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In  the course of an investigatioo of the biochemical change* foUowins^ 
experimentAl liver injury we felt the need of a  simple, rapid, and accurate 
m ethod for determining the protein fractions in amount* ol terum. 
Among the simpler procedures known, the  biuret reaction seemed to  offer 
the m oft encouraging ponibilities.

Variations and improvements in the application ol the biuret reactioo 
to clinical chemistry can be traced in the worics of Autenrieth (1), Hiller 
(2), Fine (3), Kingsley (4), and Robinson and Hogden (5). Kingsley (6) 
simplified the technique by adding serum direetly to a **one piece” reagent. 
Efforts have been made to increase the stability of such biuret reagents 
with ethylene glycol (7), tartrate (8), and citrate (9).'

We began our investigation with Kingsley's (6) method and report 
briefly on the two main difficulties encountered in its use. The firat is 
that the total protein (TP) reagent and, to a lesser extent, the albumin 
(ALB) reagent are not sufficiently stable. The length of time they remain 
so depends upon the technique of their preparation. One consequence of 
this variable stability is a difficulty in duplicating calibration cnrres with 

'different lots of reagent. Errors may arise when results with a new reagent 
ar  ̂read from an old calibration curve. Serious entn  occur if a reagmt 

, is used after the separation of any black deposit gives evklenee of deterio­
ration.

A second difficulty has been that total protein estimations made with 
the TP reagent and read, as prescribed, from calibration ounres prepared 
with the ALB reagent have tended to be too low. Recorded in Table I 
are the results of a number of analyses in which Kingsley’s biuret procedure 
has been compared with the Kjeldahl method* on both normal and ab-

* Madieal R eeerch Fellow, National Reeeartii Coo^eil, Canada.
* We have had acceee only to an abetraet of thie p^>er. Evm  with 10 times the 

axnoont of citrate there stated the reagent hae beea foiwd a s s i z e .
* Kjeldahl diieetion with eopper eelenite eatalyit (10) heated U  to »  miavles 

after clearing. DietUlation into boric aeid and titraiioa with etandaid aeid (11);
*|m>tein •  nitrogen (eorrected f<w non>proteiiMutroten) X6.35. Values eo obtained 
were W + per cent of the reeiUte with a digeetion time of I  hour* or longer.

n \



. nonuftl hunuo and dog sen. It will he noted that, in mich a comparison, 
the ramlta for total protein by KingBley’fl method are invariably and con- 
udcrably Ioh’, while the multa for albumin are in reaaonably good agree- 
nient. Kmpley (12) reported low values for total protein by his method 
in patienta suffering from duxmie liver disease, but good agreement with 
the Kjeldahl method in normal individuals or persons offering from a 
variety of other diseases. We have noted the discrepancy in any serum 
^hen a result for total protein with the TP reagent is read from ^calibra­
tion curve prepared with the ALB reagent. The error, it is felt, must be
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C. B. 7.01 6.60 7.10
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16 " 6.S4 6.05
1 CCI4 liver injury 5.40 5.00 6.63 3.26 3.63

• - 10 *9 tt it 5.32 6.92 6.30 3.9B 3.22

attributed to differences in behavior of the two reageota, p^vpared and 
stared at different strengths, one diluted to Um s^ength of the other only 
at the time of analysis. Note, for example, that in Table I, sixth cidumo, 
where total protein is determined by adding diluted aenun to the ALB 
reagent, agreement with the Kjeldahl determination is satisfactory.

Our experi^ce with Mehl*H (7) i^ethod has been more limited. The 
reagent is stable but nut easily duplicated, especially if the ^ycol contains 
any reducing substAuces as impurity. Certain minor disadvantages of 
the method are not encountered in the procedures which follow.

Weichaelbaum (8) has described a biuret reagent stabiliied with sodium 
potassium tartrate and potassium iodide. It is characterised by ita hi^



of copper aad  low coooeotntioa of alkali. W bes a  bturH reactioo 
ii  devalaped wiih proteiD, Uie cbiuife ftppcan to  be flimply an inteiwifica- 
ttoD of the blue color of the reagent, thouch ipectrophotometric analyiie 
reveal* the preaeoce of the reddish violet complex w ith an abeorption 
maximum a t  about 545 m^- In  a  foot-note, this author deacribei a  ■ecood, 
l*dilute’* reagent an having the advantage of added •ennUirity when the 
analyst is using a spectrophotometer or photoelectric colorimeter. This 
reagent has a  HfUi as much copper, and the reddish violet color developed 
upon addition o f protein is clearly apparent.
«It has been our experience that the biuret reagents uf Weichselbaum 
possess the advantages claimed by their originator viith respect to stability 
and (^tical clarity when mixed with clear sera. Differences between the 
two reagents, objections to the first, and a paucity of informatim con* 
ceming the behavior of either led us, however, to reinvestigate in aome 
detail the factors affecting c t̂imal sensitivity, stability, and (Hectical 
usefulness of biuret reagents stabilised with tartrate. Our experiments, 
whichhave led to certain modifications in the reagmt and in its aji^ication 
to the determinaticm oS protein fractions in serum or plaamaritre described 
in the fdlowing section.

