.; 13.5 14.3 12.a 

Glu a'llic cid 12.0 11., 12.3 11.8 12.1 11.7 

Glycine 1.67 1.69 1.73 1.50 1.62 1.61 

Alanine 7.80 7.63 7.83 7.39 7.71 7.68 

Valine 7.55 ?.65 7.66 7.15 7.46 7.46 

Leuc1 1.98 2.16 1.98 2.01 1.97 2.0; 

Isoleucine (2.ll) 2. (2.14) 2.59 (2.19) 2.;7 

Serine 9.57 7.;2 9.96 6.?l 9.19 5.66 

Thr onine 8.09 7.19 8.44 6.64 8.08 6.86 

Cystine (6.5'0) (5'.91) (6.82) (5.69) (6.83) (5.6lt) 

l th1onin 4.o 4.43 3.98 3.97 3.81 3.88 

Prolln 3.71 3.30 3.84 3.28 3.6; 3.4o 

henylalanine 3.70 3.51 3.51 3.53 3.12 3.42 
Tyrosine 7.31 6.55 7.26 6.20 6.90 6.12 

Histidi 4.oa 4.16 lt.37 4.43 4.o, 4.19 

Lysine 10.6 10.9 10.6 10.2 10.4 (9.12) 
Arginine 4.90 1+.75 4.88 J+.43 tt..;5 4.5; 

nia 2.38 3.12 2.53 2.88 2.47 3.16 



evaporated to dryness over KOH pellets and de up to volume in 

· . the appropriate buffer ,a:f'ter oxidation of' cysteine to cystine210. 

An all quot of the hydro:J.ysate was then taken for ni trogan 

estimation by a cro•KJeldabl procedu:re and the remaining 

material used fo.r no aeid analysis by the ion exchange proce-

dure described. 

1. f!Cl t 6 • 

This w s pTepared by diluting concGntrated HCl (S.G. 
1. 118) to approximately 6H. with dist. H~O followed by triple 
distillation of the constant boiling m:i.Xture in an all•glass 
asse™bly. The acid was stored in dark eontaine_rs away from 
direct sunlight. · 

2. PhpsplAfi.te Buttet (0. 2 M : pH 6. 5'). 

3. Hgl. l fl. 
Prepared 1m:ned1ately before use by dilution or the 6 N 

HCl with amnx:>nia-frae dist. ~o. · . 
4. 9itrat2 IaJtteE co .2M: pH 2. 2) 

the composition of this buffer is as follows:-

Ci trio acid. 
NaOH 
HCl (cone . ) 
Final volume 

105' g . 
42 g . 
8o • 

; L. 

Final pH adjustments a~ de with NaoH or HGl . 
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Hydrolysis was performed in pyrex ronnd•bottomad flasks 
of 50 ml. capacity t1tt d with B24 ground glass joints. The 
condensers uaed \t'Ol"e o£ the ("cold finger typeU) fitted with side 
arms which were connected by means or polythene tubing to a 
reservoir containing Bel (i J.N') to trap athmospheric ammonia. 
Hydrolysis was performed on sandbath heate-d byt'WO 750 watt 
elements. 

f_RQCEDIJRE. 

The hydrolysis flasks containing pure silica (v1treos1l) 
chips to prevent bumping o:f the boiling xture during hydrolysis, 
were cleaned in between experiments by r~f1uxing with 6N. flCl for 
2 hours, followed by exhauative rinsing with ammonia-free dist. 
~o. 

aliq t of th.a pl'Otein so1ut1on, containing approxi­
mately S • or protein, was transferred to the fl k and taken to 
dryness in vacuo over KOH pellets. To the $ried protein 1'nG 
added .5 ml. of 6N HCl. acid (equt alent to - 200 times the weight 
of the prote n). The hydrolysis flasks were connected to the 
condensors by sans of the ground glass joints and assembled on the 
sandbath. o rease vas used on ~ of the Joints. Hydrolysis was 
continued for periods of 22 hours or longer as 11 be apecif'1ed 
for each experiment. The b,ydrolysate s then tra~erred 
quanti atively to :,o ml. beakers using sev r 1 washes with distilled 
ff20 . The contents of the beakers re evapor ted to drynass under 
reduced prosstl?'e using pell ta of iron a the es!ccant. The 
residue taken up i n o. S ml. or war (t ,oo) aisti1lad water and 
the pH. adjusted to 6.'5 by addition of 1 . , • phosphate- buffer 
(O . 2 M : pH 6 .. ;) . The sample was l ft expo ed to troospheric

21 oxygen for 4 hour .to allow oxidation ot cysteine to cyst1tl$ o. 
The pH of the hydrolysate wna subsequently adjusted to 2.4 't 0. 1 by 
the addition of O. l ml. • .freshly prepared 1ID1 (IN} and made up to 
, ml. in a volumetric flask with aitrate buffer {pH 2.2: 0. 2M} 
containing v/v thiod.1gl.ycol . Quantitative tranaf r of the 
contents of the b alter is affected by using repeated small washings 
o:f citrate buffer. The b¥drolysates wi-e stored frozen until 
exam1ned. 



mERIMENTAL NOTE§ ON ;rHE ,fETHOD OF 

l!IPftOLY§IS ADQP?ED. 

To determine the losses of amino acids during the bydro­

lytic procedure aaopte~ a compound standard solution of amino 

acids was hydrolysed under the conditions described. As the 

standard solution contained no ammonia~ any ammonia. present in the 

hydrolysate must have been produced as a result o:r old.dative 

deamina.tion during hydrolysis. The concentrations of the individual 

amino acids in the standard after hydrolysis was determined by the 

ion exchange procedure described. The results obtained ar<.1 

l)resented in table XVIII. 

The results obtained during this experi nt are somewhat 

anomalous. The ammonia recovered after ~drol.ysis exceeded the 

sum of the loss.ea for the amino acids in the original sample . Tbis 

finding suggested that during hydro].yais or prior to analysis the 

sample was oontanlinated with extraneous atlUJl)nia. The low recoveries 

of leueina and glutamic acid could not be explained, but may be due 

to technical error» as the sample was not analysed in duplicate. 

It could be suggested that some conversion or glutamic acid to 

prollne have occur:red by cycllsation but the for tion of 

diketopiperazines are not known to occur in neral acids stronger 

than l molar. 

TABLF/ •• • 



no Acid. 

Aspart1e c1d 

Threonine 

serine 
Glutamio cid 

Prollne 

Glycine 

Alanine 

Cystine 

Valine 

~-thionine 

Isoleue1ne 

Leuc1ne 

Tyros in 

Pbe lalanine 

Lysine Bel. 

Histidine HCl. 
rginine lICl. 

Ammonia 

Total 

Composition of' 
Standard 
molea/ml. 

o.;99 
o.;86 
0.584 
0.692 

o.;6l+ 
o.,?t+ 
o.466 

o.662 
o.;tt.4 
o.;;,+ 

• o.$?1f 
0.609 

0.593 
o.868 

0.591 
o.588 
0.602 
o.o 

Recovery 
moles/ml .. 

o.,ao 
o.;66 
o.~6 
o.660 

o. '57$ 

0.572 
o.4;? 

0.663 

o.;54 
0.543 

0.,71 
0.592 
o.844 
o.;ao 
0.,75 

o.;~ 
o.429 

9.922 

Percentage 
Recovery. 

96.S 
. 96.6. 

93.; 

95.lf. 

