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Abstract: This paper tries to find the effect of the different environmental changes of ( pH, ionic strength, and 

temperature) on their tertiary structure of hGH by using UV sepctoscopy. We found that the hormone affected 

by chemical reagents change its conformation and folding. The present study is an attempt to discover what 

could happen to GH molecule when the biochemistry of body is changed. The results reveal that tryptophyl 

residues are inside the hormone, whereas tyrosyl residues are on the surface. 
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I. Introduction 
 Complex molecules like protein that do most of the work in the cell have both structural and regulatory 

functions which are required for body`s tissues and organs. Each protein in the cell contain up to 20 different 

amino acid that bond to each another to make a define and stable three dimensional structure. Many 
environmental changes could lead to unstable tertiary structure and finally loss of protein function. 

 Growth hormone (GH) is a single polypeptide hormone with 191 amino acid with a molecular mass of 

about 22 KDa(1, 2) . In this research we will try to study the  effect of the environmental changes( pH, ionic 

strength, and temperature ) on the tertiary  structure of the GH by using UV. Spectroscopy. 

 

II. Material and Methods 
Material: 

 All chemicals used in this study were of analytical grade unless mentioned other wise, and were 

obtained from companies mentioned below:-hGH : from immunoradiometric assay kit-Immunotech. (France), 
HCl, CaCl2.2H2O, MgCl2.6H2O, ZnSO4.7H2O, CuSO4.5H2O, Urea, , Acetone, Acetic acid, B.D.H 

(UK).TrisHCl, Glycine, NaOH, KCl, Na2HPO4, NaH2PO4, NaF, NaCl, NaBr, NaI- Redial, Hnoffa (Germany). 

 

Methods:  

1. hGH spectrum: hGH molecule was scanned in the range( 200-350 nm) to determine the λ max of the 

macromolecule. In brief , (50µl) of hGH (10mIU/L) were completed to (3ml) with phosphate buffer of pH (7.4). 

UV.-Visible Rco. And spectrophotometer, UV-160. 

 

2. Factors Affecting the Absorption of hGH: 

1 - PH Effect: 
pH effect on hGH was examined by using different buffer with different pH KCl / HCl buffer of pH (2.2),Tris 
buffer HCl of pH (3.8), Tris buffer HCl of pH (6.3),  Na2HPO4 / NaH2PO4 buffer of pH (9.2), and glycine / NaCl 

buffer of   pH (12.6).In brief , (50µl) of hGH (10mIU/L) were completed to (3ml) with each of the previous 

buffers and scanned in the range (200-350 nm). 

 

2 - Effect of Different Halides: 

 Different halides effect were examined on hGH spectrum. In brief, (50µl) of hGH (10mIU/L) were 

completed to (3ml) with phosphate buffer of pH (7.4) containing (0.01M) of NaF and scanned in the range (200-

350). The experiment was repeated by using phosphate buffer of pH (7.4) containing (0.01 M) of different 

halides which were NaCl, NaBr, and NaI respectively. 

 

3 - Effect of Divalent Cations: 

 Effect of different divalent salts on hGH spectrum was examined . In brief Fifty (50µl) of hGH 
(10mIU/L) were completed to (3ml) with phosphate buffer of pH (7.4) containing (25 mM) of CaCl2.2H2O. 

scanned in the range (200-350). The experiment was repeated by using phosphate buffer of pH (7.4) containing 

different divalent cations which were MgCl2.6H2O,   ZnSO4. 7H2O, and CuSO4.5H2O respectively. 
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4- Effect of 8M Urea, 0.03 M KCl on the hGH UV. spectrum: 

 Fifty (50µl) of hGH (10mIU/L) were completed to (3 ml) with phosphate buffer of pH (7.4) in the 

presence of (8M) Urea and scanned I the range (200-350). The The experiment was repeated in the presence of 
(0.03 M) KCl, and mixture (50:50) of (8 M) Urea and (0.03 M) KCl. 

 

5- Observation of the Helix-Coil Transition of hGH Denaturation: 

Denaturation of hGH due to the effect of increasing temperature was studied. Fifty (50µl) of hGH (10mIU/L) 

were completed to (3ml) with 20 % ethyleneglycol buffer containing (0.01 M) NaCl. The solution was placed in 

1 cm cuvette in the sample beam and the buffer at the adjusted pH in the reference beam. The absorption was 

measured at the wavelength of (292 and 295 nm) at different temperature (30, 40, 50, 60, 70 c°). The experiment 

was repeated by using 20% ethylene glycol buffer containing (0.1M) NaCl 

 

III. Results and Discussion 
3.3 UV. Spectrum of hGH macromolecule 
 The UV. Spectrum of hGH was measured at pH (7.4) in spectrum region (200 – 350 nm) to determine 

the maximum wavelength (λ max). hGH UV. spectrum is illustrated in figure (1), as shown in this figure the 

hormone spectrum consists of two maximum wavelengths, λ max1 at 280 nm and λ max2 at 210 nm with 

absorbance of 0.030 and 0.390 respectively. The absorption at 280 nm is characteristic of tryptophyl residues 

while absorption at 210 nm is due to tyrosyl residues (3) or histidyl residue. 