Study of Biurd fUagenU StabilUed ufith Tartrate

Coneeniratum of Copper—The concentration of cupric sulfate (CuSOr- 
5HiO) in the final biuret reaction mixtures of different inveitigatorH 
has varied from about 0.06 to 0.75 gm. per 100 ml., most commonly in t|ie 
case of serum protein estimations, from 0.1 to 0.2 per cent. Mehl haM 
related the optical density of reaction mixtures to copper concentration for 
a reagent stabilised with ethylene glyool. Comparable data for a biuret 
reagent containing tartrate are reported in Figp. 1 and 2.,

It will be noted in both Figs. 1 and 2 that, at the protein levels stated, 
color development increases with increasing coneentratioiis of copper 
Hulfate, rapidly at first, then more slowly* and finally (Ftg. 1) ivacbes a' 
s t ^  in which further additions of copper effect only a very slight, tmiform, 
and linear increase in optical density of the eopper̂ >rotein complex. 
Hiis last rise in the curve has been found to nsult from the chanfs in 
tartrate to copper ratio, because (Fig. 2), when this mtio is hdd constant, 
the curve becomes essentially horisontal over a wide range of copper con- 

'*bentratioQs. It will be noted that at protein leveb up to 0̂ 04 per cent 
(4 per cent in the undiluted serum) a reagent yielding a final copper sulfate 
codbentration oT 0.06 per cent would be adequate. For sera containing 
Abgut 7 per cent protein, the reaction mixture should eontain not less than
0.09 per cent copper sulfate and, fw levds up to^2 per cent protein, a 
concentration o ( 0.12 per cent is desirable. With the serum dilution uited,
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i® eopp* abofv ihh  ler«l m$km no apparant oantribution to 
Ih# bimet Its it the somewtutt undesirable one dC
ii r o iiBg tiM opCifld denrity of the rai«ent **bUnk.'*

Cmtemlrmtim 9f S^Mtm tfydrwnifo—The importanoe of sodium hy> 
b  th* bimei raacitioD has kxig been recognised and was studied in 

delefl by Risfaig aad Jofaaaon t^S). Before the dev^<^ment of 
thi bimvt reactioQ was senerally carried out in a

F n a . 1 S. Effeet e f  eoppsr salfste eoBMntrstion opoa «olbr derdi^Miw&t in 
U a n I  isS M sa  B lx lw ts  •OBtsintng p«r erat sodiiiin hydnndde and proieio eon-

Qurfe A, 0.U7 ptr e«it; Carr* B, OJ077 par eent; Ounre 0.090 per 
MBi* aad Carr* D,O.Olil per Mot. In Hg. I, theeodiumpotaeium tsrtrste eoDC«a> 
tralfam Is soasUat a t 0.48 par eant. l a  Fig. 3, tha tartrate eooaestratioo ia in each 
sass t j  tfaMS Ikat tiM eoppar aolfata preaaot.

about 3 per cent alkali. It was neeesssty to separate 
Bptedphate of eopric hydrodde before color (wpariaoos could be made.

(0) found that very h i^  eaocentratioos of alkali (18 to 17 pet 
ecBi) ptwVBted ouprie hydroxide predpitation and by this means obtamed 
f̂ driy stable “ob« pieee" bhiret raagents. 'With the introduction of re- 
agBBls gljreol or tartrate, the need for such h i^  levds of sodium
hydnndde was obriated. Mehl obtuned beat raaults with 2 to 4 per cent 

in the prcaciinr of ^ycol. Weichselbaum eoncluded that 0.4 per 
oMit hydroxide was optimal for reagents ^mtaining tartrate.



. Wt hsT* tb« •fleet of aDuIi oooositnlioo in a metioa
ndktm contoiBmg 0.13 par emt eoppv wlUto Md 0.48 par c n t sodium 
pntmmm  Uitimte aod ofaaenrsd th* eolor d»r«kfNUot liwini in Fig. 8.