101.9 

99.7 
98.1 

100.1 

101.8 
98.0 

93.8 
100.0 

97.2 
98.1 
97.8 
95.3 
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* !sole ine recoveries aou1d not be calcul.a tad due to the presence 
ot approximately 50 of allo•isoleueine in the original sample. 

~ecovea;1 ••• 



flecoverz of ap in:5e1:ngl not leuq1!!§? §tandsq,_ dytiQ& 

hfdrqlY§is 9~ tbe frotein swnpte. 

The synthetic amino acid nor 1eooine is a atabl& 

substance resisting boiling in 6N' HCl for periods up to 14o bours22]. 

It has the additional advantage of being vrell separated from the 

other leucines on chromatography, emerging between leucine and 

tyrosine in the eluent ott the 150 cm. column. The add! tion of a 

known quantity or this amino-acid to the sample of protein before 

hydrolysis provides a useful reference standard for the whole 

procedure nnd will reveal loasea during transfer and sampling 

in the chromatographic analysis. 

During the latter part ot the present study the p.rac tice 

of ad ing a known unt of nor leuei.ne to the protein to be 

hydrolysed s adopted. The chromat.ographic recoveries expressed 

as a percentage of the original are given in table XIX and 

represent the results obtained in 6 consecutive expe?iments. 

lHR1 no BS 1a cS<mpQ~ tt2n gf wrmaJ. sel:Jllll albwnin b?drQ­
ly§9d ror ditf erent ooriods of t1ffi. 

In order to deter ne the best time for hydrolysis of 

serum albumin under the conditions adopted, a sample of album1n 

trom a normal adult prepared by Method I, described in chapter VII, 

as bydr lysed f'or 22, 48, 72 hours. The amino- cid compos1 tion 

was deter ned by the Moore and Stein ehro · tographie procedure 

and/' ••• 
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and the _results,, expressed as grallWes of amino cid per 100 gramme 

or protein, are given in table xx. 

Cb£2mams:aphie rfflS2v.eri§s .g! gn !ntetru!• 

· oor ,e1ac1ne §tandi¢¢1 at;tm: !).vdrol,ysis r9r 22 hoq;:g. 

Date or • per1ment. 
Percentage 

Nor Leucine Recovery •. 

27. 8.63. 97.7 

3. 9.63. 100.5' 

10. 9.63. 97.7 

19. 9.63. 100.0% 

25. 9.63. 102.1),1 

13.10.63. 97.3 

It can be seen tbat recoveries i these 6 experiments 

wre a1most quantitative 100 % 2%. or recoveries were usually 

produced by sampling arrors. 



• 

mino Acid 
Composition expressed in g. /100 g Protein. 

22 hours 48 hours ?2 hour 

spar 1c Acid 9.90 10.1 10. 0 

Tbr onine ; . 10 4.41 4.o, 
oe.rin 3.;o 3.0, 2. 67 
Glu c aaid 17.32 17.06 17. 03 

Proline l+. 21+ 4.6o l+ . 26 

Glycine 1.;9 1. 63 1. 53 
Alanine 7. r;+ 8.3 8. 09 

Cystine ;.82 5.73 2. ~ 

Valine 6.8 6.98 6.99 
ethionin 1 . 2; 1. 23 1.18 

I loucina 1. ,5 1.72 1.6, 

Leuc-ina 10. 88 10 6 11.2 

Tyrosine l+.86 1+. 7; lt. 2 

Phenylalanin 7.17 6.85 7.26 
Lysine 11. 90 2 01 12. 62 

Histidine 3.44 3.47 3.Gt 

Am nia 1.26 1.42 1.?4 
Arginine 6.13 5.95 ;.82 

It/ ••• 
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It is evident that significant losses ·of threonine 

and serine occurred on prolonged hydrolysis. This is aecompan:1.ed 

by a progressive increase 1n ammonia values from oxidative 

deam:lnatlon. Cyst1ne and tyrosine also show losses at 72 hours. 

Increases in vallne do not appear signiricant on prolonged periods 

of hydrolysis. The increase in isoleucine is difficult to evaluate 

as the accuracy or tha amino acid determinations are less for those 

present in very low concentrations. 

B!iKP<iuc,12111sx gt: resu1. ts obtained After h.tsrol.Yss 
Qf' atbµn,in ror@ Pi8S:tf1c leng~h or tirne. 

'.Co test the reproduoib111 ty of the results obtained. 

attar a certain time or hydrolysis, a sample or albumin prepared 

trom a patient with kwashiorkor, by the trichloracetic acid pro• 

cedure described 1n chapter VII, was hydrolysed and analysed, 

with a period of ll+ days in between the experiments. This was 

done to determine whether experimental conditions could be 

ad8quately controlled over a period of time. The results 

obtained are given in ta• le XXI. 

It is clear from this experiment that reproducible 

results could be obtained by this procedure of' hydrolysis and 

amino acid analysis. 

T BLF/ ... 
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1t4 kwashiorkor analyse t dif'{erent ,t1 es. 

Date gf an~l~sig. 

. . 2$-27/9/63 . 

spartic cid 10.1 9. 97 

T eoni e 4.8 4. 9 

rin 3 .46 3.5 
Glut mic cid 17. 6 17.45 

Prolln .46 4 .66 

Glycine 1. ;5 1.7 

anins 8.03 7. 86 

Cystin ;.52 5.79 

Valin 6. 8 6. 96 

1ethionine 1 . 2, 1 . 23 

I ol uci.n 1. 5'? 1. 61 

Leucine 11. 19 11. 28 

yrosine 4 . 58 . 3 

Phenylalanin 7. 05 6. 9 

Lysine 12. 32 12.3 

Histidine 3.; 3.5 
nia 1. 17 . 2 

P:r 1n1ne 6. 19 6.o 



QOMMEtiTS: 

The present experimental observations suggest that 

certain amino acids are progressively lost during prolonged 

hydrolysis vhereas 1soleuc1ne and valino values may increase, 

However, the values obtained after 22 hours hydrolysis 'Were not 

corrected by extrapolation to zero time as the validity ot' this 

procedure remains doubtful. It 1 known that amino acids are 

152 

less stable when linked in peptide form 222, It can not, 

therefore, be assumed that the destruction of amino acids occurs 

as a first order reaction. In v1ew or the reproducibility or the 

results obtained when a protein sample was hydrolysed in duplicate 

for a specific period of time, significant differences between 

normals and abnormals should be detectable by this procedure. In 

addition, the analysis by tha manual foo e ano. tein teehniqua ot 

a large number of sa ples hydrolysed for thre-e di.f'ferent periods 

or tie would have been a !ot'illidable task. 

DETE.fUilNNI'IQN OF 

IN ·LBUMIN. 

The amnronia measured in a protein hydrolysate is derived 

mostly i'rom the amides, glutamine and asparagine, and, to a 

lesser extent, .from threonine and serine as a result of oxidative 

deamination. In the present study, the amnx>nia values determined 

chromatographieally showed rather wide variations f'rom case to case. 

It/•• • 



It vu consequently essential to determine true amide ammonia 

Yalues by a d11':terent proeeaure. 

!be aide chain amide groups in a protein are attached 

to the term:1.nal carbo~l groups or aapartic acid and glutamic ac1cl. 

\'IJlll1181' 1111d conditions or hydrolysis the amide amnx>nia can be 

liberated before 8D1' 8.lla)nia is produced by deaminat1on ~ other 

amino acids. Acid hydrol.J'sis is pre1'erable to alkaline h1'drol.Taia 

as the latter produces rapid deamJnation of', especially, threonine 

and serine, Jielding unrellab1e resuJ.ta. 