 Ultraviolet absorption spectrum of protein solutions in the region (200 – 310 nm) are contributed 

mainly from tryptophyl, tyrosyl, phenylalanyl, histidyl residues and the peptide bound (152). 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

Fig (1) The UV. Spectrum of hGH in buffer of pH (7.4) 

 

3.3.1 Factors affecting the absorption properties of hGH macromolecule: 
 The absorption spectrum of chromophores (unsaturated groups like aromatic amino acids) are 

determined by the chemical structure of the molecule. Changes in the environment of these chromophores can 

lead to alterations in the absorption spectrum, these changes (e.g. pH, temperature, etc.) can affect the 

absorption spectrum if the interaction between the chromophore and the perturbing agent affects on the ground 
and excited states of the group which is responsible for absorption. 

 The altered spectrum can be shifted to a longer wave length (this is called red shift) or to a shorter wave 

length (which is called blue shift). The shift may or may not be accompanied by a change in intensity of the 

spectrum, although in many cases, a change in intensity of the spectrum occurs simultaneously with wave length 

shift (4). 

 

1 - pH Effects: 
 The solvents pH determines the ionization state of ionisable chromophores(3). The UV.spectrum of 

hGH was determined at five different pH (2.2, 3.8, 6.3, 9.2, 12.6). As shown in table (3.9) in the acidic region 

there is no shifting in λ max1 whereas λ max2 shifts to a shorter wavelengths (blue shift) at (209.6, 209.2, 205.0 

nm) with an absorbance of (0.298, 1.498, 1.118 respectively). This blue shift is due to the protonation, because 

when non bonding electrons (n) of oxygen atom in the carboxylic group of tyrosyl residues bond with a proton 
(H+) the energy level of these non bonding electrons decreases, therefore it needs more energy (blue shift) (5). As 
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shown in table (3.9) the blue shift increases with pH decrement because of increasing protonation of carboxylic 

group according to the following order: 6.3 < 3.8 < 2.2. The intensity of absorption increases because tyrosyl 

residues localized on the outer surface of hormone which increases the probability of interaction between the 
radiation energy and the electronic system of tyrosyl residues (6). When the pH increases to (9.2, 12.6) there is a 

significantblue shift in λ max1 (277.2, 271.6 nm respectively) this could be due to the deprotonation effect of the 

solution. 

ontryptophyl and it became buried inside the hormone structure so it needs more energy (blue shift) whereas 

λmax2 has a significant red shift to (212.0, 215.4 nm respectively) with an increment in absorption intensity 

(1.319, 1.484 respectively). This red shift is due to deprotonation which makes tyrosyl residues more exposes to 

solvent so it needs lower energy (red shift) and increases the absorption intensity because the probability of 

interaction between the radiation energy and the electronic system increases. λmax2 red shift increases in the 

following pH order: 12.6 > 9.2 because of deprotonation increment (3,6). 

 

2 - Effects of Different Halids: 
 The effects of (0.01M) of different sodium halids on hGH spectrum were examined.  

As shown in table (3.12) for λmax1 (for tryptophyl residues) there was an increment in the blue shift 

while the intensity decreased, on the other hand there was an increment in the red shift for λ max2 (for tyroyl 

residues) with a decrement in the absorption intensity in the salt solution according to the following order: 

 

 

 
                                        Decrement in absorption intensity for both λmax1, λ max2 

 

Table (2) pH effects on UV. spectrum of hGH 

pH λmax1        λmax2 (nm)       Abs1                   Abs2 

2.2 

3.8 

6.3 

7.4 

9.2 

12.6 

280                 205.0 

280                 209.2 

280                 209.6 

280                 210.0 

277.2              212.0 

271.6              215.4 

0.060                  1.118 

0.150                  1.498 

0.035                  0.298 

0.030                  0.390 

0.036                  1.319 

0.048                  1.484 

 