U wOl be DoUd that with 0 J  ptt etai alkali aolor daralopoMnt m poor, 
boi that from » miniawim d  0.4 par a n t to aboat 7 par en t tba nauha

MINUTES
Fio. 9. TIm affMt of todhya hydroxMt «p M  •olor dm lepeeet ia U a n t  adstera* 

•O0taiain( O.lTptr ««at 9opptr ndfftte, 0.48 pm mmt rniAwm patmiwm tartral*, aad 
0477 ptr atat proMte.

ai« not maifcedljr diffemt. WHh tha final aoppar anHata aad tartmta 
eoQMBtntiona bora coaplosred, it would appear that nptiinal biuret eolor 
devtlopment oeeon with about U  to S.8 ptr east aOcah. It baa bam 
nbaemwl alao that aa incraaae in eoppar eooentntte tanda to M ft thii 
optimal alkalinity towaid higher Tatoaa. Vnm  tha Aapa of the eum a 
riiown it loan be noted thet the higher alkaH eoaewtfmtioae fcvor n aoHM- 
vhat Bore mpid daralopawBt of maximal eolor.
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. WHh hm eooeeotimtkos of alkAli, a metkn mixture will mMun clear 
forwveral days. WWn Irveb above aboat 3 per ctot are tMsd, the mizturr 
may but only after 13 to M houn, a riight 6oecu)ent coagulum. 
lU i piecipitatioa. which occiin when alkali alone it added to wruin, has 
DO «cniftGanoe for m dinp made at 80 ninutce.

rorMc—Hie uee of ■odiuin potaMium tartrate ai a stabilisiiig 
afent in the eopper-oontatning veacente for the determination of reducing 
MifaiB haa beiB known for many yean. Shaffer and Somogyi (14) found 
thal an amount of tartrate equal to about 3 times the weight of copper 

waa aort ntiaCaetoiy in their rea§Hit which contained approcd- 
mataly 8 pOT owl alkab. Wekhaelbaum employs triple amounts of tartrate 
in both of the low alkali bhiret reafonta whi^ he has deaeribed.

Wa confirm the obaenration that a 3:1 ratio of tartrate to
copper antfata is naeessaiy if a biuret reaffnt containing moderate amount« 
of alkali is to kaep k»fer than a few weeks. Having estabUshed a mini­
mal capper auUate conentration of about 0.1 per oent, it foQows that the 
reagMt muat eontain OZ par oent or more of aodium potaarium tartrate. 
The addition of sudi amounta of tartrate cauaea a very slight retardation 
of, but a rather diatinct diminution in the degree of» odor development 
wftMU protein is added to the reafent (Fig. 4). The prcaenee of tartrate 
doaa make it adrimble to wait somewhat longer before recording the optical 
density of the reaction mixture.

WeidMelbanm fdi it neeessary to carry out the reaction in a warm water 
bath. In fig. 4 there is alao recorded, with our modified biuret reagent, 
the effect of developing and reading the cdor reaction at different tempers- 
turea. It will be noted that the effect 4s very slighi after 30 minutes, 
amounting to about 1 scale diviskm for every 10* rise in temperature. It 
would aeem quite satirfaetory therefore to develop the reaction at room 
temperature, within, say, a 6* range. This avoi^ eotirdy the compli- 
eatkm of heating and, if tfa» color intensity is read at 30 mmutea, the chan^ 
ara ao dom that atriet timing ia not easential.

The inhibiting effeet of tartrate ia iUustrated further in Fig. 5. Here we 
record, for different ooncentrations of copper sulfate and a constant amouni 
of sodium hydroodde, the optical density obtained after 30 minutes in ihf 
prrasnm of inrmaring mtioa of sodium potaa^um tartrate to copper sul* 
fata. It will ba noted, first, that the greats the oonoentratiod of tartrate, 
for any fixed level of oopper, the Ian the oolor development when protein 
ia addad to that reagHit. A ooa^wriaon of identical tartrate to copper 
latfaw, for different oopper fevela, shows that the readinffi are virtually the 
saaar One can eoodude, then, that the effeet of tartrate dependa not 
on Ita actual oonesntratMii, but upon tha relative amounta of tartrate and