Bel is the acid most common]Jr used under dtl"f'erent u:per1-

•ntal cond1t1:ons, ranging f'rom 12N acid at 31° C tor 10 days to 

aborter times at lOrf' C using more dilute acid 223. Moore an4 

Stein 210 demonstrated that the amide 81DDk>n1a in ribonuclaaae A 

could be completely liberated by normal ~SOat in 4 hours at locP a. 
!he• llOrkers JDeasured the liberated ammonia using Conway tmita. 

This method was modttied in the present study where the ammonia 

vaa trapped in boric acid after distillation ln a micro Kjeldalll 

apparatua. The ammonia was eubaequently aeaaured bJ' the n1nhyclr1n 

procedure described. 

METHQPQLOGX. 
IAMIPSil• 
1 . ~~ 111. (ammonia tree) . 

2 . ~ 3 2j v/Y 1n aDIIIOnia'.9f'ree distilled ~o. 

3./ ••• 



3. Saturated K2co3 (112 g .. dissolved in 100 ml. ammonia-rrae 
dist. ~o). 

l+ . Stock N1'+,Cl standard solution (0. 2675 g./litre dist. 620} . 

A working Nlt,.Cl standard containing 0. 2 u moles/ml. was 
prepared by dding 1 ml. o:f stock standard to , ml. or Bol'ic 
acid solution and diluted to 25 m1. with deionised ~o. 
This standard was used to d ter ne the colour yields for 
ammonia in boric acid by the n!nhydrin technique and recovenes 
were baaed on the values so obtained. 

5. Asparagine Standard ,.op. moles/ml. 

Prepared by dissolving 0.37,35 g . asparagine in deionised 
H2o to a t1nal voluma o:f ;oo ml. 

fetho : 

With each batch of' amide ammonia determinations, 
aaparagine and ammonium chlor1de standards re examined to cheek 
tl1e hydrolysis and distillation steps respectively. 

G 

To the sa.mple to be analysed was added the appropriate 
quantity of H25P4 {lN) in a 50 ml. glass-stoppered centrifuge tube 
an heated for 4 hours in a boiling wter bath. After 1l- hours the 
contents rere quantitatively transferred to the distillation 
chamber of a micro Kjeldahl flask. The f:ree ammonia in the hydro­
lys te was ste distilled into 5 ml. o:r boric acid (2% w/v) after 
the addition of ; ml. saturated K2C03 oo the dist11lation chamber . 
The distillation was continued unt1 a volume of 20 • had been 
reached. 

The dist111ata was then trana:rerred quantitatively to a 
25 ml.. volumetric f'lask and made to volume with dist. ~o. The 

mmonia content of the d1st1lla te was determined in dUplicate on 
l ml. aliquots by the n1nhydr1n procedure. ppropriate blanks 
consisting or deionised water inste d of the standard or unknown 
wre analysed by the sat1e proo.edure. 



12e:wrmnatton 9J: am1a, ammoQi1 1n aJ.rum+n sarqplea: 

A le of albumin containing approximately 12. 5 • 
o protein s h.y olysed t h 9 ml. 0£ ~ Ott- (111) as outlined 
above. , ml. iquots of the hydrolysate re then taken tor 

de nitrogen and eldhal nit~ogen estimation res ectively. Th 
Kjeldahl. nitrogen value so obtained was used 1n the calculation ot 
th a de nia content in g . /lOOg. prot in. 

1 • sparagine standard containing , les/mJ.. was 
hydrolysed ~ as be.tore and the ammoni content asured 1n l ml. 
aliquot~ o the distillate. 

Cl stan rd recoveries: 

l ml.. un luted Nll,_Cl standard (5' lea/ml) was steam-
distilled1 fo lo 1?8 the addition or 5 ml. 2co3 nd th distillat 
examined by th nirillydrin procedure as outlined before. 

The results of duplio ta recovery exper1 nts are 

presented int ble I. 

• 

las/ 1 distillat • 
t ndar s. ecovery. R covered. 

Cl. 0.2 0.201 100.6 

Asp agin • 0.2 0.196 98.5 

an expe 

The figures present the a erage v lues obtained during 

nt perfor ed in duplicate. 



GENERAL OUTL~ Qi: 

fa:XfmlIMENtAL ffl(gIDlfflE. 
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CHAf!'ER X. 

CASE MATERQLt 

The criteria adopted for the diagnosis of kwash1orkor 

ware the same as those described in part of this thesis. In the 

maJor1 ty of cases, blood samples were collected at the time when 

the pati.ents first attended the outpatient Department. From two 

patients admitted to tlle hospital, blood was also collected one 

week after initiation or treatment. Thla was done in order to 

determine whether alterations in amino acid composition can occur 

during this very active period or protein synthesis. The normal 

adult controls 'Wel'e both laboratory workers, while the normal 

cbildt-en represented cases admitted for elective surgery and 

3udged to be otherwise healthy. Three of the children were 

conval.escing arter attacks or acute poliomyelitis, the samples 

being collected after all signs or activity of the disease had 

subsided. The relevant dat applying to the ease terial are 

presented 1n table XXIII. 

Blood ws collected by venepuncture and the serum 

separated by centrifugation. Total protein and albumin-globulin 

ratios were determined by the b1uret procedure (123) and by the 

H~S<\ £rnct1onation method or Howe 160 respectively. The serum 

samples/ ••• 
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s le then dialysed against di.stilled te_r ror 4-6 hours 

and ly<:>ph lised. The dried protein samples wore stored at 1+° C in 

sealed ampoules until further processing. Prior to the preparation 

of albumin by one ot tlle methods described in -chapter VII, the 

dried protein -was dissolved in phosp te butter (O. o6M : pH ? . o) . 

The albwnin preparations wre dialyse1l exhaustively 

against distilled water and stored 1n the frozen at te until 

hydrol.y is. It considered essential to dialyse the prepara­

tions bef'ore hydrolysis in o~der to remove W'lY remaining traces 

of free amino cids or ammonia which could have be n present 1n the 

albumins le. 

An aliquot o£ the purified album:f n containing approx:lma­

tely ; mg. of protein, to which s added the internal nor leuc1ne 

st ndar (3 les), was then hydrolysed under the conditions 

alr ady described. The hydrolysed s mple wa ev por ted to dryness 

over NaOH pell.eta 1n a vacuum desiccator to i-eDJ:>ve the cid and 

ma.de up to; ml. in a volumetric fl k. The hydrolyaate was 

st.ored f'roaen until the amino acid analysis could be performed. 

Each 1 ml. . aliquot of the hydrolysate, tharef'ore, contained the 

equivalent 0£ approximately l mg . protein and o. 6 p. moles of nor 

leuc e . 

Amino id analy ea re pe-rfor don l ml. samples and 

the nitrogen content was determ1 ad on equal volume o£ the 

hydro]Jrsate by the micro•K3eldahl procedure. The corrected 

nitrogen/ ••• 
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L. 

