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TABLE 5-1 Suggested Wavelengths for Quantitation of Protein Zones by Direct Densitometry

Separation Type Stain Nominal Wavelength (nm)
Serum proteins in general Amido Black (Naphthol Blue Black) 640
Coomassie BrilliantBlue G—250 (Brilliant Blue G) 595
Coomassie BrilliantBlue R—250 (Brilliant Blue R) 560
Ponceau S 520
Isoenzymes Nitrotetrazolium Blue 570
Lipoprotein zones Fat Red 7B (Sudan Red 7B) 540
Oil Red O 520
Sudan Black B 600
DNA fragments Ethidium bromide (fluorescent) 254 (Ex)

590 (Em)

CSF proteins Silver nitrate —_
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TABLE 20.2

Protein

Prealbumin
Albumin

ap-Antitrypsin
az-Macroglobulin
Haptoglobulin
p-Lipoprotein
Transferrin

a

Fibrinogen
Immunoglobulin A
Immunoglobulin D
Immunoglobulin E
Immunoglobulin G
Immunoglobulin M
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Concentration Range (g/L)

0.15-0.36
39-51

2.0-4.0
1.5-3.5
0.4-2.9
2.7-74
2.0-40
0.6-1.4
1.0-4.0
0.4-3.5
0.1-0.4
50-600 (ug/L)
7-15
0.25-2.0

el glite glp (g 5l Ui il b aF cudls bl 4 Wl

Molecular Weight

62,000
66,000

54,000
725,000
100,000 (Type 1-1)
380,000
80,000
185,000
340,000
160,000
180,000
180,000
150,000
850,000

031-37138
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Actions

Binds thyroxine; transports vitamin A

Oncotic pressure; amino acid reservoir; carries
small molecules

Protease inhibitor

Protease inhibitor

Binds hemoglobin

Lipid transport

Transports iron

Component of complement system
Clot formation

Surface immunity

Binds to mast cells; hypersensitivity reactions
Humoral immunity
Humoral immunity primary response
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Figure 20.2 Plasma protein electrophoresis pattern in agarose gel is composed of
five fractions, each composed of many individual species. Some of the major pro-
teins are shown here in an artist’s rendition for clarity. a;Ac, «;,-Antichymotrypsin;
m;Ag, uy-acid glycoprotein; a;At, w,-antitrypsin; «;-M, ay-macroglobulin; «-Lp, o-
lipoprotein; Alb, albumin; AT3, antithrombin ll; f-Lp, f-lipoprotein; complement
components Clg, Clr, Cls, C3, (4, (5, as designated; Cllnh, C1 esterase inhibitor;
Cer, ceruloplasmin; CRE C-reactive protein; FB, factor B; Fibr, fibrinogen; Gc, Gc-
globulin (vitamin D-binding protein); Hpt, haptoglobin; Hpx, hemopexin; immu-
noglobulins Ig4, IgD, Igk, IgG, IgM, as designated; luTl, inter-u-trypsin inhibitor; Pl
plasminogen; Pre A, prealbumin; Tf, transferrin. (Modified from Laurell CB: Electropho-
resis, specific protein assays, or both in measurement of plasma proteins? Clin Chem
19:99, 1973, with permission.)

+Anode

€ Albumin
€ o4-Antitrypsin

& op-Macroglobulin
€ Haptoglobin

: B-Lipoprotein
Transferrin
* c3

Immunoglobulins

— Cathode

Figure 20.1 Positions of major serum proteins in a normal person using electro-
phoresis in agarose. Individual proteins separate according to their electrical charge
between the anode (positive pole) and the cathode (negative pole).
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Capillary serum protein electrophoresis

Comment: normal

pg. 13

Fractions % Ref. % g/di Ref. g/dI
Albumin 61.7 55.8 - 66.1 44 40- 48
Alpha 1 3.6 29- 49 0.3 0.2- 04
Alpha 2 7.8 71-11.8 0.6 05- 09
Beta 1 5.9 47- 72 0.4 0.3- 05
Beta 2 4.4 3.2- 6.5 0.3 0.2- 05
Gamma 16.6 11.1-18.8 1.2 08- 14
A/G Ratio:  1.61 Total Protein :  7.2¢g/dl
031-37138 Lol Mo 558l gmgily oK bol