It wfll almdjr b« d w  UmU thr hrfnTior of a bnirat reapni ii affeetad 
bgr iu eontaBi of wpiNr  ̂ alkaH, aad Urtiat*. Aa attaapt h made to 
iOuftnte Om mtamhtioiMhi|M oT aD thm  ol then factois k  P%. 0. Hare 
a eompariMB ia mada ol the color deretopad upon addhkm at mnm  to 
rM«BBU oonteiiring two lavdi ct eoppar, aadb wfth 8 and 10 timH tha

Fia. 4. Rate aad ttogrw of eolor is  biortt rtMtioa aixInrM. O*
C u m  A, wiiboot tartr»t«, Conr« B, with 0 ^  par em t Mdiom potitriwin tartn tei 
•odiuni bydroxido 6 p«r oeat; pro4«ia 0M6 p«r etnt. • ,  Um tffaet of toaiporalaro 
oa a roaetioo nixtoro oonUininf O.U por oont ooppw m lfaU , 0 ^  par ooai tartrato, 
aad 2 4  por eont alkali; proUiB 0.081 por ooai.

amount of tartimta, and all four at alkali lovala ot 0.4, 2.4, and 4.8 per 
cent. All eoooeotratioiw ofaown are thoae in the final reaction mixtore.

From ft cooaideratSoa of Fig. 6 the foUoinng atatemanta can ba mada:
(1) In all caaea tha optical deniity ia freater with the lower tartnrta to 
eoppar ratio. (2) At the 0.4 per oeot alkali lerd, 0.13 per eeat eopper 
aulfata ia batter than 0.33 per cent for either tartrate ratio. (8) With 3i> 
to 3.6 per cent aodiuni hydrozkle, there ia no diffareoce baiwoHi eopper 
levela of 0.13 and 0.33 per cent at a 3:1 tartrate ratio, but 0.13 per cent 
copper ia atill aomewhat better for a 10:1 ratio. (4) When the alkali 
conceDtration ia about 5 per cant, the reafwit with 0.31 per an t eoppar



k  aom^wh^t hm m  tat •  3:1 Urtnl* imtio, but O.U and 0S2 ptt omt 
flOpiMr ■ulfaU am ritUiaStf idcntkal in reafnU oonteinmg 10 tinw  ̂
Ibtw aaovBU of tartnte.

AaoUMT iaportMit pffofwrtjr d  bmnt iMfnto fUbOiMd with Urtrmto 
ii tkt abmam of «qr Hrious t«idflQer to devolop tortnditr in the raMtkm 
nfartmv foDowinf tiM Addition of dear Mnun or r*—̂  Thnt one of 
tho BMfai diffleiihiei of Ktaplqr’t  iw fn t, and a oooovn with Mohl't 
pmodura, ia aToUed. CSoudkg win oeoor la iitnatioas in which the 
pvoldn eonwntration ii wrcewiyely high in nlatidn to the oopfMr oont«it

t t M
III

PROTEIN LEVELS 
--------- - ■ ^ 2 %  •

• ,
m l » n \

■jr" -ar
CO NC. of O iS 04<5H2 0

ria. A. IflMt of Um tuinM  to eopper MilfAto ratio, indlMtod irithiii tb* 
M lw M , oa tho of M kr doTtlopMtti. Stm m  protoin Itvolt u d  And ooppv 
ooMwtrmtioM M A ow a. Sodhun hjdraddo S4 por eoet.

of the leaiBnt. We feel however, in ■wertim that turbidity win not 
ariee at 1 in 100 diltttioBa of aera oontafaiing up to 15 per oent pro­
tein when the copper niUate level ii 0.13 per cent and the tartrate ratio 
4:1. Tartrate ii without effect on the precipitate produced by 3 per cent 
•Mtali after 13 to 34 houn.

Um €f PcUumum /odMf#—Shaffer and Sooioffyi obaerved th^, in tar- 
tratc-ffintaining eopper reageota for the determinatioa of redudng lugar, 
potaMhun iodide lerved to prevent “autoceductioa'' and lepaiatian of 
cuproui oxide. At room temperature, deterioration of the reafent waa 
mwvmtjtft hv 1 cm. of ootaanum iodide oer liter. For maarimal itability



jdtftaf IMriodi of hftinCi howmr, it wm neouam M  tfcat 5 pm. par 
litw b« addad. Wdnhanlhanm has ioeorponrtad 5 in . of pntaMhini iodfcfe 
par litar la Ua nagMta.