Serum Proteins (g./100 ml) 
Source mple Age 

Total years 
Protein lbum.in G1obul1n 

Pim. 27 E 7.>+ 4.70 2.70 
Car. 3; M C 6.9 4.oo 2.90 

1Igrmal is. 1f2 t N 6.5 3.85 2.6; 
Qbils.:eni 

ark. 4.2.. M C 7.73 lt.47 3.26 

hew. 1!t: F 6.?'+ 4. ?lf. 2.00 

b. t: C 6.20 4.30 1.90 1-l2 
Fled. 1-ft M C 6.16 4.16 2.00 

Jenk. 2 E 5.62 3.90 1.72 

~biS?tmr For. 1 . F C i...o 1.8 2.2 
be ore oy. 1A M C >+.1 2.2 1.9 treatment) 

Han. lfi M C 2.7 1.6 1.1 

~o 212 F C 3. 1.6 1.4 
G • 3 N' 3.7 2.3 1.4 
Ziz. ~ F C 4.,2 2.8+ 1.68 

Ock. 1..2. M C 4.16 2.71 1.t+, . 

Con. 4 M C 4.; 2.9 1.6 

I • .!l. C 3.7 2.1 1.6 
12 

Con. ~ M C ,.o 3.3 1.7 
after one 

week on Is. . -rt M C 5.4 3.3 2.1 
treatment) 

N = Native {African) ) - le. e. -C = Cape Coloured. E = Europe 
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nitrogen value was obtained by subtracting the nor leucine nitrogen, 

determined by chromatographic analysis, from the total nitrogen 

figure obtained by the Kjeld.ahl estimaUon. 

\iJhen unsatiatactory results were obtained as a result of 

technical problems which arose during the chromatograpbie procedure, 

the analys1a was repeated on a further aliquot of the same hydrozy­

sa. te or, 1f 1nsuff'ieient material was ava11able, a ample or the 

original albumin was again hydrolysed and examined. 



1m& . AMINQ f+PID COMPOSITION OF .§1:JUM 

ALfflJl(N f}lQM HQlU!AL mR!Ill1JUIS gm 

EA.Pm§. Mtl:H, IQlAfafltORKQB . 



C ER xr. 

In order to render tho results obtained comparable to 

those reported by other \iOrkers, the amino acid composition of 

albumin was expressed in grammes of adno acid per 100 grammes ot 

protein. The n1 trogen values, obtained by Kjeldahl estimation and 

by swnmation of the amino acids recovered during chromatographic 

analysis or the hydrol;ysate, -were converted to its protein equiva­

lent by using a factor ot 6.25, baaed on the reported nitrogen 

content or h albumin which is given as 16 w/w. In the calcu-

lation, the actual nitrogen recovered during tha chromatographic 

procedure waa used and not the theoretical value computed trom 

Kjeldahl analy is. This is essential as, although the ratios or 
the amino acids to one another l'emain the same, results expressed 

in g./100 g. protein will vary ecordiog to th actual recoveries 

0£ n1 trogen. For instance, 'When n1 trogen ecoveries during 

two experiments are 93% and 101 respectively, the results of the 

former will be 8 lo r than those of' the latter when based on the 

theoretical 100 d expressod ns g ./ 100 g. of protein. 

No attempts were made during the pre ant investigation 

to determine the tryptophan content of the albumin samples as 

usually insufficient material was available. Cyatine was expressed 

as half' cystine and probably includes cysteine since the latter 

w s/ ••• 
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was oxidised to cyst1na after hydrolysis. 

The esul ts obtained during the analysis or albUlllin 

s ples fro nor ls and patients with kwashiorkor are presented 

in table XXIV. In the abbreviations, the first three letters or 
the amino aci are used s the symbol :for e ch in the f ollo ing 

tables. 

Asp = Aspartic acid. Ala= lanine Tyr = Tyrosine 

Thr. = Threonine Cys = Cy tine Phe = Phenylalanine 

Ser = ·Serine Val= Valine Lys = Ly ine 

Glu = Glutamic Met = M thion1n His = His ti dine 

Pro = Praline Ileu = Isoleucine NH3 = Total Amll¥:>nia 

Gly = GJ.yoine Leu = Leucine Arg = rgini 

The three methods used tor the preparation o.t albumin 

are described in chapter VII. thod I cc •• c.) refers to 

chromatography on C. M.c. without prel1minary purif'ication. 1athod 

II (P. e . g . c. c. ),p elilninary pur ication with polyethylene 

glycol i"ollo'W8d by cbromatograpey on carboxy thyl cellulose . In 

this method the albumin was separate into t-wo co ponents of 

different electropboretic mo 111ty where fr ction I refers to the 

taster, and rrac tion II to t le slower ving eo ponent. 

1 ro inspection 0£ the results presente in talle IV 

it is evident that there 1s some scatter of the r sulta f'or eaeh 

amino acid in both the normal an a.ahiorkor groups as well as 

the/ ••• 
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Amino-acid composition of rum albumin from normals and patients w1 th kwashiorkor expres~ed in ;g ./100 g. protein. 
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bet n the ditf erent ntethods of albumin preparation. As no 

obvious differences in the amino acid composition between albumin 

from normal individuals and patients Yi th kwash1orkor or between 

the diff'erant preparations could be detected the results were 

ubjectod to a test for homogeneity using the x2- tbod or analysis. 

The data from the following groups re compared. 

1 . Amino acid eomposJ. t1on or albumin from tlDl'mal individuals 

with that from patients with kwashiorkor ~or each method of 

albumin preparation. 

2 . Amino ac1d compo,s1 tion of nor l albumin prepar d by three 

d~erent methods. 

3. Amino acid composition of albumin from. children with kwashiol'kor 

prepared by three dUrerent methods. 

i... Amino acid composition or the two albumin fractions obtained by 

Method II (P.e.g. c.M.c .. ) from both the normal groups and from 

patients with ltWashiorkor. 

5. The amino acid eompc,sition or albumin from untreated patients 

with their albumin one 'Week after initiation of treat ent. 

In each case a value for P> 0.99 was obtained. Although 

by treating the r sults :ln this wa,- differences of one or tw 

residues per molecule o:£ p~otein may not be detaote:d, the x2 test 

suggests that the albumins f'rom the nor 1 controls and patients 

with kwashiorkor form a homogeneous group with no detectable 

diffe:renc$s/ ••• 



differences in amino acid composition. 

The total ammon1 eoncentr tions presented in table XXIV 

are the values obtained by chromato apbic analyses of the albumin 

samples hyd.rolys for 22 hours. It can be seen that 'Wida 

variations occur in all the groups. The ammonia easured in this 

way represents true amide anm.onia in add1 tion to am.1DOnia presumably 

derived by ox.1dat1ve deamination o~ mainly serine and threonin . 

The results of amide am1%t)ni.a determinations on albumin fro !'our 

patients with kwashiorkor nd f'our normal individuals are presented 

in table XXV and compared w:t th the total ammonia values f'ound on 

chromatographic nalysia of the same preparations. 

The number of samples analysed for tr amide a nia 

concentrations are too small to dr w valid conclusions, in view or 

the wide scatter or the results obtaine • Certain observatio are 

perhaps just1f1e • In all ca es, amide n1 alues ware 

lower than the total ammonia value but this difference was by no 

means constant. It has to be conclud a, therefore, that 

significant losses or amino acids occur even afte_r 22 hours of 

bydrol.ysis. However, the source of this secondary ammonia is not 

so obvious. 

It w11l be noticed that th bigg st dii'ferences between 

true amide nia and total nia concentrations were f'ound in 

patient/ ••• 



patient Gam, al though the values for threonine and serine were, 

tt anything, higher than the me n normal ror these amino acids. 
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In this particular case there appears to be a net gain or ammonia. 

