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7c.  Identify the principles and procedures for protein analysis for serum, urine, and CSF specimens to include structure, metabolism, clinical significance, reagents, procedures,   and expected values.

  (1)  Chemistry and Physiology of Proteins

    (a)  Composition and Structure:

      1  Proteins are large molecules composed of chains of 

                   Alpha or essential amino acids

        a    General formula for an Alpha amino acid is R-

          CH (NH2) - COOH.

        b    At the proper pH, amino acids exist in an ionized form.

          1  Carboxyl group (-COOH) loses a proton to water.

          2  (-COO- )group is formed.
      2  Twenty different amino acids have been isolated from various 

        proteins in the human body.

      3    Amino acids combine with each other in long chains 

        containing 50 to many thousand:

        a    Linked together by peptide bonds.

        b    Peptide linkage is the bonding of the amino group 

          (NH2) of one amino acid with the acid group (COO-) of 

          another.

        c    Acid group is the carboxyl group (COOH) that has lost a 

          proton and donated it to the amino group.

        d    Chains of amino acids are called polypeptides (6-30 

          amino acids).

        e    The protein molecule is an elaborate polypeptide of 40 

          or more amino acids in a chain.

      4    The charcteristic sequence of the amino acids 

        determine the nature of the proteins which they form.

      5    Chains of molecules may be twisted about each other to 

        form a helix pattern characteristic of certain proteins

    (b)  Classifying Proteins

      1    Simple proteins - contain only amino acids and their 

        derivatives.  Examples:

        a    Albumin

        b    Globulin

      2    Conjugated proteins - contain non-protein substances called 

        a prosthetic group. Examples:

        a    DNA, RNA - Nucleic acids

        b    < Hemoglobin - chromaprotein

        c    < Mucin - mucoprotein

        d    < Lipoproteins

    (c)  Characteristics of Proteins:

      1    Because of their large size, proteins behave as colloids in 

        water:

        a    Particles held in aqueous suspension due to a marked 

          attraction between water and protein molecules.

        b    Suspended molecules of protein are called:

          1  Hydrophilic colloids

          2  Lyophilic colloids

      2    Proteins are described as amphoteric 

      3    The pH at which proteins are electrically neutral is called the 

        isoelectric point:

        a    Net charge of protein is zero; therefore, molecules will 

          stop repelling each other.

        b    If the solution is a salt solution of proper concentration, 

          then:

          1  Salt molecules compete for water and become     

            hydrated.

          2  Protein molecules will become dehydrated and 

            precipitate, which is called 'salting out'.

      4  Denaturation of protein may occur by the following ways:

        a  Heat

        b    Ultraviolet light

        c    Surface action:

          1  Detergents

          2  Chemical solvents

        d    Radiation

    (d)  Physiology of Proteins:

      1    Proteins are involved with:

        a    Transport

        b    Enzymatic catalysis

        c    Osmotic pressure (control)

        d    Coagulation

        e    Hormonal regulation

        f    Immunity

        g    Growth and repair

        h    Heredity

        i   Water balance between the blood and tissues - major 

          function:

          1  If blood proteins are lost, the density of blood   

            decreases.

          2  Water then flows toward tissues, causing swelling.

          3  This is found in Nephrosis.

      2    Metabolism:

        a    Proteins are ingested and begin to break down by the 

          action of pepsin in the stomach.

        b    Proteins are absorbed in to the blood in the form of 

          amino acids.

        c    Immediately taken up by the tissues for:

          1  Protein synthesis

          2  Storage in a phosphorylated form.

          3  Deamination in the liver.

        d    Proteins may be used for energy if the intake of 

          carbohydrates and fat is inadequate.

          1  In starvation, there is a wasting away of muscle 

            tissue as they are catabolized to produce energy.

          2  Dietary proteins furnish amino acids for synthesis of 

            various body compounds other than proteins.

        e    Amino groups which are not transferred to amino acids 

          are converted into urea which is then excreted, via the 

          kidneys:

          1  Amino acids are excreted only in trace amounts.

          2  Excretion to any significant extent suggests a

            pathological condition. 

      3    Metabolic Disorders of Protein:

        a    Phenylketonuria - PKU:

          1  Results from accumulation of Phenylalanine,

          2  If undetected, will cause irreversible brain damage.

        b  Sickle cell anemia

          1  Inherited disease.

          2  One of the 500 amino acids in the molecule

              has been substituted, producing the abnormal

              'S' hemoglobin.

        c    5-HIAA - 5-Hydroxyindolacetic Acid.

          1  Presence in urine caused by a tumorous condition 

            of the intestinal tract.

          2  5-HIAA is derived from serotonin.

          3    Serotonin is the amino acid 5-Hydroxytryptamine.

  (2)  Methods

    (a)  Separation Techniques:

      1    Salt or Solvent - solubility changes in the presence of

        charged ions and/or dehydrating solvents.