Wa hftva atodiad tha c l l^  of oasiuinc pnfaaiinBi iodide mUnty aad, 
wUfcinon than 100 diffanot prapaimtkM of tha raafent, h m  aoooimtarad 
guproui  oiida peedphatioo k  oaky om matanca lU a  raductioa, ja d

FM.9. TbelatwreUUtoeshipsef eopper,t»itrsl#,SBdalkaU#ooeeelr»tieeala a # 
bittftt riiinat. O»0.12pere«ateopp«rMlfftto, • »O JS p «M o tM pp «rM lfftU .

indeed the ao called autoreduction, wa feel bound to refard aa due to i 
eonUmiiiatioQ, or impuritiea in the chemicala uaad. It ia wall known that 
potaaahim iodide favora the reoxidatioo of redneed copper and nmy thare- 
foce maak the preaence of auoh impuritiea. It would aecm that pntMmiim 
iodide can, with reaacoable MUetjr, be omitted from the reafBOt. If» 
under eonditiona of prepftratioo or uae, any tandgny to redoelion ihoold 
be noted, I pn. of potamium iodide can be inehided in eaeh liter of ra- 
•fnnt. The preaeoce of thia amount of iodide baa no deteetable effitfct 
upon the rftte, degree, or quality of biuret color production.
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i l M i  h  wUih wfll w M  wilk af.
M M yaiid tttW M ttatftlN rM ltlw M w tttk M M M d -ab ar* . TU  
4irt» pHMrttd iMvt bd oa to pnUr % im§mt aat^M i^ a u  fm  mmi 
M ppv N ifcl*, Oj5 par « ■ ! wdim  pntawhim tertn lt, n d  SjOp« Mat 
wtMmm iwhwddi (with 0.1 pw o« t prmMhiB lodkla optlooal). W kn  
tU i PMfMt b  aixad in • pnportkn of 8:3 wHh.l ta 90 d ttu tte  of »- 
nmk, tiM ia a l iw etta  ■Utuft  oontaiM foar4tfUit of tht abow nmiiMi 
tn tliM . Satk ft trngmt woriu wBpaidingly wdl W tha Bnljra pholo- 
ilM trio aad evtftia oClMr edorimaton. WHh iaatniM BU that an  
■QrtMwfaat hm wa wwomnwnd that S mL of dihitad prolafai
nhitioB be oMd with 7 n l. of a raagent contoinhn 0 ^  p« mM eop- 
pw ■nUftte, IX) per e n t •odium potaffhtB tartrate, aad tA  par amt 
•wHubi hydroadda. If raadinfi are made la a iingle cwette raquiring 
10 flol. of ookitioa, tlie vohime of rtafeni can be jnpraaawl to allow S to
S ad. of fluid lar riniiDS> ^

tkUnmnaUon cf Sm m  Total i*r9Uin, AOmmm, md Glodalme
An adapti^iaq of the biuret method to the eatimatioa of paoteia fiac- 

tioaa, aapawied by fOnfriey*! (0) modifioatkm of Howe’a proeeduie  (but 
a t«  1 in SO dilution), ia daaeribed in detail. The aaae fnend  taeh- 
niqoe can be applied to protein fracticoatiooa by the mlfite method of 
CampbeU aad H uuu (15), the alcohol method of PiDMner and Hutehisi- 
non (10)̂  or the modified auUate method of Majoor (17).

fU agaU »—
Bimwl reapefU. Weigh gn. of cupric autfate (CoSO^'UliO) aad 

QJH gm. of Mfhim potaaaium tartrate <NaKC4H/>i'4H^}'; tianifOT to a 
dry 1 liter volumetric flaak, and diaaolveiin about fiOO ml; of water̂  Add 
with eonatant awirling 300 ad. of 10 per oMit ■odium hydroside (pfepaied 
inm  atook, earbonate-free, 65 to 75 per cent andium hydroside aoh tioa). 
Make to volume with water, mix, and atore in a paralBn-lined bottle. 
Thia raagBPt ahould keep indefinitely but muat be diaearded if, aa a raault 
of eotttamination or faulty preparation, it ahowa aigna of depoM ig any 
bkuk or raddiik preeipMate.

ObM in pn dpilmit. (a) Sodinm a u lttte ,-^  per eant; (5) ethyl ether.
jSadraai eUfridf, 0.0 per en t.

Proetdure
.s/S a leet three ookirbneter cuvettea (or teat-tubaa) and maik theaa Cuvattca 

B (blank), T (total protein), and A (albumin).
Into Cuvette B pipette iJO ml. of 72A per eeot aodium auUate aohitk». 