The possibility of' eontamination with atnt>spheric anmnnia during 

pr.eparat!on c£ the sample must be considere-d but this does not 

appear to be the solo cause. This possibility was investigated 

by exposing a sample -or the phosphate buffer (0.2 M: pH 6.5) to 

the atmosphere for four hours under identical conditions with 

those present during the oxidation of cysteine to cystine. There 

was no significant difference 1n tho ninhydrin colour value before 

and after the four hour period. It 1s interesting to note that 

Leach and Parkhill 222 made similar observations and could also 

not demonstrate any corr.elation between this secondary liberation 

of allln'X)nia and threonine and serine concentrations. In addition, 

thia factor varies from protein to protein. These findings 

further strengthen our contention that values for threonine and 

erine obtained by axtra.polat1on to zero ti are not always 

valid. Al though this problem of' hydrolysis or proteins baa 

exercised the minds o.t many workers t is by no means aattled. 

Rec ntly Hill and Schmidt 224 described a . tbod for the complete 

enzyme hydrolysis of proteins employing only proteolytic enzyllles. 

It may be necessary to re-examine our concepts by appl,ying a mre 

phys1ologieal method suoh as the latter to the elucidation of: this 

problem. 

TA.§W .... 
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Am;tde anmpn!o volse~ anq total a ppnia yalyea gb£a1neg 

gg, awn aetwn alJ;mm!n :p,epared ,bf diff erant · ~tbgds3. 

Source of de Total b•a 
Preparation Ammnia mmonia g./100 g. 

Album.in g./100 g. g./100 g. protein 
protein protein 

• • 

hew.) _ thod III 
) (TCA) 

0.993 1.25 0.257 

Ab. )Children Method III 1.08 1.20 0.120 
) (TC ) 

Jen.) thod II 1.003 1.12 0.117 
(Peg.CM::.) 

1.o4 1.26 Pim. Adult Method I 0.220 
(CIC) 

Average. 1.02 

SHIORKOR: 

Toy. t.bod III 1.194 1.1+3 0.236 
(TCA) 

Han. ~thOd II 1.026 1.18 0.1~ 
{Peg. ere) 

1.69 o.490 Gain. l thod I 1.200 
(CMC) 

Jon. M thod I 1.130 1.30 0.200 
(Cle) 

Average 1.14 

ITROGEN RECOVER !ES. 

It can bo seen J:ro table XXIV that recoveries o-f nitrogen 

varied/ ••• 
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varied bet en 93 · nd lolf. • Low r co e:ries can not be explained 

by losses during transfer or samples only, as the nor leucine 

r coverie hould then also be less. It is inora likely that in 

some cases th- lo recoveries re due to the presence of unhy o­

lysed peptides which wuld not be detected during the chromatographic 

analysis as the colour yields given by peptides are usually uch 

less than those of the free amino acids. gain there is no 

pparent correlation between recoveries or n1 trogen and the 

isoleueine and val1ne values found . These observations again 

illustrate the 1 porta.nce or using the quantity of nitrogen 

recovered an not t theor tical value when calculating results 

e pressed in g./100 g. ot protei 

Am1!lQ cid go,nmo§i tton o ~bumin t;rpm kwashiol'Jtor 

5nd n9rma1~ o nmared, rr.t th values. rew Wd in the :y. teratur9. 

In vie or the £ ct that no statistic lly ~ignificant 

differences could be demonstrated t en tb albu ns from normal 

p rsons and pati nts with kwa hiorko an albumins pr • 

ll ed by di.f'.fel'en thods, he v r e val s i.n h group 

(normal and shiorkor} ar presen ed 1n bl XXVI. 

he values or and 225', al ugh obt 1n1...d by a variety 

oi" crobiologieal d chemical procedure re still regarded a 

the best available to dat • I.n tho present investigation, the 

1 cular ight 01" lbumin d to 7,0 O as 

Branc:l/ ••• 
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t.mn2 AA19 gpmpsuti t3tpn CsJ[Gt: gi WP:9l 2& sero.m §lbWJ4D ft52tn 
patien:t{3 '11.th Q1Mh1Qtkor, and no 12, cqnrnated \d,th ,:eD91:tag vmJ,ue;3. 

Residues/ le of protein. g. /100 g . protein. no acid ........ ____ ,_,. ___________ ......,. ____ ..,._ _____ _..,. __ __... __ ..._... ...... _____ 1 

Normals :washiorkor Brand Normal.e Kwashiorltor Brand 

sp. 
Thr . 
Ser. 
Glu • 
Frol. 
Glyc . 
(\la. 
"§Cys • . 
Val . 
·fetb. 
lleu. 
Leu .. 
Tyr. 
Phe .. 
Lys. 
His. 
Total IlH3 

de 113 
.Arg . 
ree Glut. 

Glut·N~ 
Cysteine 
Tryptophan 

Total 

10. 00 
4.88 
3.57 

17.29 
l+.38 
1. 62 
7. 91 
; . 73 
6. 69 
1. 2, 
1. 62 

10. 83 
lf.. 61 
7.24 

12. 20 
3. 60 
1. 26 
1 . 02 
6 • 

110. 72 110. 4 

-

0.70 
\., 19 

As d ~blecul.ar ight of lbumin:­

Present Authol" = 6?,ooo. 
Brand 22$ = 10,000. 

50 
27 
23 

26 
1; 
59 
31 
38 

6 
8 

55 
17 -
29 
56 
15 

e 1dues per le corrected to the nearest integer. 

50 
27 
23 

26 1, 
$9 
31 
3i 

8 
5'6 
17 
29 5, 
15 

-
~~ 

6 

tZ 
18 
33 
59 
16 

5'51 
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Brand 225' used a .figure or 70,000. All the amide ammonia was 

assigne to glutamine, and the free glntamic acid value represents 

the diff'erence between total glutamic acid obtained by ehroilla.to• 

graphic analysis and amide ammonia (glutamineJ determined 

independently. The amide amttk)nia values re pre ent the average ot 

the rou.t> normals and tour patients with ashioi-kor given in 

table xxv. 
It is evident that the results f'ound in the present study 

agree remarkably well with those of Brand 22S with the exception or 
va.line, prollne and leucine. The ditterence in number of residues 

bet-ween o-ur results and those of Brand can largely be accounted tor 

by the dift'erent nx)leeular wights used. To our knowledge, no 

other results on the composition of human serum albumin, as deter­

mined by modern cbromatograph1c procedures~ have been published. 

However, the - iues found by the isotope dilution method of 

Sbam1n 226 who determined the concentrations or glutamic acid, 

aspart1c acid, tyrosine and gly-cine 1n human serum albumin, are in 

good agreement w1 th the present results ( table XXVII) . 

It can be seen f'rom table XXVI that the number or 
residues/mole of albumin in normals and kWashiorkor is 1dentieal 

f'or all amino acids except val.1ne, leucine and lysine where there 

is a difference of one residue. It :ls f'elt that the detection or 
one residue difference in a molecule of' 6? ,ooo (M. w.) is probably 

beyond/ • • • , , 
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thod of Analysis. 
Amino Acid. 
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Chromatographic. Isotope Dilution. 

G lutamic cid 

Aspartic Acid 

Tyrosine 

Glycine 

17.29 

10.00 

4.61 

1.67 

11.03 

9.77 

4.?3 

1.60 

beyond the aceur acy or the tbod in O\U' hands and these 

di:tt'erence:s are not regarded as aignifie nt. 