      2    Electrophoresis - differences in surface electrical charge.

      3    Ultracentrifugation - molecular mass and shape.

      4    Chromatography - separate by differences in:

        a    Size

        b    Shape

        c    Charge

      5    Gel Filtration - molecular volume and shape.

      6    Immunochemical - localized molecular surface

             structure with specific antisera.

    (b)  Total Serum Protein Determinations:

      1   Biuret Procedure:

        a    Alkaline copper sulfate reacts with protein to form 

          a blue- violet color.

        b    Characteristics:

          1  Not very sensitive

          2  Not suitable for specimens containing small

                        amounts of protein, such as:

            a  Urine

            b  CSF

          3  Method of choice

          4  Rapid

          5  Most accurate method used for serum total protein.

    .

2  Refractive Index 

        a  Based on the refraction of incident light by total dissolved solids.

        b  Usually used to measure total solids in urine.

        c  May be used to measure total protein on clear, nonpigmented  

           sera.

      3    Precipitation (Turbidimetric) Methods:

        a    Used with urine and CSF.

        b    Protein is precipitated by use of acid to produce a turbid 

               solution.

        c    Classical method of Kingsbury and Clark uses sulfosalicylic 

              acid (SSA).

        d    Urine must first be cleared of insoluble phosphates

             with acetic acid.

        e    The turbidity produced is an indication of the amount of protein 

             present in the specimen.

        f    A more recent method substituted Trichloracetic  acid (TCA)

          for SSA due to the variation SSA gives with temperature 

          fluctuations.

        g    A calibration curve is usually prepared using a suitable 

             protein standard.

      4    Dye Binding - 'Protein error of indicators':

        a    Protein reacts with dye to form colored complex.

        b    Not recommended for serum or plasma.

        c    Qualitative protein 'sticks' used in screening urine specimens

          are sensitive from about 30 mg %.

        d   Can't be used with CSF since protein is 50% globulin to

          which the strip indicator, Tetrabromphenol blue, is much 

          less sensitive.

    (c)  Albumin Determinations:

        1    Direct Measurements - dye binding:

        a    Bromocresol green (method of choice).

        b    Methyl Orange

        c    HABA (2-4 hydroxyazobenzene) benzoic acid.

      2  Electrophoresis

        a  Major classes of proteins can be separated.

        b  Albumin concentration can be determined.

    (d)  Total Protein in Urine:

      1    Biuret Procedure:

        a    10% TCA added to specific quantity of urine in pairs.

        b    Allow to stand for 5 minutes at room temperature.

        c    Centrifuge and discard supernate.

        d    To one of each pair of unknowns, add 20 ml of 0.75 NaOH to 

             dissolve precipitate.

        e    To remaining unknowns and standard, add 20 ml of Biuret   

          working reagent.

        f    Allow to stand at room temperature for 10 minutes.

        g    Read at 555 nm.

      2    Turbidimetric and Dye Binding

        a     Obtain the lowest normal values:

        b    Sensitivity and simplicity has gained acceptance for these 

           methods.

    (e)  Total Protein (CSF):
      1    Most laboratories use a turbidimetric method for measuring total 

          protein in the CSF. 

        a    Results from methods will vary because of the degree of    

               specificity of the procedure performed.

        b    The globulin fraction of protein will precipitate best with TCA  

             (Trichcoractic Acid) and albumin gives greater turbidity with  

               Sulfosolicylic acid.  

        c    In adults, levels of 60-75 mg/dl are considered slightly  

              increased, levels of 75-150 moderately increased, 

              150-500 mg/dl markedly increased

      2    Clinical Significance:

        a    Marked increases may occur with any tumor causing injury

                  to the blood brain carrier.

        b    Other disease processes may result in marked increase in 

             protein:

          1  Viral

          2  Tuberculosis

          3  Mycotic

          4  Syphilitic or Bacterial Meningoencephalitis

          5  Polyneuritis

          6  Degenerative Disease

          7  Aseptic Meningeal Reaction

(f)  Sources of Error:
      1    In the turbidimetric procedures, improper mixing, causing 

           incomplete precipitation of the protein present is the major

            source of error.

      2    Most protein procedures in CSF use large volumes of CSF and, 

          thus, an  error in performance is difficult to repeat due to difficulty

           of collection.

      3    Performing protein analysis on CSF which has not been 

           centrifuged.

      4    Hemolysis, extremely ecteric specimen (Zanthochromic) which 

            will interfere with the spectrophotometric reagent.

    (g)  Establishing A/G Ratio:

      1    Best way is by serum protein electrophoresis.

      2    Clinical Importance - particularly in:

        a    Liver Disease

        b    Congenital Anomalies

        c    Malignancies

      3    Normal serum values in each fraction:

        a    Total Protein - 6-8 g/dl

        b    Albumin - 3.6-5.6 g/dl

        c    Globin - 1.3-3.2 g/dl

        d   A/G Ratio - 1.5:2.5:1
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