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Growth Hormone
Structure/function studies

• “Change the structure and assay 
the alteration in function”







Dose dependent decrease in fat, and increase
in muscle and bone!!!



Amino acid sequence of bGH with four αααα-helices indicated

Signal peptide cleavage sites



GH Genes

One can insert GH genes into cultured mouse cells or 
fertilized mouse eggs



Mouse L cell expressing GHMouse L cell expressing GH



Pre-microinjection

Post-microinjection

Male pronucleus



GH GH trangenic trangenic micemice



GH Crystal Structure

2.5 Angstrom Resolution

Blue + N terminus

Red = C Terminus

Light green = helix 3
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Growth Hormone
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Hydrophobic 
Amino Acids
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Amino Acids
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Imperfect amphi-
pathic αααα-helix
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Targeted changes



Lys
112

Glu
126

Leu
123

Asp
115

Ala
122

Glu
111Glu

118
Arg
125

Lys
114

Gly
119

Leu
121

Tyr
110

Glu
117 Met

124 Leu
113

Ile
120

Val
109

Leu
116

bGH
109-126

Leu

Arg

Asp



Lys
112

Glu
126

Leu
123

Asp
115

Ala
122

Glu
111Glu

118
Arg
125

Lys
114

Gly
119

Leu
121

Tyr
110

Glu
117 Met

124 Leu
113

Ile
120

Val
109

Leu
116

bGH
109-126

Leu
117

Asp
122

Arg
119

“Perfect” amphi-
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GH Transgenic Mice
4 fold larger than control



GH M8 Transgenic Mouse
2 fold  smaller than control
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Dwarf

Normal

One amino
acid change,
ie. glycine 

to arginine 
results
in a growth
inhibitor
or “growth 
hormone
antagonist”

Giant



Not all is well with these animals

GH transgenic animals
die prematurely



GH Transgenic MiceGH Transgenic Mice Control MiceControl Mice

Antiserum
Glomerulosclerosis Glomerulosclerosis –– scarring of the scarring of the glomerulusglomerulus



Gly 119 and Ala 122 – one helical turn apart!!!!!!!

Back to structure/function!!!



Cleft“Fill the 
Cleft”

Any amino acid at position 120, other than alanine, 
results in a GH antagonist



Second target model of GH action - 1990

Second target



deVos, et al
1992

Site 2



GHR dimer

Gly 120 = yellow
Trypt 104 = white



Clinical uses of a Growth 
Hormone Antagonists

• Acromegaly
• Diabetes
• Cancer





Acromegaly



Potential Problems with a 
growth hormone antagonist in 

the clinic

• Short half-life
• Antibody formation





Individual IGF-I levels 
before and after B 2036-PEG
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GH Antagonists and Diabetes Induced End Organ Damage
Kidneys and Eyes









Make “control” animals diabetic,
then treat with the GH antagonist

GH antagonists
mice are protected
from diabetes 
induced
glomerulosclerosis
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