The significance o£ the di.trarence in the. number or 
glutandne and glutam1c acid :residues between the albumin of normals 

and patients with kwashiorkor can not be dismissed so readily •. 

Here the differences appear mo.re clearcut but-, evenso, 

one of' the results in each group f'alls wall Within the t"ange 0£ the 

other. A mall number only or samples have so far been examined 

and it is ssential that more determinations should be performed 

before this question can b8 resolved. It is also · ll known that 

the amt e content or a protein may ba affected by isolation and 

p-ur1ticat1on/ ••••• 
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purification procedures l5'l. A1though the samples ex ned are 

· representative of different methods of isolation it c n not be 

stated with confidence that conditions were a olutely identical 

during each experiment. Further specul tions are, th ref'ore, 

unjustified on such a small number of samples. It must be con• 

eluded that, w1 th the thods employed in the present investiga­

tion, no di:ff erences in the amino acid composition of albumin from 

normal persons an patients with kwashiorkor could be demonstrated, 

w1 th the possible exception of the ~111de a nia comentration. 

__ .,.... _____ .. 
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QHAf'±ffl XII• 

DISCU ION • 

. 
No di:t'ferences in. the amino acid co osi tion of serum 

albumin from nor l children and patients suffering from the 

protein depleted state, kwashiorkor, could be detected by the 

methods used 1n the present investigation. The vali<ll.ty of this 

conclusion depends on certain assumptions and additional factors 

which have to be considered. 

1 . That the lbumin salllPles are representative of the body pool 

or albumin synthesised at a particular time . 

It has to be assumed that the albwn:ln isolated trom 

serum is representative of the albwu1n synthesised by the cells 

at the time or collection ot the specimen, and that the composition 

of intracellular and extracellul.ar albumin is the same. It is 

known that chemically al tared protein molecules are degraded by an 

animal into which they are injected, at a much higher rate than 

untreated molecules 221. Similarly, foreign proteins 1n their 

native state are not recognised by the recipient but are destroyed 

through the antibody mechanism. Theor tically, therefore, protein 

a>lecules slgniticantly difterent from those produced normally may 

be broken down rap.1dlY intracellularly w1 thout ever reaching the 

extrac·ellular environment. This niechanism, howeve,:, would defeat 

the object of' adaptive alterations in protein synthesis for 

survival/ ••• 



urvival or the -animal under conditions 0£ stress, and has no 

ther evidence to support its ansteooe. 

In the condition or multiple ~elo tos1s have an 
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example in hich the circulating rum proteins are not repre~anta­

tive of the molecular species synth.eaised. This disease which is 

regarded as a plasm or tho plas cells which synthesize 

globUlin is characterised by the production of the so-called 

myeloma protein which can be demonstrated in the ser and by 

the excretion of Bence-Jones protein in the urine. The latter 

which is lo molecular· weight protein (37,000-4;,ooo), is 

regarded s precUTsor of the lo protein found in the s rum 

but is excreted in the urine at such a rate that its ·presence in 

th ser-u can not usually be detected 228• Further re, the amino 

acid composition or a number ot ll characterised proteino, 

nalyse by the ore and Stein technique, varied significantly, 

although the general pattern resembled human O lobulln, being 

notably rich in thl-eonine and serine. Th content or a given amjno 

acid oft n varied within a t fold r nge for tho fourteen Benee­

Jones proteins studied 229. The amino acid co position of the 

myeloma prot~in isolated !'rom the serum may, therefore, not b 

represent tive of the pool synthesised intracellularly, and no 

valid conclusions can be drawn with regard to alterations 1n 

protein synthesising mechanisms trom data so obtai d. 

There is no evidence to sug et at a similar state of 

affairs/ ••• 
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affairs ex1ats in kwashiorkor. It is well known that total 

n1 trogen eY~retion in the urine is low and protein,uria 1s not a 

feature unless eomplicationa .are present. The studies of Berman 

and Keneh 23° revealed an incre sed xcretion or bound a!llino acid . . 
in the untreated state, but these peptides ay be deri~ed from 

tissue protein catabolism and need not necessarily represent 1nter­

ed1ates or protein synthesis. 

2 . Selectivity or preparative metbocis. 

It has already been pointed out that the method ot 

isolation and purification or a particular protein from a complex 

mxture should yield a product which is representative of the 

entire molecular species. If only a fraction of the original 

protein is recovered in the final preparation, conclusions based 

on the amino acid composition of the final product cannot be valid. 

For this reason, 1 t was eonaidered essential to use different 

methods for the preparation of albwnin in the present investigation. 

At least one of these methods gave yields approaching the 

theoretical. However, it still can not be argued that no dif­

ferences in the amino acid co :position or albumin were present, 

even if' the terial analysed r · presented the bulk oi' the original 

protein. Ir there is a true mic..roheterogeneity of the primary 

structure o:r albumin, the protein deficiency state may produce an 

alteration 1n the relative amoun o of di£ferent nnlecu.les 

synthesised/ ••• 



synthesised. Unless the amino acid eomposi tion of these groups of 

leeules is ignificantly different, analysis or the mixture will 

reveal no discrepancies. 

Theoretically, therefore, the 1solated protein should be 

separated into the largest number of fractions possible with the 

available physieo-chemical procedures, and the am1m acid composi­

tion of each f'X'ac tion determined individually. The tw albumin 

fr ctions or different electropboretic I!Db111ty examined in the 

present study showed no difference in amino acid composition. 

lleJnek et al 231 subjected preparations of human serum albumin to 

chro atograph1c analysis on modified cellulo e and studied the 

fractions obtained by immunoelectrophoresis. Certain differences 

in the anti ecl.c properties wre de nstrat d,' which were ascribed 

to true croheterogeneity of the original sample. a1n these 

observations cannot be interpreted .as indicating variations in 

pr1 ry atruc ture. The worker did not examine the different 

:tractions or albumin for the presence or isomers by u1tracentr1-

fugat1on, neither was the no acid composition of the individual 

tr tions deter ned. The antigenic differences could possibly be 

due to masking of antigenic groups on the surface of some molecules 

as a result o1' dimer or polymer for tian. It this s so the 

technique is exposing diff renoas, not in the primary amino acid 

co· position but in the secondary and tertiary structure of the 

lecules. Further evidence that antigenic differences do not 

necessarily/ ••• 



necessarily reflect dii"ferene~a in amino acid composition was 

provided by Smith et al 219. The e wrkers examined the al111no 

acid composition 0£ rabbit antipneumoeocc al ~ntibodies to types 

I, VII, VllI and XIV but could demonstrate no dif'ferences betwen 

these. Variations in pbysico-chemical or even biological properties, 

there£ore, do not necessarily reflect differences in amino acid 

composition. Alternatively, similarity or pbysico-chemical 

properties cannot be accepted as evidence of similarity in primary 

structUl'e of proteins. The phys1co-chemical p.arameters, sedimenta­

tion constant, dittus1on constant, intrinsic viscosity, molecular 

weight and shape of prothroobin and albumin molecules are remarkabl.y 

similar but the amino-acid composition of the two proteins is 

entirely different 232. 

It must therefore be concluded from the available 

evidence on tha amino acid eomposi tion or albumin tractions under 

normal conditions and :from our observations in the protein.­

depleted state that no detectable differences exist. The valid! ty 

or the observa.t1ons on the ainide . n1 trogen content of albumin have 

already been discussed but b.o further conclusions can be drawn 

until more samples have been exam!nee. 

It appears, thererore, that protein molecules within a 

given species are reproduced with almost unfailing accuracy. 