‘‘blank*’ will aerve for all the protein analyaea being carried on at any
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IbIo ft tabs am tm n, wM i as OrtwaU pipttto, 0 4  n L  of
M nni aad add m L of t t t f  p v  M B i m U w  iia lbt*. 8 lo | i^  th» tab*
nd a i t  tfcoree^tfy b j jafwriw (mC by dwUdes). Ai mm tnmMm &0 
■L c f tb t m ixtan  lo  Omrvtt* T.

To thf noMiabig mbom  add S aL of Mhm, mix lor SI
wunadi, oip, «ad oM trifi^ 8b»t tba tub* aad UmaaUr t O m L c t ^  
iqoMM pban to OtVBlie A.

Nov iflio aaeb of tbo tbrao cmroitoi pipoUo 84) bbI. of binrft n a fn i aad 
nfai thoraachlT by avrirtinf. ADoir thMi to al̂ iid (or SO niantaa ai rooa 
taoHMfatora (30-35*).

Viinc a pbotooleetrie ootoriaaMar, or ipaetrapbotoaMlar, traonittiBS 
DaaxfanaOy at 540 n#, adiuat it to 100 por OMt tnuMBiWoB wMi tba 

b̂laak** Covetta B in poiitioo, Raplaee Cwatta fi wHh CmraM» 1 
ukd A in turn and raeord tba pereantafi tnuminioB (or opckal dMitjr) 
)f aaoh.

Obtain tba ooooHitntioo of total protob and of attNnniD in tba affuaa 
gr nfonoce to the calibratioo curve; the total prataia nrinin tba atbomiB 
(fwm tba ikibvfin oooeoBtratkiD.

CaUhraiwn Cvn t  Ptpetta SjO ml. of daar, sormal Mntm iDto a atop- 
innd, graduated cytinder, dilute to'fiO ml. with 0.0 pgr e n t todmre cUorkla, 
ind mix.

Prapaia in duplicate a mhm cf nine euvettea (or teii^bea) aad iato
them pipette lUOoemiTBly 3J), 1 ^ , 1.70, 1,40, \J30, liX>» OJO, aad
1,00 ml. of 0.0 per cent Mline. Tbn, io the mbm ocdor, add 0 ,0J5, OJO, 
).45, 0.00,0.80, liX>, 1.30, and 1.40 ml. of the diluted eeniat.*

Now pipette into each cuvette 8.0 ml. of biuret reafnt, aaixt Md nad 
liter SO minutOT m  above.

Kjeldahl nitrogRi determinations can be eanied out ob tba m ainiBf 
lihited oerum. TW total Ditrogen cooteot of 100 fld. of aann, aorrretad 
W non^protein nHrogen from a i9p*rate detenainatioB ob tba origiBal 
lenun, givea protein nitrogMi which, multipHed iff 6.35, ia lakaa aa the 
itaodard protein odDoentratioo.

Plot the tcaMminiion or denaty vahiei obeerv^affuaat Q.X5, OJO, 0 ^ ,  
).00, OJO, I jo, 1.3, and 1.4 times tha protein conentntioB of Om standaid 
■rum.

AmmKs *

The ealibratta curves we have obtained using the iaa f» t and the 
aathod deecra>ed above obey satirfaetorily the laws of Laaibert aad Bav.

• For work wHh ■!. « •• •* O.M. 0 .0 .  O Ji, a J , 1J ,  U v  l-ir sad  t J  Ml.
rfdilirt«deinw,M sdt(olJMl. withMliM. P le itb s tru ssM e e  vslasssfyssia,

ssd 1.4 tw w  tWpfoUfcs tiiegsetriline sltb s Hss<lsi4



AdtfkikHifblMMlorBMiloemlB tiM iwetfcNi btcuam m proportkm 
^  Iht * lm  IIm pffDUta "bhmi’* eomplMi, bui.th« «ffeoi on the
mtimUkm m M M t itMVwly apiNUvit etw  at nniin protein oonoentf»> 
UoM ARNnd 10 pv M i. !■ ng. 7 m typieal tmUbrmikm cum  b iihown, 
pliMiJ «» MfafwHbmio paper. With tbf Eveljm ooloriimter our K 
ftthM (d  ^  log 0)/eooeMtratioa) has avenifBd about A80 with a range in 
a i j  «M fttnre of AlO.

fto .7 . OMtttattaaear 
i M B i p r i l h a i i i f f e p h

fer proCeia U m atioiM  with th« Uoret reageat, plotted

Total proCeia and analyeei made with the modified bhiiet n-
i^mt htm  compared with vahiei cakulated from KjeldaU nitrogen 
dalHirintiaM en the mtm em ; the raeuHa are ihown bi Table II. It 
CM ba MB tiMt the fainret aad Kjeldahl multo ean be expeeted to agree 
wiihte abM  0.1 gn. per M i of proieiD. The obeenrad diffenoM tra

Ib cm  rtpmnmm

o m evm u m

, the M  of tartfate-etabiliied biuivi reagmta offen a 
flKlhod-for eetimating the proteini of leruni or plaama.