The blue shift in λmax1 occurs because the diffusion of double layer of charged particales (like salts) 

will tend to shield the charged species that is localized on the hormones surface, therefore n     П* transition in 

tryptophyl residues need more energy to occur (blue shift). This blue shift increases according to previous order 

because of ionic radius of halid ions increase as in the following order: I-> Br ->Cl-> F-,so when ionic radius 

increases the shield of charged species increases which makes them need more energy (increment in blue shift), 
and the absorption intensity decreases because the interaction between radiation energy and electron system 

decreases because of the ionic  

The red shift in λmax2 occurs because in aqueous solutions containing added salts the polarity increases 

which makes the polar groups (tyrosyl residues) become on the hormone surface and in contact with polar 

solvent so the energy level of П* orbital decreases therefore    П    П* transition in tyrosine needs lower energy 

(red shift). This red shift increases when polarity increases according to the previous order. Also red shift 

increment associated with absorption intensity decrement because of ionic radius increment (6, 7).  

These results revealed that the tryptophyl residues were buried inside the hormone molecule while 

tyrosyl residues were on the surface. 

 

Table (3) Effects of Halides on hGH UV. Spectrum. 

salts  λmax1               λmax2  Abs1                   Abs2 

hGH in buffer of 

pH (7.4) 

 280.0                     210.0 0.953                      1.984 

NaF 

Nacl 

NaBr 

NaI 

 278.2                      229.8 
 277.8                      231.4 
 276.4                      239.8 
 275.6                      241.4 

 0.912                     1.824 
0.884                      1.681 
0.822                      0.698 
0.920                      0.685 

 

NaI>NaBr>NaCl>Naf 
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3 - Effects of Divalent Cations: 
         Several divalent cations had been used to study their action on hGH spectrum, these cations include Ca+2, 

Mg+2, Zn+2 and Cu+2 in a concentration of (25 mM). hGH spectrums are shown in figures          (3.43 – 3.46).As 
shown in table (3.13) there were a blue shift and absorbance decrement in λmax1 for tryptophenyl residues 

(except in CuSo4 there is a significant red shift) whereas λmax2 for tyrosyl residues shifts to a longer wave 

length (red shift) (exception CuSo4 λmax2 disappears). The red and blue shifts with their absorbance decreases 

in divalent salts solutions according to the following order: CaCl2> Mg Cl2> ZnSO4. The blue shift of λmax1 is 

due to hydration and little destabilization of a few weak interactions of hGH which makes tryptophenyl residues 

buried more inside the hormone (in the non polar region) because of hydrophopic effects of solution which 

forcing them inside therefore it needs more energy (blue shift) and the absorbance decreases because of the 

same effect. The hydration and destabilization of hGH which causes this λmax1 blue shift increases according to 

the previous order because these two effects are higher in CaCl2 than in MgCl2 than in ZnSO4
(8, 9). The shifts of 

λmax1 to a longer wavelength (red shift) in CuSO4 solution is due to denaturation  of hGH because Cu+2 ions 

form a coordination complex with the nitrogen atoms of four peptide bonds, see figure (3.47) (10), therefore the 
tryptophenyl residues appear on the hormone surface which make them expose to solvent and need much lower 

energy (red shift ) and absorbance increment whereas λmax2 disappears in CuSo4also because of changing in the 

tertiary structure of hGH which makes tyrosyl residues buried inside the hormone and do not expose to solvents 

therefore λmax2 disappears (10). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (1) Cu
+2

 – protein Complex. 

 
The significant red shift in λmax2 is due to hydration which makes tyrosyl residues more expose to 

solvents therefore λmax2 shifts to a longer wavelength (red shift) this red shift and the absorbance decreases 

when hydration decreases according to the previous order (11). 

 

Table (4) Effects of Divalent Cations on hGH UV. Spectrum. 

salts  λmax1               λmax2  Abs1                       Abs2 

hGH in buffer 

of pH (7.4) 

 

 280.0                        210.0 
 

 0.030                           0.390 

 

CaCl2 

 

MgCl2 

 

ZnSO2 

 

CuSO4 

 
 277.0                          230.8 

 
 277.8                         230.2 
 
 278.0                         230.0 
 
 310.4              

 
 1.157                           1.884 

 
 1.036                           1.867 
 
 0.888                           1.794 
 
 2.596 
 

 

4-  Effects of Urea and KCl: 
 The effects of urea 8M and KCL 0.03 M and a mix of (50:50) of    urea 8 M and KCl 0.03 M at pH 