However, certain interchanges or amino acids have been demonstrated 

in homlogous proteins from dirferent species. This st1bjeot was 

recently/ ••••• 
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recently revie d in great detail by So and Keil 233. Although 

these consider t1ons cannot be .fully deal with in the present 

discussion, so mechanisms whereby one amim cid may be 

replaced by another within given protein lecule will be 

outlined. 

From a comparison or the amino ae1d sequences in 

biologically related proteins i'ro different animals it bee 

v1dent that certain amino acids are quite egularly replaced by 

other amino acids du.-ring phylogeny-. These interchanges as 

envi aged tod y are 1 en in tig. 51 taken from the review or Sorm 

and Keil 233. 

l!S• 21• 
Glu{N82) p(NH2) Glyc -...... -------cys---... -

' I • t • I I I 
I • • • • • I l ' Lys g ' Ala Thr I 

' • ' I I 

• ' 
f • • • I I 

I I t ' • I • Hi& C t 
I • I 

I 1 t I 

V 1 leu I 
I • I • 

'?yr Pro • t 

• J 
I 

j I 
I t 
I • t I 

ryp I.cue Met--· 

Araino acid Interchanges. 

Full lines directly connecting the sy bol.s or tv, amino 

acids/ ••• 



acids indicate standard no acid interchanges, i . e . interchanges 

which have been observed quite consistently; dotted lines represent 

in erchange whioh are probably also standard but ve not been 

reliably established. 

As outlined already the specific sequential incorporation 

of mino acids into a protein lecul depends on the sequence or 
code words, on the ssenger R.N.A. te plate . As yet no over­

lapping of the code words tor different amino acids has been 

de nstrat d. On the a sumption that each code word consists or 
t ee bases, one of which appears invariably to be uracil., 

th 231+, 235'" postul ted that only one or the t'WO re a1n1ng bases 

need be replaced to interchange the amino acids incorporated at a 

particular site in the peptide chain. 

To facil tate di cus ion it is nece ary to present the 

stages of protein biosynthesis in a simpli.!'ied form and consider 

the possible echani hereby the primary tructure of a protein 

y be altered at these different stages . uch a si.mplti"ied scheme 

is presented in fig . ;2 . The dif:terent stages are indicated by 

capital lotter A-D. 

Changes 1n the base sequence or genetic information or 

nuclear de oxyr1bonuele1o acid (DNA) . 

nowledge concerning the synthesi of D .N. • is too 

inco plete to warrant speculation but certain factors are worthy 

or discussion. 

utat1ons:/ ••••• 
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Ge tic changes are known to occur frequently in phylogeny 

nd produce the driving force tor the evolu i o :r new funetio 

in proteins b the addition or alteration of r eti e group . These 

will modify or change the specifity and r activity of enzY1nea and 

other proteins or peptides at their active sites. For instance, 

thi substitution of pheeylal nine !or iooleucine in he primitive 

v sotocin ot the frog produces th uch more acti e v opressin of 

higher ni ls. 

code ~rds u2 

Thi a1n involves only a si le c 

(1soleuc1ne) to u3 (phenylalanine) 234. 

nge in the 

Some 

utations ay or course e d leterious involvi the lo s of an 

enz • 

It becomes necessary then to consider some factors which 

will increase the r te of utations in a particular organ1Sl1l. The 

t r eatment of tob cco saic virus with nitrous acid results in the 

dea nation of nucleotides 236 n the fox-. tion of t nt strains 

or the virus 23?. Cytidine 1s converted to urid1ne, adenos1ne to 

hypox nth!ne nd guanosine to xanthosina. Th ... protein isolated 

fro such ut t strains 1s, in cases, diff'erent f'rom the 

protein pr-oduced by the original or wild ty or vi us 238. 

The classic 1 exampl of the production of a protetn th 

specif'ic pro rties resulting from a peeific st1 ulus or change in 

nvironment is the formation or antibodies. It is wellknown that 

the antibodies of' the newborn, at le st 1n n, are derived from 

the/ ••• 



the ther by placental transfer. The produetion of new antibodie 

are sti ulated by specific antigens. It 1 postulated that as 

result of the primary sti nlu, antigen nter tha nucleus of 

potential antibody for ing cells and produces a dification of 

desoxyribonuclei«:: acid (DNA). This leads to the reproduction ot 

te~pl tes (possibly r1bonucleoprotein) which are specifically 

related to t e antigen. Ho er, it is nece sary again to stress 

that d1f£erences in amino acid co position of ntibodiea have not 

be n de nstrated and Pa: ings 239 suggestion t t the specifity of 

t body is a function only of folding or the ptida chain, is 

still t disproven. 

Very- littl.e is no s to bow alterations in the compo-

sition and concentration of the substrate pool will effect the 

rate or tationa. It is interesting in this respect to compar 

the amino acid composition of alb · ns fro different .iucwl.LWQlian 

speci s - T le XXVIII. It can be e n that certain def'ini te 

differences re res nt. Illether these represent poi.nt utat1ons 

ind ed by the d r:ter nt diets consumed. by the e species ust 

rem in only a speculation. 

B. 

ltbough this hypot sis has not been test d e:xp ri n• 

tally, to our wledge, it is theoretically posaible that non-

genetically/ ••• 
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genetically deter ned changes in amino cid composition may be 

pro uced by incorrect tranacri 1ng or nuclear code to the riboso al 

R.1 .A.. te plate. This i.s unlikely to be a common error and may be 

undetee table. 
III. 

&P!n2 ru;id co @E!ti!P!! Qt §~rym al umin :f';com di e.:e~ 

Bmf!1AJ4~n ~ie§ ig g./io g, Rrotein. 

Species. 
no Acid 

a b C d 
Human Bovina Dog Rat 

Aspartie cid 10. 00 10. 91 8.9, 10.07 
Threoni 1+.88 ~-83 3.5; 5. 72 

rina 3. ;7 . 23 3.36 3. 77 
Glutamic Acid 17. 29 16. ; 16.18 17.lf.6 
Prollne 1+.38 4. 75 4 . ;i ; . 14 
Glycine 1.. 62 1. 82 1. 99 1.96 

lanine 7.91 6. 2, 6. 55 7. 89 
Cystine/2 ; . 73 - ; .12 5.i; 
Valine 6. 69 ,.92 0.11 ; . 5 
iethionin 1. 25 0 . 81 0. 78 1.~ 
Isoleucine 1. 62 2.61 0. 99 2. 
Laucine 10.83 12. 27 10. 99 10. 71 
Tyrosine 4.61 , . 06 ; . 26 6.oo 

henylalanina 7. 2t+ 6.i9 6.66 ; . a1 
Lysine 12.20 12. 3 11.30 11. 14 
Histidine 3. 6o lt.o 2.60 3. 2; 
Amide AillTlX>ni 1 . 02 0.95 o. 7 0.99 
Arginine 6. o4 5.90 ; .3; 6.o, 
Cystine . - ;.91 - -

I 

· = Present ~uthor. 

b = stein and t, ore 246. 

e = Allerton et al l 62. 

d = Peters 247. 
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§ta.OE$ C AND D. 

Ing netieally dete-r:rnined substitution or one amino 

cid for another all, or a large fraction, of the protein molecule 

contain the specific error. On the other hand, there could be 

errors in reading the genetic code, in attaching amino acids to 

appropri te soluble R.N.A. l eules and in assembling amino acids. 