Comment: acute inflammation

pg. 14

40
Fractions % Ref. % g/dl Ref. g/di
Albumin 57.6 55.8 - 66.1 4.1 40- 48
Alpha 1 6.3 29- 49 0.4 02- 04 H
Alpha 2 13.6 71-11.8 1.0 05- 09 H
Beta 1 5.6 47- 72 0.4 0.3- 05
Beta 2 5.6 32- 65 0.4 02- 05
Gamma 13 11.1-18.8 0.8 08- 14
A/G Ratio:  1.36 Total Protein :  7.1g/dl

031-37138
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0.24

b

Fractions % Ref. % g/dl Ref. g/d|
Albumin 49.6 55.8 - 66.1 3.3 40- 48 L
Alpha 1 59 29- 49 0.4 02- 04 H
Alpha 2 12.9 7.1-11.8 0.9 05- 09 H
Beta 1 6.3 47-72 0.4 0.3- 05
Beta 2 5.2 32- 6.5 0.3 02- 05
Gamma 20.1 11.1-18.8 1.3 08- 14 H

A/G Ratio :

0.98

Total Protein :  6.6g/dl

Comment: chronic inflammation- polyclonal gammopathy

pg. 15
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Fractions % Ref. % Conc. Ref. Conc.
Albumin 358 < 453-67.7 2.4 34-52
Alpha 1 5.7 29-6.8 0.4 02-04
Alpha 2 12.6 6.2-149 0.8 05-1.0
Beta 9.0 8.1-18.0 0.6 06-1.1
Gamma 369 > 8.8-245 25 06-1.6

Comment: monoclonal gammopathy

multiple myeloma ,s ;1,50 g s s 3989 551 595!

- Albumin C-—
e >~
_ -
— .
W

Light chains

- Immunoglobulin -—

Serum Urine

Figure 20.11 Serum and urine protein electrophoretic patterns in a patient with
multiple myeloma. Serum demonstrates a predominance of the larger complete im-
munoglobulin; the urine has a large amount of the smaller-sized light chains, with
only a small amount of the whole immunoglobulin.
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Figure 19-7 Comparison of serum (Ser) and citrated plasma (Pl) from the
same individual demonstrates the position of fibrinogen (arrow) in plasma that
should not be confused with a monoclonal immunoglobulin.
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Abnormal result with myeloma cells producing
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1
L

Fraction Rel % g/dl
ALBUMIN 199 — 233 —-
ALPHA 1 29 — 034
ALPHA 2 6.8 — 0.80
BETA 6.9 — 0.81
GAMMA 634 +++ 7.42 +++

(@) (b)

Figure 10.1 (a) Capillary zone electropherogram performed on serum from a 42-year-old man. (b) Immunosubtraction of the serum
from (a). (Paragon CZE 2000.)
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Cir Nor Ser Ur
A B