The valiMi obUiaed dtpmd ultimfttdy upon •  KJekUhl nitrofRi detmr- 
mioAiiao, benoe upoo an ftbiliiy to perform wch u  ftOAlytit Accur*t«ly» 
And with the MMmpiioa of Jhe factor 0.35. At preewit th ^  appean to 
be no praetieal metluxi oi ftaodafdiaitioa fitperior to nitrofen analymt.

Tablb n
a f Comparison T o U A 'P ro ^n  m i  Alkumim Analif$4t bp B iu r ti and 

KJMMM9thcd$
TIm raliMt V  bmmutW la gm. ptr Mat

TNyMMa
DiBpMit •

flilliil Wtfft KIMaU Witm

A. Q. 
C. B.
B. B. 
J. D.

Noraul
M
II
««

. 7.41 
7.01 
7.M 
•.70

7.tft
7.0ft
7.0ft
ft.fO

PooM 7.41 7.1ft
H. 0. «< 7 .« 7.00
P. Pyaloosphrltis 4.10 4.10 1.40 1.40
R. PMOIDOBiS 7.13 ft.Ift S.7» 1 SI
0 . Rhuniatotd srthrltts •.10 ft.TO
C. arrhosis •.•7* 7.0ft
L. ObvinMtiTt Jmadios 

(•tmm bUirubio, 31 
me- %)

i.M •.•3

M. Obsimetirt jaoatfat f .n ft.OT
E. Iip<rfd D^riirosis • .• • •  •ft
T. Lapqs irythsntnsas ft.3ft •  30

Oo(No. U Normal •.•7
1« 14 •.•4 ft.ftft
17 M •.•0 •.•0
10 OCI4 Utst ia|wy •.08 •.•• Sift S.M
13 it  ̂*4 M 7.30 7.a
M M M <1 $.U •  40
17 44 44 41̂ 3 .n s.aft
4S

-  300 mg. %)
•  Oft ft.U •V

The procedure deacribed for total protein determinatioBa mTolrei re- 
diwolving Ihe globulina precipatated bj endioiB eulf^ or other a^Bite. 
No difficulty hae been experienced with thia technique, oor haa tha pteacDre 
of aolfate any effect upen the rate or decree of oolor develoiMBent. Hodium 
sulfite and methanol (at a final conoeatimtiaii of 2.1 per cent) may canee « 
very ilight increaae in color inteniity, but for practical purpoeea the effect 
is nestigible.

It ia pertinent to comment briefly cn a few special pointa.



7nM/n'iPi| FneHrr$—Th«'e art practicnlly no milwtAnrns oihor thun 
pfVMi <n hfoloKicfil fhtHs whirh jive the hiun*f n*»r<ion, corfninly n«)nf* 
th*t mus  ̂ngpiiflnint int r̂fpimop. Thp pigm«*nl, hllinilttn, alworlw liuhl 

’ w y  weakly at MO mii- W«* confirm KinKnlry V (ft) iliM nonim
WvHiiiiikiKh M 36 mn- por cent introdur<» (nt the dilution omployad) an 
•iTor not RTpat^f than O.I gm. per cent proti^n. Although Ammoniiifn Ion 
ii A diiturhinK fiictor in the biutri reaction, the amonni preaent when a 
mixture of amnionium and potamium oxalatea ip used an aniiroagtilani 
will not OMMe any m|(ni(icant error. With the method deMrrilied. ammo- 
nium  iulfat« cannot 1)e used a» a  glol̂ îhn precipitant, but its interference 
can bt m inim ited (a) by analymti of the ncparated precipitate or (b) by u»* 
tnc a  fea^m t ooBtaininK 8 to 10 per cent alkali.