These non-genetically determined errors hav been referred to as a 

kind or n noi n in tranami tting genetic infor tion and arise from 

the finite ability or chemical surfaces to distinguish among 

closely related chemical substances 2lt-O,. V. line, for example, 

might substitute tor isoleuc1ne , of the time o theoretical 

grounds .. 

This hypothesis was teated by Loftf1eld 2i..o who incubated 

oviduct tissue with dlfferent labelled amino aci.ds. The radio• 

activity in the isolated ovalbumin peptides indicated that va11ne 

was substituted ror isoleucine not m,re than onoe in a thousand 

ti s . This again demonstrates the remarkable precision of the 

biosynthetic mechanism and it is obvious tbe laws governing 

conventional cheinical reactions cannot dir ctly be applied to 

biological systems • 

.ncorpg;atign gr @lino apid .@al.gg9ffs into Rrot&!JUh 

The biological s1gn1f icance of amino acid analogues w1 th 

special/ • • • 



special reference to protein synthes1 as discussed by- Vaughan 

and Steinberg in recent review llf-9. 

The term amino acid analogue is used loosely to refer to 

a group of co pounds oh are closely related to, but not 

1dentieal with, n turally occuring amino cids. ples are 

tryptophan and 5- thyl tryptophan, thionine and eth1on1ne. 

ng the mino cids found in naturally occurring 

proteins, those st s1m.1.1ar in structure are distinguished from 

o another by the pr senoe or absence of 

1 . ethylene group {valine-isoleucina, glycine- lanine, 

sari -thr onine, spartio acid- glutamic acid, aspara.g1ne• 

glutamine); 

2. a hydroxyl group (alanine-serine,- phenylalanine-tyrosine, 

prolin -hydroxyprollne,- lysine-hydro.xylysine); or 
3. an amide group ( spartio acid- parag1ne,- glutw.c aeid­

glutamine) . 

The remaining amino acids differ re obviously from one 

another, apart fro le eine and 1soleuc1ne, where only the cont1gu.ra­

t1on of the carbon chain is different. T s amino eida c.an 

therefore be distinguished by the synthetic hanisms, but 1 t 

appears as 1! differenc s b tween, for exa ple, hydrogen atom 

and a nuorine tom can not be r cogn1 ed. It has now been convin­

cingly demonstl'ated that ethion1ne can replace ethionina 1n o(, 

lase/ ••• 
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amylase or Bacillus subtilis without errecting tha enzyme act1v1t,241. 

Similarly Black and Kleiber 242 showed that nor leucine can be 

incorporated into the casein of milk from cows. 

Nevertheless, these observations can not be used in ' 

support ot the ra~nt that SUQh errors in interpreting the code 

should occur with naturally occurring amino acids. In kwashiorkor 

we are dealing only wi.th a reduced pool or' normal amino acids or 

probably an altered composition ot the pool. 

Before amino acids can be transferred to soluble R.N.A., 

they are activated by specific enzymes. It is theoretically 

possible that these enzymes may be deficient 1n a protein-depleted 

state • .However, to produce alterations in the composition of the 

protein to be synthesised one must postulate that some enzymes 

are relatively more affected than others or are even absent. 

Absence or an activating enzyme tor one amino acid will · then result 

in the production of an incomplete proteifu This hypothesis is 

unlikely to be correct and has no evidence to support .it. 

A much more attractive theory is that certain enzymes, 

required for the activation or am1no acids or subsequent steps in 

protein synthesis, ay be inhibited by a lack of essential cofactors 

or the presence or enzyme 1nh1b1tore. 

The observations 0£ Kench et al 243 on the biochemical 

ettects/ ••• 



etf'ects produced by cadmium poisoning are particularly relevant. 

It is well known that many heavy metals inhibit certain enzymes by 

combining with the sulpeydryl groups in the ac.tive centres of' these 

enzymes. The isolation or a low molecular wight protein resembling 

albumin in rnino acid composition, from the urine or n and rabbits 

poisoned +-1th cadtn1unt suggests that such a mechanism might indeed 

operate in this case. 

The inhibition of one or nt>re enzymes required in the 

biosynthetic process ay lead to the production of an incomplete 

protein molecule which is eliminate rapidly 1n a manner analogous 

to Bence-Jonas protein in multiple elo tosis. 

ords ror eex;tain §.mill< acids. 

Al though the code v0rds for a large nwnber of the 

different amino acids are probably correctly Imo, , the exact code 

irords for others are still in dispute. There 1s also evidence that 

some amino acids are not coded for. For instance, proline 1s only 

hydroxylated arter incorporation into the polypeptide chain to for 

hydroxyproline and cystines are probably formed by the interaction 

of t'WO peptide-linked cysteines 241+. 

Ascorbic acid deficiency inhibits the conversion of 

proline to hydro:xyproline resulting 1n the formation of collagen 

with altered physical properties. 

The experi ents of Zubay 24' who studied the incorporation 

of/ ••• 



of unifor y labelled c14 glutamic acid and cl4 glutamine into 

soluble R.N.A. showed that glutamine was incorporated at a much 

faster rate than glutamic acid. When soluble R.N.A., ircub ted 

186 

w1 th ell+ glutamie acid, was isolated and the amino acid separated 

from the R.N.A., it could be shown that all radioactivity which 

was incorporated could be accounted for as glutamine. These 

results strongly suggest that glutamic acid is first converted to 

glutamine before incorporation and a eode word is only provided 

for glutamine and not for glutamic acid. 1milar observations 

have been made on the aspart1c acid - asparagine system. These 

results further suggest that the aspartic and glutamic acid residues 

in protein molecules are f'ormed by deamidation of the corresponding 

amides after incorporation into the protein molecule. If these 

observations are substantiated it becomes necessary to regard the 

mechanis s dete.rmining the hydrolysis of the amides as add! tional 

factors whereby the primary structure of a protein molecule may be 

altered. 

It is tempting to speculate that these controlling 

chanlsms may be interfered. w1 th in kwashiorkor bu.t more data 

must be collected before the validity of this concept can be 

discussed. 

It must be concluded from our studies, and fro the 

theoretical considerations which have been discussed, that a change 

in the composition, or a reduction in the available substrate pool 

au.ch/ ••• 
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such as occurs 1n kwasbiorkor, does not lead to alterations in the 

amino acid composition of serum albumin. Tha substitution in a 

protein mlecule of non-essential amino acids for essential amioo 

acids appears therefore to be an unlikely mechanism for the conser­

vation of nitrogen in protein depleted states. 

___ .._.. ___ ..... 

SUMMARX(' • •• 
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Y. 

The mino acid eomposi ion oi' serum albumin trom normal 

children and adults, nd from children suffering from kwashiorkor, 

prepared by three different ethods, was deter ned by the ore 

and Stein chro tograpbic techniqu • No differences could be 

demonstrated between normals and abnormals tor st of the a no 

acids. A de a nia determinations were ade on alburn1n from four 

t10r l indivi uals and four patients with kwashiorkor. The mean 

a de ammonia concentration in kwashiorkor a h1gher than in 

corresponding nor ls but, in view of the small number of sa ples 

analysed, the significance or these results is doubtful. 

The specificity or protein biosynthesis 1 discussed 

and certain eehanisms by which alterations in the primary structure 

of a protein molecule could occur, are considered. 

It is concluded that the r placement of essential amino 

acids by non essential amino cids in the protein n:>lec.ule does 

not operate as a hr'lnism for conservation of essential amino 

acids in a state of protein depletion. 
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