(7.4) on hGH spectrum were examined in this experiment. Figures (3.48 – 3.50) show hGH spectrums. As 

shown in table (3.14) in urea there is a blue shift in λmax1 for tryptophyl residues to (276.2 nm) because urea is 
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a chaotropic agent that causes hGH denaturation by solvating the non polar groups in the interior of the 

hormone. The urea molecules disrupt the hydrophobic interactions that normally stabilize the native 

conformation and form a random coil. In this denature conformation the tryptophyl were more buried inside 
hGH therefore it needs more energy (blue shift) whereas λmax2 for tyrosyl residues shifts to a longer 

wavelength (red shift) because tyrosyl residues become on the outer surface of hormone and more expose to 

solvents therefore it needs lower energy (red shift), this red shift accompanied by increment in absorption 

intensity as compared to λmax2 absorbance in phosphate buffer of pH = 7.4, this increment is due to increase 

interaction between radiation energy and electron system of tyrosyl residues because they localized on the outer 

surface of  hGH(5, 6). In KCl solution as shown in table (3.14) there was an increment in blue shift for λmax1 to 

(275.2 nm) as compared to that in urea, because there was no conformational change in hGH structure in KCl 

solution but the blue shift in λmax1 was  due to hydrophobic effect of solution which buried the non polar groups 

(tryptophenyl residues) inside the hormone so they need higher energy (blue shift) whereas the polar groups 

(tyrosyl residues) become more reveal on the outer surface and surround by positive (K+) or negative (Cl-) 

charges near the amide group of the chromophore (tyrosyl residues) which might interact with П electron 
system of amide group, this interaction increases the stability of П* electrons therefore it needs so lower energy 

and this causes a significant red shift in λmax2 to  (243.0 nm) accompanied by absorbance increment as 

compared to that in phosphate buffer (pH = 7.4) (7, 12). 

 In the mixed solution of urea and KCl (50:50) there was a blue shift in λmax1 to (277.6 nm) with 

absorbance increment and red shift in λmax2 to (239.0 nm) with absorbance increment. The blue shift and red 

shift were due to changes in tertiary structure of the hormone because of hydrophobic effect which was buried 

the tryptophyl residues so the blue shift in λmax1 occurs and revealed the tyrosyl residues so the red shift in 

λmax2 occurs accompanied by significant absorbance increment (2.211)(5,6). 

 The results of this experiment show that changes in absorption near 230 nm were larger than those near 

280 nm. This agreed with Glazer (1978) who noted that solvent perturbation or denaturation of protein produces 

much larger changes in absorption near 230 nm than 280 nm. Some of these changes in absorption may be 

produced by changes in   n   П* absorption or because of changing in the protein geometrical arrangement or 
because of environmental changes (12). 

 

5 - Effect of different temperature on helix – coil transition of hGH: 
 The effect of different concentrations of NaCl on thermal stability of hGH macromolecule was 

examined in this experiment. The value of absorbance (A) at λ max (292,295 nm) for tryptophyl and tyrosyl 

residues respectively in NaCl (0.1 M and 0.01 M)in 20 % ethylenglycol buffer at different temperatures (30, 40, 

50, 60, 70 c˚) are shown in figures     (3.51, 3.52). 

 As shown in these figures the absorbance of both tryptophyl     (λ max = 292 nm) and tyrosyl (λ max = 

295 nm) increase with temperature increment for both concentrations of NaCl reaching the highest absorbance 

at 70c˚. The high temperature disrupts the chemical links that hold hormones three – dimensional shape this 

causes unfolding of hGH and loss of its shape (13). In this unfolding shape the buried chromophores in the native 
hGH become exposed to the solvent which leads to increment in the absorbance of both tryptophyl and tyrosyl 

residues at 70c˚ in both concentrations (14). The decrement in absorbance occurs because the unfold hormone 

will refold in NaCl / Ethylen glycol buffer and then unfold again till the hydrogen bonds that responsible for 

holding the helical conformation of hGH degrade and hGH becomes insoluble at more than 80c˚ (15,16,17). As 

shown in figures (3.51, 3.52) the absorbance in. 0.1 M NaCl is lower than in 0.01 M of NaCl this could due to 

the shielding effect of NaCl which may causes this decrement 
(18)

.  

 

Figure (3.51) Different temperature effects on: hGH absorbance at (292, 295 nm) in 0.01 M NaCl. 
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Figure (3.52) Different temperature effects on: hGH absorbance at (292, 295 nm) in 0.1 M NaCl. 

 

IV. Conclusions 
 The UV. studies on hGH macromolecules revealed that the hormone affected by chemical reagents 

which changed its conformation and folding. These studies helped in discovering what could happen to GH 

molecule when the biochemistry of body changed because of diabetes. The results revealed that tryptophyl 

residues were inside the hormone and tyrosyl residues were on the surface. 
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