Figure 20.4 A, Serum protein electrophoresis in cirrhosis (Cir) shows more rapidly
migrating albumin compared with normal serum (Nor) because of the additional
negative charge from covalently linked conjugated bilirubin (i.e., &-bilirubin). The
v-globulins are broadly increased in the polyclonal elevation characteristic of cirrho-
sis of the liver. B, Protein electrophoretic patterns of serum (Ser) and concentrated
urine (Ur) in a patient with nephrotic syndrome. Smaller molecular-sized proteins
such as albumin are preferentially lost from blood into urine. Larger proteins such as
ay-macroglobulin and B-lipoprotein are retained in the blood and constitute major
bands in the serum pattern.
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Figure 19-10 Patterns of urine protein electrophoresis in different disorders.
(1) Severe glomerular proteinuria with a major band of albumin plus a secondary
one of transferrin (*). (2) Trace proteinuria with a faint band of albumin and other
diffuse proteins. (3) Immunoglobulin light chains in a case of multiple myeloma (*).
(4) Tubular proteinuria with multiple bands that do not correspond to major serum
proteins. (5) Hematuria with a major band of hemoglobin (not to be confused with
monoclonal gammopathy), in addition to albumin.
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Figure 19-9 Serum protein patterns in (1) chronic inflammation with decreased
albumin and increased y-globulins; (2) acute inflammation with increased o;-
fraction (haptoglobin) and decreased C3 due to activation and consumption of
complement; and (3) inanition post-spinal cord injury with hypoproteinemia of
several fractions.
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Figure 20.3 Bisalbuminemia. Serum protein electrophoresis with normal pat-
tern in right lane and bisalbuminemia consisting of two equal intensity bands of
albumin in left lane. The additional band of albumin in this patient migrated more
slowly than normal albumin into the a;-region.
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Figure 20.6 Immunofixation with transferrin antibody to test for presence of cere-
brospinal fluid (CSF). Ser, Normal serum showing position of transferrin (Tf; double-
headed arrow); CSE normal position of Tf and asialotransferrin (aTf, single-headed
arrow); Pt Ser, patient serum included to rule out electrophoretic variant of Tf; Pt F,
unknown fluid from patient demonstrating bands of both Tf and aTf that confirm

the presence of CSF in that fluid.
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Table 4.8 Hematological Features of a- and 3-Thalassemia

Disease CBC
«w-Thalassemia®
Silent carrier Hb, normal; MCH, <27 pg
Trait Hb, normal; MCH, =26 pg; MCV, <75 1L
Hb H disease Hb, 8—10 g/dL; MCH, =22 pg; MCV, low
Hydrops fetalis Hb, <6 g/dL; MCH, <20 pg
[3-Thalassemia
Mirnor Hb, narmal or low; MCV, 55—75 fL®; MCH,
19—25 pg
Intermedia Hb, 6—10 g/dL; MCV, 55-70 1L
MCH, 15-23 pg
Major Hb, =7 g/dL; MCV, 50—60 fL; MCH, 14—20 pg

Hemoglobin Electrophoresis

Marmal

Mormal

Hb H, 10—-20%

Hb Bart's, 80—90%
Hb H, <1%

Hb A,, >3.5%

Hb As, variable
Hb F, up to 100%
Hb As, variable
Hb F, high

“Mentzer index for children is <13 for both a- and 3-thalassermia.

MOV Abnormal: adtdt, <80 fL; children (7—12 years), <76 IL; children (6 months—8 years), <70 1L

Mentzer index = MCV/RBC count
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Table 4.3 Major Features of HbS Hemoglobinopathies

Disease Hemoglobin Variants Clinical Features
Sickle cell trait Hb AS Hb 5, 35—40%; Hb A;, =3.5%
(heterozygous) Normal hermoglobin
No apparent illness
Sickle cel disease Hb SS Hb S, =90%; Hb Az, <3.5%; Hb F, <10%; no Hb A

Hemoglobin, 6—8 g/dL
Severe disease with chronic hemolytic anemia

Sickle cel Hb S3° Hb S, >80%; Hb Az, >3.5%; Hb F, <20%; no Hb A
3%-thalassemia Hemoglobin, 7—9 g/dL

Severe sickle cell disease
Sickle cel Hb 83" Hb S, >60%; Hb Ay, >3.5%; Hb F, >20%; Hb A,
37 -thalassemia 5-30%

Hemaglobin, 9—12 g/dL
Variable mild to moderate sickle cell disease
Hemoglobin SC Hb SC Hb S, 50%; Hb C, 50%; Hb F, =5%
disease Hemoglobin, 10—12 g/dL
Moderate sickling disease but chronic hemolytic anemia
may be present
Hemoglobin S/HPFH Hb S, 60%; Hb A, <3.5%; Hb F, 30—40%
Hemaglobin, 11—14 g/dL; no Hb A
Mild sickling disease
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