Cartful aeparation of the serum or planma should avoid the disturbing 
effect of hemolysis, and, if the patient is in the fasting state, the specimen 
wiD almoat alwaya be clear. 'I'here are certain diseasefi and situations, 
however, m*hioh give rise to Itpemic sera and it is then necessary to vary 
the technique somewhat if the reeult« are to have any significMice. Such 
aera yield a somê v’hat cloudy reaction mixture and clearing must be effected 
before readines ran be made. For this purpose u-e have used Kingsley’s 
(6) method of adding 3 ml. of ether. The phasee are mixed by flicking 
the tube for a definitie period, say 10 or 20 seconds; the mixture is then 
eentnluged in a capped tube and the aqueous phase transferred to a new 
ouvette for reading at 30 minutes. This technique introduces a dilution 
error «*hicfa in our hands has amoimted to about 3 per cent. It is necGH- 
mry for each worker to establish this correction, not only by measuring 
the change in volume, but by noting the optical density of a clear reaction 
iBixtwe before and after treatment with ether. The use of petroleum 
ether (ligroin, b.p. 70-90^ wiD avoid the dihitioo error, though occasionally 
the two phaaea may not separate quite so readily.

Afe oS S^rum—Wokes and StiJl (18) have reported that the intemtily 
of the biuret color reactioD increases rather strikingly as plasma ages. 
Our own experience is not in accord with thar finding. If serum, or 

l^aama, has been removed within a reasonable time (| to 2 hours) 
and atorad und» conditions in vdiich it remains clear, no significant diange 
haa baai obaerved in the protein conoeBtratioo determined by the biuret 
rMrtion at 2, 34. or 168 hours.

Bmm Rtaetimi wiik Differeni /VateiiM—Although the exact nature of 
Ihe *ixnxct** oonplex is atill unknown, it is î Tparent that the acctirate 
rtfitfnninstinn of aerum protein fmctioiiB must presume a  constant, aver­
s e  mtmber of groupings which combine to give the reactkm. Evidence 
sapporta the view that in thia jeapect the biuret reactkm is a more reliable 
_guMtitativc metliod for protein eatimation than one depending on the



rfifiltttil nf wmw pftrtkniUr MnliM> ackl. Aut̂ nriMh M) «nH RobifMion mkI
(5) th  ̂ eolnr d r̂lf^pnMni by iipnim nlhifmm wh]

ifhnf< m vliiiiiUly irimtiml. Khir (3), Kinipil  ̂ <13;, mkI WrJkm mkI 
Htill (IH) hnvf* repf r̂t̂ l Appnrf*nt rliffrrmrm ^  (w4i«vkir t4 two fnt- 
tHKM in the lihimt mtctkm.

WehaverlH r̂mirmiOi«/C v»tiMi ({2 -  whkh•refnfnp•r»^fl«
Uf rxiinrtifin rviHnrimtii, (or the prci(«ifM lintori in Iff. The pffiUm 
r(inmitmtum (C) in Mirh rMe Hm c»lcul»t«ri from « KieM«hJ nitmfm 
<leU>rminati(m, ciirreeicd ixn nofWfmjiHA nHrogBi . awl with the faeUir 
A.35. 'Phi* K  vftluMi differ from the MO pnrinudy n^tiofied bê wme the 
reftfeni uned frir thM experimeni wm of rfighlijr different rompoertwii. 
It will l>e not««l that, Among the protetiM tflvled, all the albamfM and

Tasls III
K Valuiu far PrMHn*, Cutfmr^kU t» MaHnetipn

WMwcWpMMto {

Hum*n Mnim «Jbtiailn ' m
"  globuHn* .« I *  M 4

"ftbnornui*' M rn a  glabvlia (pf44. wftk l i - 1 %  ! H$
Nai0O,)

•rruni (pooled) *19
Dof “ **
E d  dbunrin 
C a ^ n  
^Ma
0 « l* lia  (aniflMl)

U7
Ml
UA
<7t

globulina ohow ewenfiany kfarticai mtoca The m n h a  w itk -cM ca «ad  
aetn differ to  aome exteal, whfle fe la ia  tko tn  a  jmther a t r i r i f  diMenmet. 
ooe which waa appwcnt lia b iy  m  a  Mocr t a i .

The authon gratefoBy ackBcnHedge tke raised 
Dr. Andrew HuBter d u r^  tW pnpantkm <d iImb rvpori.

Amoog the awtboda of 
the uaa of potaaam

The tartrat»«tahaiaad 
veata^ted in aooae detail aaKl haa beM aaaAM to m a m  h a  eofiper, 
more alkali, and leap or no potaaiinn kKfidr.

A simple proeadure for the dttatMsntian of I 
and globuliiie m Hmerihod



766 fSSUM raoTEsr DnxRvmATioiY

The biuret rMetion is approved m a nmple, rapid, yet highly satisfactory 
and aoeunte method for the detenninatioD of the protein fractions in 
Mfum or piama 
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